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FOREWORD 


Owners of profitable poultry flocks owe much of their success to diligence 
in combating diseases. Poultry are subject to a wide variety of infections, 
some of which respond readily to treatment, whereas others resist control 
measures and cause discouraging losses. 

A knowledge of the characteristics of each disease is necessary, there* 
fore, as the first step in building up an effective barrier against it. Scientific 
research already has provided much information of this nature, highly use* 
ful as a guide throughout the poultry enterprise. Large expenditures of 
money, time, and labor are still being made by poorly informed, misguided 
poultrymen in attempting to control disease by futile means. 

With the gradual unfolding of scientific kno^vledge concerning poultry 
diseases and parasites, the influence of various infections in connection with 
breeding, nutrition, housing, and management becomes more and more 
apparent. This volume contains discussions relating to these and allied 
phases of poultry raising. The authors, ivho are specialists in their respec- 
tive fields, encourage a wider application of sound practices recommended 
for conquering diseases. 

TWft 'C'smvprshn.wrw. "A'idAv/*, ''Vi.KWt 

narians, pathologists, and svorkers in specialized fields. Trained persons 
usually are best able to make proper diagnoses of disease conditions and 
to direct proper courses of treatment. 

Finally, the suppression of poultry maladies has a public as svell as 
private aspect. The effect of a loss caused by disease is seen and felt first by 
the flock osvner, but the presence of a transmissible infection is a danger 
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to neighboring flocks as well. Moreover, large numbers of small individual 
losses add up to a substantial national total. 1 trust, therefore, that this 
book may have a far-reaching influence in improving poultry health, with 
benefits to the poultry industry and the national welfare. 


April, 19« 


John R, ^^OHLER 

Chief, numu o( Animal Industry 
United Stain Department of Agriculture 
Washington. D. C 



PREFACE 


During the six years that have elapsed since the publication of the fourth 
edition of Diseases of Poultry in 1959 many new developments have occurred in 
the system and methods of poultry production. At that time the elimination 
of many small producers and independent local hatcheries was noted. The 
trend has continued toward larger production units, and the application of 
more advanced genetic guidance. 

The rapid advances made In the knowledge of poultry diseases by an ever- 
increasing number of highly trained researchers from various basic disciplines 
has created a tremendous amount of scientific literafute. It is hoped that this 
lolume encompasses much of this information for use by the industry, and that 
it will serve as a starting point for future research. 

We also trust that the book will continue as in the past to be of service to 
public health workers as it concerns diseases transmissible to man, especially 
ornithosis, salmonella infections, and Newcastle disease. 

The thoughts expressed in the foreword of the first edition, so well svritten 
by the late Dr. John R. Mohler in 1943, haw not been altered by the passing 
of time. 

Again the editors welcome the new contributors to the fifth edition. To 
these new authors and to past authors who made possible the undertaking during 
the last 35 years this book is dedicated. 

At this time we express the highest tribute to the memory of Dr. Erwin 
L. Jungherr, one of the charter authors who was taken from our midst on 
April 16, 1965, only one month after he had returned the revised galleys of his 
chapters Dr Erwin L Jungberr’s sincerity, research competence, and integrity. 
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and his tireless and patient edoits in cooperating with the editors established a 
lasting image of respect and friendship for this man. 

Again, grateful acknowledgment is made to Director Robert Orr of the 
Iowa State University Library and to Eliiabcth A. Windsor and Mrs. Mildred 
E. McHone of the Reference Department during the extensive bibliographic 
work in connection with the book. 

The counsel and guidance of Mr. Raymond Fassel of the Iowa State 
University Press and others were most helpful. 

Ames. Iowa 
June, 1965 

H. E. DfESTER 
L. H. SaiWARTE 
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Avian Anatomy 


AFFINITIES OF REPTILES, BIRDS, AND 
MAMMALS 

The birds like the tnaramals arose from 
the reptiles but from different ancestors. 
Both classes appeared during the Jurassic, 
the mammals from the reptilian Subclass 
Synapsicla, Order Therapsida, and Sub- 
order Thcriodontia, and the birds from 
the Subclass Archosauria (a diapsid rep- 
tile), Order Tliecondontia, and an ances- 
tral line in or dose to the Suborder Pseu- 
dosudiia. The ancestral birds lis'ed con- 
temporaneously with the dinosaurs and 
flying reptiles. 

Birds and mammals have pursued their 
evolutionary development independently 
of each other and % no means can one 
class be considered cither more primitive 
or more highly developed Uian the other; 
each has specialized in different directions. 
Reptilian cousins of the birds are rqsrc- 
sented today in Sphenodon, and in the 
crocodiles, lizards, and snakes, whereas all 
of the synapsid reptilian lines related to 


mammals became extinct in the Jurassic. 
In part mammals seem farther removed 
from their reptilian progenitors than do 
the birds because there are no living de- 
scendenis of the iheriodonts. The birds 
share many structural features with their 
living reptilian cousins and any real under- 
standing of avian anatomy is dependent 
upon at least some familiarity with the 
structure of reptiles. 


SVe wish lo acknOH’ledge the cocpentlon ot Dr. 
Julian J. Baumel, Depanrnent of Anatomy. Creigh- 
lon Univenityt Dr. Randcll K.. Cole, Department 
of Poultry Husbandry. Cornell l/nitenicy; Dr, Lois 
>r. Calhoun, Department of Anatomy. .Michigan 
State Univcnit>t and Dr. Robert K. Ringer, be- 
panroent ot Poultry Science, Michigan State Unl- 
venity, who critically reviewed the manuJcript. 
Credit ft due to the /offowng penonnel cl the 
Avian Anatomy Projea: Edie M. Denington, Jean 
A. Fay. Nancy S. McRoy. and Judith A- SVifton, 
who coordinated ihcir efrortt with the authori in 
prepanng material and labeling art work; Rote D. 
Chamberlain, who aecuralely typed the mmuicript; 
and to the attiits. Jamn Cagle, Robert B. Ewfng 
and Raynard N. LeS'eil. who faithfully rqitoduced 
the material elected for JlJujiration. 




JOJoy-old chleken embryo. 
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integumentary system 

Histotogy of ,he Skin 

first derived from the embr^«^-^ 
and the second from the^*^" j <ctodeiTn 
epidermis of birds is tSS 
or modified areis aJd /. "^*^ed 

mammals. The dermi, au - to 
feathered areas proteeteT h "O"' 
plumage; it eon.idS^ ..I’f "'urlying 
putts that eatty the imol ’’ u,„; 

"t. The,b„Ls„alS"“'‘”” ■>''«*- 
Itighly vasculatiied exooM ‘"“S'* ■» 
»r lobes, comb, a„i S'f >uch as 
and on the nearly „aled n ? '’'felon 
the t„, lay. J head and neck „[ 
pulermts may prodncrtl"”"™ t” <he 

S.'”«-“^-pu",'S:s~ 

‘•-7oS'S‘b‘\r,?““»'’fe'.»dy 

p™™«tm„„ ,1° the ,„o,J 

^fee hasal cells of the ce™ ""’nn 


ened. keratinized, dead cells of the corn 
*y<r. In the epiderrois covering the da 
ne transition layer may properly be cal 
f ^trotum spinoium; in this location 
«raium granrihsum is also present but 
P^t^ts of the body, the transition 
'* ® gradual one. A strait 
~iJ ^ basement membrane s 

absent in birds. 

a 3^^ dermis is so variable in thickni 
Hrw, of tissue structure that 
f^self to a generaliz 
7 f^VV°" into layers. In a feathered ar 
anrt dermis is slightly more dec 

'he area beneath the ej 
Daniil^ 'han m its deeper parts. Derm 
absent °f roammalian skin, a 

birds except in the feet. 
dennU project into tl 

them " 'he smooth muscles that mo- 
law^i^ly 'his layer. The cc 

superficial bundles of U 

und^ua mKrtwine in all directioi 
CornusniiZ ^®Ter is well vascularize’ 
abundant ^TP” of nerve endings ai 
Gtandrv Vater-Pacini an 

body con, • ^ “^rmis in the apterla of th 
F ^onums near its lower surface a fl: 




thin layer o£ smooth muscle bundles, the 
ends o£ which are united by dense bands 
of elastic tissue, organized in such a way as 
to form a network structurally capable of 
moving the nonfeathered skin. 

Elastic fibers are scattered among the 
collagenic fibers and in addition usually 
form a thin but definite layer near the 
lower surface of the dermis in a network 
parallel to the surface of the skin. Elastic 
tissue forms the tendons that connect the 
feather muscles to the follicles. 

The subcutis may be areolar or adi- 
pose tissue. Liebclt and Eastlick (1954) 
have given names to 16 subcutaneous fat 
bodies and have illustrated their positions 
and shapes in the late chick embryo. Much 
of our basic information on the histology 
of the avian skin comes from the puDl'ca- 
tions of Moser (1906), Greschik (1916). 
and Lange (1928. 1931). 


Feather Tract* and Space* 

Contour feathers are arranged in rows 
within tracts (pterylae) in the skin of mos 
birds. The tracts are separated by non- 
feathered spaces (apteria)- The 
ment of feathers was first dcsaibed by 
Nitzsch (1867) and has been the subject of 
numerous studies such as those by 
(1898), Steiner (1917), Boulton (19^'). 
Compton (1938), and Humphrey ana 
Clark (1961). The embryonic develop 
ment of ptetylae has been investigated by 
Holmes (1935), Gerber (1939), Wetherbee 
(1957), and Komarek (1958). 

The more important fleryloe and op- 
leria are listed below and those visible in 
a laletal view of a chicken are shown in 
Fig. 1.2. 

Pterylae 

1. Capital tract-head. This tract has numerous 

subdivisions. , ..f *hi* 

2. Dorsal cervical tract— dorsal surface ol 

3. VemVal cervical tract— ventrolateral surface of 
t. imeSpote .ti.c.-<lo.ssl mW-regioo b«»e» 

the shoulders. . , of tbc 

5. Dorsal and pelvic tracts— dorsal surfa 

t 6. Pectoral tract— ventrolateral surface of the 
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7. Lateral body tract— side of body near axillary 

8. S°mtal tract— ventral side of trunk on each 

side of the keel. . , .. _ 

9. Abdominal tract — ventral side of the abdomen. 

10. Humeral tract— dorsal surface of upper arm 

near shoulder. . , i 

11 Alar tract-donal and ventral surfa^ of the 
sving. This tract has numerous subdivisions. 

12. Femoral tract— thigh region. 

13. Cmral tract— leg region. 

Apteria 

1 Uteral cervical apterium— side of the neck, be- 
tween dorsal and ventral cervical ‘"Cts. 

2 Ventral cervical aptenum- ventral surface of 

3. Srapolar apterium— between iuteiscapular and 
.. Ute^'^itic apterium— between pelvic and 
5 Sierai* b^dT apterium— apace surrounding tbe 
6 . 

7 Sil aplerium-over the keel, between right 
e. wsiou. he.wemr cmral 

and femoral tracts. 

Feother Type* 

Feathers vary in complexity from a Sim- 
ple down feather that is entirely plumn- 
faceous (Huffy) to the intricate 
feather that is partly pennaceous (closely 
taU "Jure) (Fig. 1.3). A semiplume i, an 
intermediate type of feather, characterized 
by plumulaceous structure but havmg a 
distinct thacllis. The rhachis is that part 
of the shaft that bears filaments (bat)”)' 
Jn the contour feather "afts P-l“ 

thP two sides at about a 45 angle 
' .T-n turn lesser Slaments, the barbules, 

’""*■1 distallv and proximally from the 
p„ject dtstaHy a P ^ 

T^ftr/t irlirat the barbules cross each 
at about a 90" angle; one set of 
K b ,1^ carries booklets that loosely en- 

S^^r^lt^"erSTh:: 
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FIG. 1.3 — Ports of o typi- 
cal conloor fsather— chick- 
en. (From USDA.) 



plmltd end ol the shall) a miniature 
leather (afterteather, J. altetsha(t) enteijra 
irora the inferior surface and paraile s t e 
rhachis. This structure is present in chiclt- 
ens and turkeys, rudimentary in ducks, an 
absent in pigeons (Miller, 1924). 
feathers are absent from natal down o a 
species. . 

The largest contour fealhen are 
flight quills on the wings “P‘1 “"1, ^ 
remiges and rectrices respectively. ^ 
arc 10 primary remiges implaniw on 
bones ol the hand of most birds. n 
S'Tist there is a vestigial feather, 
rcmex, that is frequently overlooked, me 
ulna of the forearm carries 16-19 
ary remiges in diickens, the first of w ii 
is shorter than the feathers adjacent to 
and is often called the axial or key • 

Tltere arc 6-8 pairs of rectrices »n tW 
dticken; the mctli.in p-sir of whicli. in 


male, formt the greater sicUeJ. Smdlej 
feathers, the coveru, overlie the base, ot 
r^TTiif^es and rectrices. , 

' ^iour feather, are tnodihed tn var.nu, 
wav,- the outer margin of the hackle 
feather, of the cock i, devoid ol harbul^ 
Ue barb, ol auricular leather, .arc , i 
and far apart tvhicli provide an cliccme 

t':t?u7k™fa".' c'oruc'”ot“the 

tiny, a, t'ha. plumage 

of Urdu *ey are a^ f and 

;”SI'„"^ud''amougtho contour fealhen 
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FIG. 1 .3 — Pom of a typi- 
cal contour fealhor— chick- 
en, (From USOA.) 



planted end of the ahaft) 

fcalher (afterfealher, s. aftenhaft) 
from the inferior surface and para ' . 

rhachis. This structure is present m 
ent and luAeys, "■‘I™'""'’' AIter■ 

L*VL'’^em fi- .ioL o, all 

la, Beat con.ou, ta*'” J' 
flight Ottilia on the tvinBa an T,,cc 
tcmigea and rcctticca J „„ 

ate 10 primary mmigea “ 

bone, of the hand of moat , 

writt there la a veatigial The 

remex. that is frequently . .g »e(ond- 
ulna of the forearm carries ^hich 

ary remiges in cl.ickens, the fio o‘ 
is shorter than tlic feathers adj 
and is often calletl the axial ^ 

There arc C-8 pair, of 
chieVen: ttic mcilun pair of 


male, forms the greater sickles. Smaller 
feathers, the coverts, overlie the bases of 
remiges and recirices. 

Contour feathers are modified in various 
svays; the outer margin of the hackle 
(eathen of the cock is devoid of barbulcs. 
The barbs of auricular feathers arc stiff 
and far apart svhich provide an effective 
screen but do not interfere with the pas- 
sage of sound. Bristle feathers consist of 
a shaft that is either entirely hare or has 
a few barbs at the base. They are 
on the carunculate skin of the 
„rck ct ,nrlc>, and nr rhe ' 

mouth in various other or, U 

the eyelids arc known a* 
tiny, as cilia. . plumage 

Dosvn feathers form . j;,,cr at the 
of birds; they are al*o p rjiickcns and 
margins of tJ>e contour feathers 

pisrom, and among 
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in ducks. Their long, flexible barbs usu- 
ally arise from a very short rhachis. In 
the natal downs of certain birds, the barbs 
arise from the upper end of the calamus. 
The barbs bear barbules composed of a 
series of simple segments without Iiooklets. 

After a chicken has been plucked (here 
remain numerous hairlike feathers called 
filoplumes. Typically they have a calamus 
and a slender, long rhachis with a tuft of 
barbs at the tip. They bear no aflerfeath- 
ers in any species of bird. Their function 
IS unknown. In the chicken they are long- 
est on the neck and back and are most 
numerous around the remiges. 

Feather Museuloture 


The contour lejthers of the body can b 
readily elevated or depresjed, a, seen in th 

n the fedy feathers when bathing or dns, 
mg. These actions ate controlled by 

J mnervate, 

through the sympathetic nervous svsten 
(Langley, 1904; Osimann el el., 1963? T. 

unaided eye the bundles of sraootl 
Se nemru ’1! »">1 i' 

FtaUelograms. Tn some SSr'mn" 

posife^oters”” “f 

(Stettenheim el el iS n"* ‘''P"»°r 
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adjacent follicle Anmh ^ 

■he same n.„ 
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within its wall elastic and collagenic con- 
nectiTC tissues (Fig. I.I). 

Integumentary Structures 

Comb, wattles, ear lobes, beak, scales, 
claws, spurs, and pipping tooth of chickens, 
leader (s. snood), carunculate skin and 
beard of the turkey, and the beak, nail 
and lamellae (s. strainers) of the duck are 
specialized integumentary structures. They 
show the basic plan of the integument 
found in feathered parts of the body. The 
leader of the turkey has an erectile-type 
vascular tissue composed of helicine ar- 
teries and sinusoidal capillaries near the 
surface of the organ. Bundles of smooth 
muscles extend lengthwise through the 
leader. 


. * oi a cnicxen lias neither hen- 

cine arteries nor longitudinal muscles. Be- 
tween the central connective tissue axis of 
the comb and the peripheral capillary 
uyer is a broad band of muco-fibrous tis- 
sue in the adult male and the laying fe- 
male chicken. According to Champy and 
Kmch (1925 and 1926) this mucoid tissut 
tiisappears in the capon and in the female 
out of production. They suggest (1926) 
about in the comb 
. ^ oy the production of an edema 

in the muco-fibrous layer, that this com- 
small, thin-walled veins produc- 
I g a ood stasis in the sinusoidal capil- 
lary layer. ^ 

The wattle, like the comb, has a central 
IS o dense connective tissues bearing 
X.™’' The deep 

“ 'imposed of very loose 
is w n superficial layer 

vessels. A 

the .a be present under 

me samyondttions that produce its pres- 

with collagenic tissue 

wuhlite bundles ntnning i„ three direc- 

highly vas- 

horn Th of ‘I'S leg- 

wnue coloration of the ear lobe 



and some of the caruncles of the turkey are 
due to a sclerotic condensation of con- 
nective tissue. 

Scales of birds, like those of reptiles, de- 
velop as thickenings of the stratum cor- 
neum. Between scales the corneal layer is 
depressed and usually thinner than at the 
surface of the scale and is more flexible. 
Large scales may overlap slightly but gen- 
erally they lie in the same plane as the 
epidermis. There is continuity of the 
comeal layer of the scales with that ot 
claws and spurs and the tissue components 
of the beaks are the same as a large thick- 
ened scale. 

Only holocrine glands occur tn arnan 
skin, the uropygial on the dorsal sur ace 
of the tail and the “ear fold" within the 
external canal (Plate. 1924). The uropygial 
gland produces a yellow ceruminous 
tion that is emptied into a large 
cavity and is conveyed to the outside 
through ducts carried by the uropygia 
papilla. The secretory units are straigm 
tubules with their closed ends aptwt tne 
connective tissue wall of the gland. Oen 
ative cells form a single layer P®* 

riphery of each tubule and as the cells mo 
centrally, lipid spheres form wilhm the 
qtoplasm. These increase in number ana 
the cells that contain them enlarge.^ 
rhe lumen of the tubule the cell! disinle- 
grate, releasing their contents. 

SKEIETAI SYSTEM 

Dillerentes in Skeleton Between Bird! 
end Mammals 

Tlicrc are many differences in 
cial system of birds and that of mam - 
For example, most mammals have 7 cerv 
vertebrae, wliethcr the neck is short 
a whale or long as in a -IJv 

the number varies from 8 to ..5 an 
has a relationship to the length of l c 
Tlic total number of vertebrae 
series from about 40 to lorm In 

and jenkin. IDGO; Romanoff. 
mammals only llioracic vertebrae 
mos-able ribs, but in birds cervical amt 
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lumbar vertebrae may carry movable ribs 
as well as those of the thorax. The pubic 
bones of birds are directed posteriorly in- 
stead of anteriorly and are spread tar 
apart, so that a symphysis pubica is absent. 
Extensive ankylosis of dorsal vertebrae i 
common in birds but in mammals is found 
only in the sacral region. Tlie chfferenew 
between the head skeleton of birds and 
mammals are indeed numerous and are 
related to their reptilian 
a good general reivew of the avian skeletal 
system, see Reynolds. 191S.) 

Axial Skeleton 

The neck and tail are flexible but the 
body (thorax, lumbar, and sacral regions 
one movable -tebm 
ju length in the chicken. The relative y 
rigid body gives a firm fuselage for the 
wings and landing gear. 

There arc 16 or 17 
ginning with the atlas (Fig. 1.4). 
of these in older specimens may 
dally or entirely 'fused with anky bsed 
L • ,.BTtPbMe The centrum bears a 
»ebufart?ai!ation. namely saddle- 

‘”,i"„'.no'Srsfjrc!ci.ccr!.ic.i-. 

. there ii a pai' pra'yfl”P''>'" 

“■“"‘"I:!!”;! tcn.n.ll^™«'’ 

h)|iapoph)iei ( jl; I mitl line or 

centrum) may % nl the 

■S'm, S«n .hat of 

l,!t thoracic vcrtchtae. 

the dote to the tom 

On the la."”' .jj,, vcrtcbri except on 

matg.n ot cKlt « traniterse ptoc- 

the a.la! am' ” Vertebral artery, lo""' 

csses encircling Tlie processes 

i„5 the tramtcoc foramen, P 
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are derived from a dorsal component, the 
diapophysis, and a ventral component, the 
pleurapophysis. The latter, on some verte- 
brae, carries a styloid process projecting 
posteriorly. The diapophysis carries an 
articular surface for the tubercle of the 
movable rib and the pleurapophysis forms 
the vertebral member (dorsal pan) of the 
rib, including the head. In a skeleton of a 
chicken 6 to 8 weeks of age, a plate at the 
side of the centrum, called the parapoph- 
ysis, supports the pleurapophysis and in 
older birds fuses with it, or becomes the 
facet area for the head of the movable rib. 

Mivart (1895), Howard (1929), and Zusi 
(1962) are some who have presented termi- 
nology for the adult condition of the verte- 
brae of birds but this is best interpreted 
through studies of embryology (Piiper, 
1928; Williams, 1942; RomanoE, 1960) and 
comparative anatomy (Goodrich, 1958). 

The vertebrae and their lateral proc- 
esses, the ribs and sternum, form a skele- 
tal enclosure for thoracic viscera. The 
last two cervical vertebrae bear movable 
vertebral ribs. Arbitrarily the true tho- 
racic ribs generally have been considered 
as those that have both vertebral and 
sternal members and together they form a 
complete rib that extends from a vertebra 
to the sternum. (In mammals the cosul 
cartilage represents the sternal member.) 
Uncinate processes, directed posteriorly, 
are carried by the vertebral member of the 
last cervical and all of the thoracic ribs 
but not by the lumbar rib at the end of 
‘fire series. Tnese ■prucesses *provAt Vt’xgn, 
for serratus muscles to the scapula and at- 
tachments for intercostal muscles. The 
lumbar ribs (posterior floating ribs) are 
either incomplete or articulated with a 
caudal thoracic rib (rather than with the 
sternum). The first pair of lumbar ribs is 
complete and the second may be nearly 
complete or a small rudiment. 

On the basis of its ribs, llie chicken Jms 
4 (sometimes 5) thoracic vertebrae (Fig. 
1.4). The last cervical and the first 5 tho- 
racic are ankylosed in older birds. The 
hypapophysis lies between the right and 


left lungs and forms an origin for ventral 
neck muscles. The last thoracic vertebra is 
movable. 

The 4 lumbar, 5 sacral, and the first 6 
caudal vertebrae are fused into an immo- 
bile dorsal plate, the synsacrum. The sep- 
arate vertebrae are clearly shown in a two- 
month-old chicken. The fused plate, along 
with the pelvic arch, composed of ilium, 
ischium, and pubis, forms the pelvis. The 
lumbar vertebrae have robust dorsal and 
ventral processes (diapophyses and pleura- 
pophyses respectively); the last in the se- 
ries is especially heavy. The first in the se- 
ries bears a pair of lumbar ribs. The sacral 
vertebrae have dorsal but lack ventral 
processes and may be so completely fused 
in older birds that they are difficult to 
count but may be identified by the foram- 
ina through which the sacral nerves 
emerge. Caudal vertebrae form the tail; 
the 6 incorporated within the synsacrum 
have both dorsal and ventral lateral proc- 
esses. Posterior to these, there are 6 coc- 
cygeal (posterior caudal) vertebrae and a 
terminal flattened bone, the pygostyle, rep- 
resenting a fusion of about 6 additional 
caudal vertebrae. The articular surfaces 
of the centra of the free coccygeal vertebrae 
allow limited movement. These vertebrae, 
except the last, have flat transverse proc- 
esses. Sometimes these processes of the first 
coccygeal vertebra articulate with the ilia. 

A chicken, therefore, has a total of approx- 
imately 42 vertebrae, exclusive of the py- 
gostyle. 

Pectoral Cirdle and Wing 

The pectoral arch, composed on each 
side of scapula, coracoid, and clavicle is a 
tripod-shaped structure with the shoulder 
joint at its apex (Fig. 1.4). The right and 
left clavicles are fused ventrally by the 
hypocleidium and united to the sternal 
spine by a ligament. Lateral to the spine 
is a deep transverse groove into which the 
broad base of the coracoid is implanted 
and which allows limited antcro-posterior 
movements. Tlie dorsal end of the clavicle 
articulates on its lateral face with the head 
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are derived from a dorsal component, the 
diapophysis, and a ventral component, the 
pleurapophysis. The latter, on some verte- 
brae, carries a styloid process projecting 
posteriorly. The diapophysis carries an 
articular surface for the tubercle of the 
movable rib and the pleurapophysis forms 
the vertebral member (dorsal part) of the 
rib, including the head. In a skeleton of a 
chicken 6 to 8 weeks of age. a plate at the 
side of the centrum, called the parapoph- 
ysis, supports the pleurapophysis and in 
older birds fuses with it, or becomes the 
facet area for the head of the movable rib. 

Mivart (1895), Howard (1929). and Zusi 
(1962) are some who have presented termi- 
nology for the adult condition of the verte- 
brae of birds but this is best interpreted 
through studies of embryology (P«per. 
1928; Williams, 1942; Romanoff, ^ 
comparative anatomy (Goodrich, 1958). 

The vertebrae and their lateral proc- 
esses, the ribs and sternum, form a sl^le- 
tal enclosure for thoracic viscera. ™ 
last two cervical vertebrae bear movable 
vertebral ribs. Arbitrarily the ^ 
racic ribs generally have been consi e 
as those that have both vertebral and 
sternal members and together they foim a 
complete rib that extends from a vertebra 
to the sternum. (In mammals the wUl 
cartilage represents the sternal me •) 
Uncinate processes, directed 
are carried by the vertebral ^er of t^ 
last cervical and all of the t , 
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left lungs and forms an origin for ventral 
nedt muscles. The last thoracic vertebra is 
movable. 

The 4 lumbar, 5 sacral, and the first 6 
caudal vertebrae are fused into an immo- 
bile dorsal plate, the synsacrum. The sep- 
arate vertebrae are clearly shown in a two- 
month-old chicken. The fused plate, along 
with the pelvic arch, composed of ilium, 
ischium, and pubis, forms the pelvis. The 
lumbar vertebrae have robust dorsal and 
ventral processes (diapophyses and pleura- 
pophyses respectively); the last in the se- 
ries is especially heavy. The first in the se- 
nes bears a pair of lumbar ribs. The sacral 
vertebrae have dorsal but lack ventral 
proceacs and may be so completely fused 
in older birds that they are difficult to 
count but may be identified by the foram- 
ina through which the sacral nerves 
^e^e. Caudal vertebrae form the tail; 

within the synsacrum 
p ventral lateral proc- 

>0 th«e. .h=re are 6 coc 

resenting a fu, ^ "’’t' 

caudal vertebrae tk '"'; ® addtttonal 
of the centra n! the?' 
allow limited movement 5®“' w 
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Pecterol Girdle and Wing 
The pectoral arch, com 
side of scapula, coracoid 
tripod-shaped structure v clavicle is a 
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left clavicles are fused v 
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of the coracoid. A space formed by the 
heads of the 3 bones of the pectoral gbdie 
is the triosseal canal, through which passes 
the tendon of the supracoracoid muscle, 
the chief action of which is to elevate the 
wings. A large cartilaginous pad forms the 
glenoid fossa supported on the articular 
surfaces of the coracoid and scapula. 

The sternum is composed of a narrow 
median plate with antero- and posterolat- 
eral processes and a deep, triangular keel 
(carina) (Fig. 1.4). The thoracic ribs are 
implanted on the costal margin of the 
sternum between the basal ends of these 
posterior process of the 
Md'^r Pori'S, median and lateral, 

and hese form boundaries for the median 
and lateral notches. The sternal plate has 
sternal spine and the keel has a catinal 
apex at the anterior extremities; between 

vamhle among birds (Knopfli, 191g) ’’ 

with thotrol°the''am‘a®J“'.' Poo’o'ogous 
tetrapods, and the h, ^ 0*0" 

5erircrt:„fpiF““^'"-''''"^^^ 

tuberosity, the bidDitaV^*^ margin has a 

A, the distal'end Of tab" 

ato the radial and ulnar co u 
rated by an inierfnr,,^ \ r «Pa- 
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some of the distal carpals fuse with the 3 
meiacarpals to form the carpometacarpus, 
the largest bone of the hand. (See Roman- 
off, 1960, for review of development.) In 
young chickens the unfused carpal bones 
may be mistaken for the epiphyses of the 
mctacarpals. 

Embryologic studies have provided evi- 
dence that the avian hand has retained 
digits 2, S, and 4, having lost the first and 
last digits. The short digit on the anterior 
of the wing supporting the 3 to 
4 alular remiges is frequently labeled 
thumb (s. pollcx)’* whereas actually it is 
the second digit (index finger). Departure 
from the earlier concept of digits 1, 2. and 
3 was biouglu about by the convincing em- 
bryologic studies of Montagna (1945) and 
(196^^^” (^^55) and a review by Romanoff 

The bony knob at the base of the index 
nger is metacarpal 2 on which is inserted 
, of propatagial muscles, m. ex- 

lemoT melacarpi rodialis and m. extensor 
tndicts longus (s. m. extensor pollicis 
jongus) (Hudson and Lanzillotti, 1955). 
ihe metacarpal bones are fused svith a 
long space between metacarpals 3 and 4. 

i \ ^ ^ phalanges, and 

^ the chickem The 

in 2 bears a short claw 

1940)"'^'"* not in turkeys (Fisher. 

Pelvic Girdle and Extremity 

coTl!^ pelvis is a compound structure 
the ®y"”crum and bones of 

;;^-«mbu.um “at " cuCi 

task ta ^ 
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synsacrum in forming a horizontal plate 
and the lateral portion with the ischium 
forms the side wall of the pelvic girdle. 
The fusion of these two bones is inter- 
rupted by a large, elongate ilioischiatic 
fenestra. Immediately above the acetabu- 
lum is the antitrochanter derived from 
both ilium and ischium. Below and for- 
ward the well-developed pectineal process 
of the ilium is present, to which is at- 
tached the ambiens muscle. The ventro- 
caudal extension of the ischium has been 
named the ischiatic process (s. ischial angle). 

The pubis is a long, slender bone that 
arises from the ventral part of the acetabu- 
lum, and extends beyond the ischium 
where it curves toward the median plane. 
Anteriorly the pubis is separated from the 
ischium by the obturator foramen and 
posteriorly by the ischiopubic fenestra. 
The interpubic space varies with the sex 
of the bird and is widest in laying females. 
On the ventral side of the pelvic arch are 
several cavities; lateral to the lumbar veri^ 
brae are the lumbar foveae; caudal to this 
is an extensive iliac fossa (s. renal depres- 
sion), separated into anterior and poste- 
rior parts at the level of the lateral process 
of the first caudal vertebra. The fossa con- 
tinues to the iliocaudal spine but its caudal 
part is separated from the viscera by the 
planum anale which has as its cephalic 
boundary tlie conspicuous posterior ischio- 
sacral crest. 

Xhf -nf are closely _pressed 

against the side of the trunk and in grebes, 
penguins, and loons only the part of the 
leg beginning at the knee is distinctly sep- 
arated externally. The femur of the fowl 
is sufficiently similar to that of mammals 
so that its principal parts are readily rec- 
ognizable, although homologies of the 
trochanters are controversial (Howell. 

The distal end of the femur articulates 
medially with the head of the tibiocwsu*. 
and laterally with the head of the fibula. 
The fibula ends about one-fourth ol the 
distance short of the tarsal (hock) iojnt. 


The knee includes a patella as in mam- 
mals. Anterior to the head of the tibiotar- 
sus are sharp ridges, the external (outer) 
and internal (inner) cnemial crests, to 
which are attached both thigh and leg 
muscles. Parker (1884-94) considers these 
crests to be epiphyses. 

There are no free tarsal bones in the 
adult fowl; during development and 
growth these have fused with the tibia 
proximally and the metatarsus distally 
(Nielsen, 1963). Therefore, the intertar- 
sal (hock or ankle) joint involves only 
tarsal bones rather than an articulation 
between the long bone of the leg and the 
ankle bones. During the first few months 
after hatching the proximal tarsal bone 
remains as a separable cap on the end of 
the tibia and as in the arm, superficially 
resembles an epiphysis. The possible con- 
version of a sesamoid into a traction epiph- 
ysis has been desaibed by Barnett and 
Lewis (1958). 

TTie tibial canihge on the distal poste- 
rior surface of the tibioiarsus forms a re- 
straining groove for the tendons that ex- 
tend the foot and flex the toes. The 
medial part of this cartilage is ossified in 
older chickens. On the proximal posterior 
surface of the tarsometatarsus is located 
the hypoiarsus, a separate bone in the 
young bird that later unites with the tarso- 
metatarsus. It also by its tendinal canal 
and its ecto- and endocalcaneal ridges sep- 
arates and guides the tendons for numer- 
ous flexor muscles of the toes. 

The fifth toe is absent in all birds, but 
most species have retained i to 4 (one or 
more supernumerary toes are present in 
several breeds of chicken). A short fint 
metatarsus (accessory metatarsus) is lo- 
cated at the base of the hallux. The distal 
end of the tarsometatarsus is divided into 
its original S component bones, each artic- 
ulating with a basal phalanx by a gingly- 
tous (binge) joint. In many birds each toe 
has one more phalanx than its digit num- 
ber; the halfux has 2; the second toe. 3; 
the third toe, 4; and the fourth toe, 5. Most 



12 


ALFRED M. LUCAS ond PETER R, STEHENHEIM 



l»rt.y. b., bon., 


Skeleton of the Head 
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bone by many, but Gregory (1920) has pre- 
sented evidence that mammals retained 
‘h® reptilian lacrimal, losing the prefrontal, 
and that the reverse took place in the evo- 
lution of birds. The orbital process lies 
between the nasal and orbital cavities and 
supports the attachments for the oblique 
eye muscles. The prefrontal bone and its 
®re highly variable in size and 
sh^ among various species of birds. 

fne paired frontal bones are large; their 
anterior ends as well as the caudal tips of 
e premaxillae rest upon the upper end 
Wt.,^ uiesethmoid. The fused parietals 
_ ‘be caudal part of the cranium 
. n ^ by a pair of squamosal bones 
and caudally by the base of the head, a 
SS-T and a pair of exoc- 

' f “ These, with the basioc- 

orrir>:» ‘be foramen magnum. The 

tufS: is a single median struc- 

n*amnra condition in 

septum (j. ethmoid 
) the thin partition that separates 


right and left orbital cavities. The pal- 
pable posterior boundary of the orbit is a 
pointed postorbital process of the alisphe- 
noid frequently fused with the anterior 
process of the squamosal bone. The ear 
has a complicated osteology; its walls and 
parts are derived from the epiotic and 
epistholic bones on the inner surface of 
the supraoccipital, and the prootic beneath 
the squamosal. The columella and semi- 
circular canals are discussed later. 

The quadrate bone, said to be homolo- 
gous with the incus of mammals, has two 
processes and is the point around which 
most actions of the jaw pivot. The squa- 
mosal process articulates with the prootic 
bone. The orbital process of the quadrate 
articulates with the pterygoid and this m 
turn with the palatine. The body of the 
quadrate articulates with the quadrat^ 
jugal and suspends the lower jaw. 1 e 
upper jaw is elevated at the frontonasa 
hinge by means of a rotating movement of 
the quadrate, which is transmitted through 
the jugal bars and the palatines (Zusi, 
1962). Movements of the quadrate also act 
on the lower jaw. , . , 

The embryonic components of the lov-er 
jaw—articular, angular, surangu ar. P 
articular, splenial, and dentary-are 
early in life, but some of these arc s i 
tinguishable in the adult. It is • 

istic of birds that the lower 1^"^’ 
mately in the center of its laiera 
is perforated by a mandibular 

The hyoid is composed of a P ^ 
bones arranged as a median 
pair of long, slender horns, that 
ward around the base ”ontcriorlY 

mid line the basihyal articulates 
with the paraglossal. a and 

birds (Bellairs and Jenlan, 1^0) 
posteriorly svith tbe uroh>^l. j j 

composed of a basal «ratobranchial and 
distal epibranchial. articulate on «h' 
of the basihyal. The hyo.d supporu tn 
tongue and its musculature. overlap- 

A ling ol 12-lC (meton H) mcr. P 
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Curtis and Miller, 1938; Nelson, 1942; 
Jollie, 1957). The variability of number 
and overlap has been studied by Coulom- 
bre €t at. (1962). The sclerotic ring in 
birds is inherited from reptiles. In the 
chicken and many birds it is composed of 
small plates but in hawks, owls, and other 
raptorial species the plates are large and 
arranged to form a lube. 


MUSCULAR SYSTEM 

The following enumeration based on 
the muscles of the whooping crane (Fisher 
and Goodman, 1955) lists the skeletal mus- 
cles in various parts of the body and ap- 
proximates the number of these muscles 
present in the chicken; 


Head, jaw, and adjacent neck 
Tongue, hyoid, and trachea 
Eye globe, lids, and a dermal 
muscle to the ear 
Wing and pectoral girdle 
Leg and pelvic girdle 
Abdominal and thoracic wall 
Vertebral column including re- 
maining neck 
Tail 
Total 


20 

18 

12 

48 

42 

G 

15 

10 

171 


Numerous individuals have contributed 
to our knowledge of avian musculature 
(Helm. 1881; Shufeldt. 1890; Furbringcr, 
1888; Gadow and Selenka, 1891; Mudge, 
1902- Boas. 1929; Hudson. 1937; Hudson 
el «/.. 1955, 1959, 1964; Fisher, 1916; 
Dcrgcr. 1952; Davids. 1952; Den Boer. 
1953; Rooth. 1935; Starck and Barnikol, 
1951; Burggraaf, 1951; Burggraaf and 
Fuclis. 1951. 1955; Fuchs, 1951. 1955; 
Goodman and Fisher, 1902; Zusi, 1962). 
Many of tJiese papers include $ynon>-my. 
Tlic dcvclopmenml sequence for the mus- 
cles of thigh, leg. and foot of the chicken 
has been studied by Romcr (1927) and 
Wortham (1918). and the development of 
muscle groups of the wing by Sullivan 

^ So^e muscles of birds have no equiva- 
lent in mammals, largely because of dif- 
ferenres in skeletal structure and in func- 
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tions of body parts, for example; the ilium 
of mammals does not extend in either di- 
rection much beyond the acetabular re- 
gion, whereas in birds the ilium is ex- 
tremely long. Hence the iliotiochanteric 
muscles are peculiar to birds and not rep- 
resented in mammals or at least cannot 
be definitely homologized (Hudson. 1917). 
The ambiens muscle, which originates on 
the pectineal process, is peculiar to birds 
and reptiles and is absent in mammals. A 
broad, flat, triangular muscle, the iliotib- 
ialxs, covers much of the lateral surface of 
the thigh. It is divisible into anterior, 
medial, and posterior parts. Gadow (Hud- 
son, 1937} considers the anterior part as 
absent in mammals, the middle part as 
homologous with the m. tensor fasciae 
latae of mammals and the posterior part 
as homologous with the m. gluteus max- 
mus. In birds the gastrocnemius has three 
parts. The external and medial paru may 
represent the m. gastrocnemius of man and 
the internal part may be homologous with 
the m. soleus of man. 


In Fig 1.6 is shown the superficial mt 
del viiibls from the side. Th! lemin. 
op for wmf, limb, and girdie, tollo 
Hud, on (1937) and HudioS ,t cl ( 9° 

and tad ha, been taken from vario 
man° nos?, “‘t,'' «"< 

^ and m i 

rcm,d,l„ mcManli, that are involved 
™ve,ne„. „t the „lc.i.a.i„, 

PeS^efa;:' Ict'.raTd'taf ,£ir ' 
tion of dieihi ii> It,.. . The rcdi 


cotuequem multitude of origins. Centripe- 
tal placement of the muscle masses tends to 
protluce long tendons, and in the legs es- 
pecially these are guided by well-developed 
fibrous sheaths, loops, grooves, and canals 
in bone and cartilage. Sesamoid bones are 
common and many tendons become ossi- 
fied. 

Breast muscle is composed of fibers of 
two size groups: the large are light in 
color, the small are dark. In addition there 
are many cytochcmical differences (Watzka, 
1939; George and Naik, 1957, 1958. and 
1959; George and Talesara, 19G2). 


VASCULAR SYSTEM 
Heart 

The avian heart has its axis in the me- 
dian plane of the body. Its ventricles are 
nearly surrounded by the lobes of the liver. 
Like the mammalian heart, it is four-cham- 
bered and the circulation of blood through 
these chambers is similar in the two classes 
of sertebrates. Some of the distinctive fea- 
tures of the heart in birds, as found by 
Kern (1926). Petrdn (1926). Uchiyama 
(1928). and Westpfahl (1961). are as fol- 
lows: (1) Relative to body weight, it is 
heavier In birds than in mammals or rep- 
lues. (2) neither a ductus arteriosus nor a 
••gamentum crteriosum is present in chick- 
ens but both structures have been reported 
M (5) a distinguish- 

able fossa avails falls to persist after the 
clOTure of the foramen ovale in the embryo. 
{ ) plaques of cartilage are normally pres- 
ent in the aorta at the level of the semi- 
lunar valves and sometimes in the wall of 
ine adjacent common pulmonary artery, (5) 
racBt commonly there are 2 coronary ar- 
and even 5 are frequently 
P ent, (^ there are extensive anastomoses 
major coronary 
• minimae Thebessi and 

SOI s are abundant in the right ven- 
particularly in the septum. 
u,« « closely applied to 

of the heart but 
‘Or y around the ventricles and be- 



TABl-E 1.1 

Muscles of Bbzast and Shoulder 
OF THE Single Comb White Leghorn Chicken* 


Name 




Insertion 


M. latissimus 
dorsi anterior 

M. latissimus 
dorsi posterior 

M. latissimtss 
dorsi 

metapatagialis 

M, rhomboideus 
superficialis 

M. rhomboideus 
profundus 

M, serratus 
superfieialir 
anterior 

M, serratus 
superficialis 
posterior 

M. serratus 
superficialis 
meta^gialis 

M, serratus 
profundus 

M. scapulohumeralis 
anterior 

M. scapulohumeralis 
posterior 

Af. pectoralis 
thoracica** 


M. supracoracoideus 


Al. coracobrachialis 
anterior 

Af. coracobrachialis 
posterior 

AI. stemocoracoideus 


Spinous proes. of caudal cerv. vert. 


Spinous proa, of thoracic verL 

A muscle slip from post, end of M. 
!at. dor. post. 

Under M. lat. dor. From spinous 
proa, of Cu and T,. 

Under M. rhomb, sup. From spi- 
nous proa, of Cn to T«. 

From the ven. memb. of the T, ilb 
and possibly Cw and T,. 

From the vert. memb. of T,— L, ribs 
and unc. proo. 


From T, rib vent, to unc. proc. 


At prox. third of humerus on mid- 
post. surf. 

At prox, third of humerus on mid- 
post surf caudal to M. lat. dor. ant. 

Metapataglal memb. at post, end of 
humeral tract. 


Head and % of dor. margin of scap- 
ula. 

Distal s/4 of med. surf, of scapula 
near dor. edge. 

Tuber, on vent, edge of scapula, ^ 
distance from head. 


Caudal tip of scapula. 


Skin of the metapataglum. 


Vert. memb. of C,r-T, above unc. 
proes. 

Vent, edge of scapula distal to glen- 
oid facet 

Most of lat surf, of scapula 


Lat surf of keel, near vent. marg. 
posterolal. proc. of sternum, sternal 
wds of T_ and L ribs, davide and 
hypocleidmm. 

I Donal part of tat. surt 
2. AnterolaL surf, of eoracoii 3. 
Vent half of memb. on sternal 
Mtch. 4. emu. part of itcmo-cor- 

aco-clavicular memb. 

Ant. surf, at dor end of coracoid 
(the acrocoraO'd). 

AnimUt.. 
jacent sternum. 

or. 

num and aaj. » 
num 


Middle ^ of med. surf, of scapula, 


Posterovent, surf, of humerus, caudal 
to pneumatic foramen. 

Posterovent. surf, of humerus on 
bicipital crest. 

Ant. surf, of humerus below the distal 
half of the deltoid crest. 


Through triosseal canal to humerus' 
1. Ant. surf, below deltoid crest. 2. 
Dorsoposc. surf, at base of deltoid 
crest. 


Ant. surf, of humerus under ant. 
half of deltoid crest. 

Post. surf, of humerus on int. tuber- 
osity. 

Middle third of coracoid on tat. half 
of post. surf. 
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tions of body parts, for example: the ilium 
of mammals does not extend in either di- 
rection much beyond the acetabular re- 
gion, whereas in birds the ilium is ex- 
tremely long. Hence the iliotrochanteric 
muscles are peculiar to birds and not rep- 
resented in mammals or at least cannot 
be definitely horaologized (Hudson, 1947). 
The ambiens muscle, which originates on 
the pectineal process, is peculiar to birds 
and reptiles and is absent in mammals. A 
broad, fiat, triangular muscle, the iliotib- 
lahs, covers much of the lateral surface of 
the thigh. It is divisible into anterior, 
medial, and posterior parts. Gadow (Hud- 
son, 1937) considers the anterior part as 
absent in mammals, the middle part as 
homologou, „i,h u., 

ot namm,!, a„d the posterior part 
as homologous svith the m. ghuu, max 

oZ VV'"” Zee 

parts. The external and medial pa,K ma, 
the'inmrn? and 

authors but mostly from TUh 

man ( 1955 ^ thI ™ ^‘sher and Good- 

brea..,^ltV ;eI,ra“dlT"''‘ 

Jtmed in Tables^i and Z^a^ TJ”'’ 
brief statement of origin La , * 

each muscle. ® ™ msertion of 

Media! to the ev#> 

■n addition to the rixfoLT- 

m^veineu, of 

Pe2ag.^'"m cLct'rZf "e 

'ion of digits in "e win^""’’' "oi«- 

» 'be fufion I ZS Z ’ 

muscle masses and ihdr 


consequent multitude of origins. Centripe- 
tal placement of the muscle masses tends to 
produce long tendons, and in the legs es- 
pecially these are guided by well-developed 
fibrous sheaths, loops, grooves, and canals 
in bone and cartilage. Sesamoid bones are 
common and many tendons become ossi- 
fied. 

Breast muscle is composed of fiben of 
two size groups: the large are light in 
color, the small are dark. In addition there 
are many cytochemical differences (^Vatzka, 
1939: George and Naik, 1957. 1958, and 
1959; George and Talesara, 1962). 

VASCULAR SYSTEM 
Heart 


Tlie avian heart has its axis in the me- 
dian plane of the body. Its ventricles are 
nearly surrounded by the lobes of the liver. 
Like the mammalian heart, it is four-cham- 
bered and the circulation of blood through 
these chambers is similar in the two classes 
of vertebrates. Some of the distinctive fea- 
ures of the heart in birds, as found by 
(J526), Petrin (1926). Uchiyama 
(•928). and Wcsipfahl (1961), are as fol- 
ows. (I) Relative to body weight, it is 
mammals or rep- 
neither a ductus ortcnorirr nor a 
I'gcmcntum aumosum is present in chick- 
ns ui both structures have been reported 
lor other species of birds. (S) a distinguish- 
able losxa ovalh fails to persist after the 
cimure of the faramar, ovale in the embryo, 
l-i) plaques of cartilage are normally pres- 
1 of the semi- 

ih^ sometimes in the wall of 

common pulmonary artery. (5) 
teriM 2 coronary ar- 

pnaem mV' frequently 

betwfptn V. extensive anastomoses 

arteriM major coronary 

sinusQ^^^ Ihe Fu. minimae Thebesst and 
tricle n abundant in the right ven- 
in the septum.^ 

the closely applied to 

posteriori the heart but 

y around the ventricles and be- 



TABLE 12 (continued) 


Name 

Ori^n 

Insertion 

Af. /emorifibiaffs 
extern us 

Lower half of femur, on lab surf. 

Patella and patellar tendon via fem- 
on'tibfalii milius. 

Af, femoritibmlis 
mediut 

Most of ant. and lat. surfs, of femur 
bettv’n trochanter and condyle*. 

Patella and patellar tendon. 

Af. /emoriti6iafis 
intemus 

Afed. surL of the shaft of the 
femur. 

Afedial tihial crest. 

M. piriformis 

pars caudifemoralis 
pars iliofemoralis 

Posierolat. »urf. of pygostyle, 

1. Ilium caudal toilioischuttcfene*' 
tra. 2. Cauda) marg. of ischium. 

Med. surf, femur dist. distal to 

head. 

Af. semitendinostss 

I. Edge of Biocaudal spine. 2- Adj. 
coccygeal vert. 

On the ext. cnemial crest, continuing 
slightly distal to it. 

Accessorius semitendinosi 

Post. surf, of femur pros, to inter- 
condylar furrow. 

Via raphe so ibe belly of the semi- 
tendinosus. 

Af. semimembrariosia 

1. Vent. marg. of ischium— > most 
of caudal halt. 2. Lat. surf, of 
pubis opposite iscbiatic proc. 

Joins tendon of semitendisosus and 
has same insertion.. 

Af, bleeps 
femorit 

Donal pan of lat. wall of ilium in 
renal r^. above illioischiatic fenes* 

Tendon passes through biceps loop 
and inserts on a poscerolat tubercle 
of fibula (tom prox. end. 

Af, Isehiofemorclii 

Most of the lat. surf, of isdisutn. 

Lat. turf of femur at base of tro- 
chanter. 

Af, eblurosoT 
extern us 

1. BeciVn acetabulum and obtura- 
tor foramen. 2. Vent, to obturator 
foramen. 

Posterior marg of trochanter. 

Af. obturator 
intemus 

Mult, beads. Inner surf, of ilium, 
ischium, and pubis, above and cau- 
dal to the foramen. 

Lat. surf, of trochanter. 

Al. adductor longus 

et brevis, pars externa 

Laterovent. marg. of ischium in 2nd 
quarter of marg. 

Med. surL of femur betw’n base of 
trochanter and the condyles. 

Af. Adductor longtis 

et brevis, pars interna 

On pubis below acetabulum and 
(ben to laterovent. marg- of isdtium 

CO within Vi of it* caudal end. 

A line on medial surf, of lower of 

Abbreviations: 



adj. = adjacent 
ant. = anterior 
anterolat. = anterolateral 
betw’n E= between 
dist, = distance 
ext, — external 
iUoIat. — ilioiateial 
inf. = inferior 

(at. — lateral 

laterovent. = latcroveniral 
marg. = mar^n 
matgs = margin* 
med. = medial 
memb. = membrane 
mult. =: multiple 
posterolai. = posterolateral 

pasterocaed. = posteromediai 
proc. d process 
prox. proximal 

reg. z= region 
surf, vs surface 
surfs. surfaces 
vent. ventral 
vert. =: vertebra 
and vertebrae 


Based on diasefrions and notes by John A. Btair, D.VJiI — Avian Anatomy Project, and termi- 
nology of Hudson, LamiUotli and Edward* (195^. 

t'73 



TABLE 1.1 (eonlinued) 


I. Dorsal lip ot coracoid nilcus. 2 
Sternal spine. 3. Posteromedial surf, 
of clavicle, near head 


With tendon of subscapularis i 
tuberosity of humerus. 


Abbreviations' 
adj- = adjacent 
ant. 12 anterior 
anterolat. = anterolateral 
centr. = central 
C or eerv. — cervical 
dor, — dorsal 

dotsopost. ^ dorsoposterior 
ext, SK external 
int, — internal 
L s lumbar 


lai. = lateral 

M = musculus 

mai^. = margin 

margs — margins 

med s medial 

memb. s membrane 

P«t = posterior 

poMCToUi. — posterolateral 

posceiovem. » posterosenital 

proc, ss process 


proa. ~ processes 
prox, = proximal 
reg. = region 
surf. = surface 
T = thoracic 
tuber. = tuberosity 
unc. s uncinate 
vent. = ventral 
vert. = vertebra, 

vertebrae and vertebral 


SS and SS' Anatomy Project, and terml- 

See Hudson and Landllotti (196<) for suMivisfora. 


TABLE 15 

Mtiso-u OF Petvis AKO Thich 
Of THE Swcu COMt Wlina LtCHOlW Chickin* 


JW. diotrcehanitrinu 
poiteriof 

flf. IliatrochanitTiaa 

onterioT 

At. ihotrochantennu 
nedius 


MoJ *5 gluteal ilium ex- 

'IP* and a triangular area 

above the acetabulum. ^ 

Ant. ^ vent. matg. of gluteal ihum. 

of Sluteal Ilium 
to the aceubuhMo. ' 

Triangular area above and ant m 


™toi a, i,i„. 


Ant mare, of the lat. surf, of the tro- 
chanter (femur). 

Anterolat, surf, of shaft of femur just 
disal to trochanter. 

Distal end of anterolat. surf, of tro- 
chanter. 

Center of lat. surf, of trochanter. 


Posteromed. surf, femur % dist. dis- 
tal to head. 

Lat. side of head of fibula via the 
heads of the flexor perforatus mus- 
cles. 

L Med. part of patellar tendon. 2. 
Ant. tibial crest. 


1 Crest 


[ 16 ] 
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; Figs. l.H and 1.16 and some branches 
>m the cranial mesenteric in Fig. 1.10. 
Parietal branches from the aorta supply 
teries to the ribs, rib spaces, vertebral 
•uctures, and muscles through the aa. in- 
rcostales, aa. lumbales, aa. sacrales lat- 
ales, and aa. coccygica laterales. A pair 
, large vessels in both sexes, aa. spermali- 
•e internae, gives branches to the anterioi 
‘bes of the kidneys and to the adrenal 
'ands. In the female a large median ves- 
1, a. avarica, supplies the ovary and part 
i the oviduct, the branches of which are 
lown in Fig. 1,16. Other lateral branches 
ipply the remaining lobes of the kidney 
nd in the female, the lower oviduct, 
■reedman and Sturkie (1963) have invesii- 
ated in detail the arterial and venous 
apply to the oviduct, and have reviewed 
terminology for these vessels, making 
ame changes. (See page 44 for additional 
nformation on the vascular system in the 
etnale.) 

The most posterior unpaired branch of 
he aorta is the a. mesenterica caudalh, 
vhich anastomoses with branches from the 
ranial mesenteric artery. The major ves- 
els to the leg are the a. iUaca externa and 
i. ischialtca externa. The external iliac 
irtery gives rise to about 4 vessels includ- 
ng the a. femoralis. Most of the blood 
:upply to the leg as tvell as parts of the fe- 
nale reproductive system comes from the 
:xternal ischiatic artery of which there are 
tbout 22 named branches. (See also Ni- 
hida. 1963.) 

A short distance distaf to riie caudal 
nesenteric artery the a. sacralts medialis 
livides into a right and left a. pudendalis 
mlerna and a median continuation into 
the tail region as the a. eoccygica media. 
The internal pudendal artery gives rise to 
1 branch that supplies the internal obtu- 
rator muscle and a branch to the bursa and 
dorsal surface of the cloaca. 

A large branch from the intestinal ramus 
af the pudendal artery parallels the side 
of the cloaca and enters the carpm 
cavemosum (Barkow, 1829), a body present 
in male chickens (Fig. 1.14) but not in fe- 


males. It consists of a compact mass of 
capillaries tvith very little supporting tis- 
sue instead of the large vascular sinuses 
found in typical erectile tissue. Peripheral 
to these are arteries with thick muscular 
walls. The body has no structural connec- 
tion with the ejaculatory duct but its 
caudal tip lies beneath the round body on 
each side of the phallus. 

Wc recommend that the term, corpus 
cavemosum, be changed to glomus para- 
ctoacalis since Barkotv’s term as used by 
Gadow (1888) and most other writers 
identify this name with the large sinus- 
oidal erectile tissue associated with the 
phallus or ejaculatory duct. Nishiyama 
(1955) has used the term, vascular body. 

Veins 

A recent, comprehensive description of 
the veins of the chicken is not at present 
available. The work of Neugebauer (1845) 
is still a standard reference as well as the 
book by Gadow and Selenka (1891). Blood 
from the brain, deep and superficial mus- 
culature of the head, the ear, and the base 
of the skull drains by way of about 12 
major vessels into the jugular veins. An 
anastomosis in the region of the hyoid 
joins the right and left jugulars. Each 
jugular vein receives many branches from 
muscle, skin, and organs of the neck by 
way of about 9 major vessels of which the 
venebrals have the most extensive drain- 
age. Junction of each v. jugularis at the 
base of the neck with the v. subclavia forms 
fAe vena cava anterior (s. tr. dmcArceepA- 
nlica) (lANC, 1956). The subclavian vein 
receives blood from the wing and anterior 
p^rt of the thorax by way of the v. axil- 
laris, w. pectoris extemae, v. coracoidea, 
and t». slemafir. The left anterior vena 
cav-a crosses the dorsal surface of the heart 
to enter the right atrium at a point slightly 
apart from that of the right anterior vena 
cava. 

Blood from the viscera, boily wall, limbs, 
and tail is brought to tlie heart through a 
somewhat complicated system of channels 
involving two portal systems. Tlie termi- 
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yond it is drawn out into a large cone a 
tapers to a point within the ventral mesen 
tery between the liver lobes. 


Arteries 

In the following discussion the 
ogy proposed by Westpfahl (19 ) 
been used for major arteries in the chic ^ • 
This author has given an extensive revic 
of nomenclature. u i *»1 

From the base of the aorta at the ev 
of the semilunar valves arise the ”6"*^ 
left coronary arteries; each divides in 
deep and superficial branches. A ® 

large vessels, the aa. brachiocephaltcae, 
arise from the aorta just anterior to 


ccicardial sac; each ol these divides into 
. subclavia and o. corolis communis (Fi| 
17 ). The 0 . subdama, in the mgle 
iveen coracoid and scapula, divides into 
nmerous branches that supply the inner 
nd outer breast musculature and 
rhe first branch is the a. slertioctoiculofr. 
,l,icl. turns ventrally. crossing the cora 

Sli-e'Sr— 
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sternum, ribs, and associated muscles. (See 
also Nishida, 1960.) 

Two vessels arise from opposite sides of 
the common carotid artery near its point 
of origin, the a. oesophagica ascendens and 
the a. bronchialis. The former vessel sends 
branches to several important organs; 
those to the thyroid gland are the a. thy- 
TOidea craniahs and a. ihyroidea coudalis. 
As shown in Fig. 1.17, additional branches 
supply the parathyroids and ultimobranch- 
ial bodies. The carotid body lies between 
the carotid artery and the nodose ganglion 
close to the cranial or to the caudal para- 
thyroid gland (Chowdhary. 1955) and 
measures 0.8 X 0.5 X 0.5 mm. The ad- 
ventitial tissue of the small artery that en- 
ters the carotid gland has continuity with 
the capsule of the gland. Two types of 
cells are present: large, granular argyro- 
phils and small, darkly staining, nongfanu- 
iar. nonargyrophilic cells. These cells ex- 
tend into the tunica media of the nutrient 
vessel, and even into the wall of the ad- 
jacent carotid artery; the junction of these 
vessels forms the carotid sinus. 

3««nding esophageal artery sup- 

£ ‘he re^on ol 

the 4th cervical vertebra anastomo^ with 
a descending esophageal artery, from the 
external carotid by wav of fh- 7 

.yrmx, and pnn,„ ^ S™. tra.*aa 
Ot the thyroid gland (Fig I'nl 
“ ttetlehroh! which di, Je, i„ * “ 
and descending branch! A 
through the „„„7,La“”r 

important branch i, ,h. „ ™ 
vogi and a lesser __ ""wi 


along the venttal tide oUh7“S, “"S’ 
as'ong <“'> 

earotid and Bauntd ‘"'“ml 

name donal carotid. The 

the common carotid 


divides at the level of tlie intervertebral 
space of the second and third vertebrae 
into a. carolis externa and a. carofis in 
tema. 

The cxtcrn.ll carotid has the following 
major branches: a. occipitalis, a. faryngics, 
a. attriculnrit, a. facialis, and a. maxillaTis, 
each with smaller branches distributed to 
the stnictiircs in these named regions. The 
internal carotid enters the skull posterior 
to the external car canal. A large branch. 
a. ophthalmica externa, supplies the deep 
musculature of the head and a small a 
temporalis supplies the skin. Another 
brancli, <i. alvcolaris inferior, follows the 
mandibular ncn’c through the masseter 
muscle, supplies the palate and throat, anil 
extends to the nasal cartilage. The ti 
ophthalmica externa is a large branch dh 
tribuied to the eyelids, nictitating tnem 
brane, retina, eye muscles, and gbnds of 
the orbital space, and to the plexus lem 
poralls tli.it lies in the depression ot the 
skull above the ear opening, and according 
10 Gadow and Selenka (1891), arises be- 
ttveen the maxillary and mandibulsr 
0^ the trigeminal nerve. 

The internal carotid gives off an a. sphe- 
notdea before entering the cranial cavity 
and then supplies numerous vessels in and 
around the brain, some of svhich terminate 
on the upper lid and nose. Baumel (1962) 
tound that the encephalic arteries of the 
pigeon svere consistently asymmetric in 
*!f*'.,f"3ngement. and distribution: and 
the Illustrations by Kitoh (1962) svould in- 

i«te that asymmetry was present in the 
chicken also. 

The arteries to the viscera, legs, and tail 
are ranches of the descending aorta. The 
mwt anterior of these, the a. coeliaca, is a 
median, ventral vessel that supplies blood 
,j ® ^mphagus, proventriculus, gizzard, 
’ *P pancreas, and duodenum. An 
median branch from the aorta, <i 
l^,_ craniahs, anastomoses with a 

abniit coeliac and vascularizes 

intr ih of the intestine includ- 

branrh ends of the caecae. The 

es of the descending aorta are shown 
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in Figs. 1.14 and 1.16 and some branches 
from the cranial mesenteric in Fig. 1.10. 

Parietal branches from the aorta supply 
arteries to the ribs, rib spaces, vertebral 
structures, and muscles through the aa. in- 
tercostales, aa. lumbales, aa. sacrales lat- 
erahs, and aa. coccygica lalerales. A pair 
of large vessels in both sexes, aa. ipermali- 
cae internaci gives branches to the anterior 
lobes of the kidneys and to the adrenal 
glands. In the female a large median ves- 
sel, a. ovarica, supplies the ovary and part 
of the oviduct, the branches of whidi are 
shown in Fig. 1.16. Other lateral branches 
supply the remaining lobes of the kidney 
and in the female, the Jotver oviduct. 
Freedman and Sturkie (1963) have Investi- 
gated in detail the arterial and venous 
supply to the oviduct, and have reviewed 
the terminology for these vessels, making 
some changes. (See page 44 for additional 
information on the vascular system in the 
female.) 

The most posterior unpaired branch of 
the aorta is the a. mesinterica eaudalts, 
which anastomoses with branches from the 
cranial mesenteric artery. The major ves- 
sels to the leg are the a. iliaca externa and 
a. ischiatica externa. The external iliac 
artery gives rise to about 4 vessels Includ- 
ing the a. fcmoralit. Most of the blood 
supply to the leg as svell as parts of the fe- 
male reproductive system comes from the 
external ischiatic artery of which there are 
about 22 named branches. (See also Ni- 
shicla, 1963.) 

A short tUslsnce distal to the caudal 
mesenteric artery the a. saeralis medialis 
divides into a right and left a. ptidendalis 
interna and a median continuation into 
the tail region as the a. coccygica media. 
The internal pudendal artery gives rise to 
a branch that supplies the internal obtu- 
rator muscle and a branch to tlie bursa and 
dorsal surhice of the cloaca. 

A large branch from the intestinal ramus 
of the pudendal artery parallels the side 
of the cloaca and enters the corpus 
cavemosim (B-irkow. 1829), a body present 
In m.sle chickens (Fig. 1.14) but not in fe- 


nules. It consists of a compact mass of 
Capillaries with very little supporting tis- 
sue instead of the large vascular sinuses 
found in typical erectile tissue. Peripheral 
to these are arteries with thick muscular 
Walls. The body has no structural connec- 
tion with the ejaculatory duct but its 
Caudal tip lies beneath the round body on 
each side of the phallus. 

We recommend that the term, corpus 
cavemosum, be changed to glomus para- 
cloacatis since Barkow's term as used by 
Gadow (1888) and most other writers 
identify this name with the large sinus- 
oidal erectile tissue associated with the 
phallus or ejaculatory duct. Nishiyama 
(1955) has used the term, vascular body. 

Veins 

A recent, comprehensive description of 
the veins of the chicken is not at present 
available. The work of Neugebaucr (1845) 
is still a standard reference as well as the 
book by Gadow and Selenka (1891). Blood 
from the brain, deep and superficial mus* 
culature of the head, the ear, and the base 
of the skull drains by way of about 12 
major vessels into the jugular veins. An 
anastomosis in the region of tlie hyoid 
joins the right and left jugulars. Each 
jugular vein receives many branches from 
muscle, skin, and organs of the neck by 
Way of about 9 major vessels of which the 
vertebrals have the most extensive drain- 
age. Junction of each v. fugularis at the 
base of the neck with the v. sultclavia forms 
the vena cava anterior (s. v. brarhioreph- 
alica) (lANC, 1956). The subclavian vein 
receives blood from the wing and anterior 
part of the thorax by svay of the v. axil- 
laris, w- pectoris extemae, r. cvracoidea, 
and V. stemalis. The left anterior vena 
casa crosses the dors.tI surface of the heart 
to enter the right atrium at a point slightly 
apart from that of the right anterior vena 
cava. 

Blood from the viscera, body wall, limbs, 
and tail is brought to the heart through a 
somewhat complicated sjstem of channeli 
involviiig two portal systems. The termi- 
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nology for the veins in the kidney region 
has been taken from Spanner (1925). (See 
also Portmann, 1950.) A pair of vu. 
pogaslncae (s. w. iliacne intemae) drain 
blood from the tail and caudal parts of the 
body. At the posterior end of the kidney 
they are joined by an anastomosis that re- 
ceives in the mid-line the v. eoccygomexen- 
terica collecting blood from the terminal 
end of the digestive tract (Fig. l.!5). 

The hypogastric, coccjgomesenteric, is- 
chiatic, and external iliac veins contribute 
blood to the renal portal vein (v. renaifi 
afferens). Beyond the capillaries, the blood 
is recollected in the v. renolis eSerem, a 
prominent vein on the ventral side of the 
kidney. Near the anterior end of the or- 
gan, the pair of efferent veins unite to 
form the veva cava inferior. A horseshoe- 
shaped valve intervenes between the con- 
tinuation medially of the external iliac 
vein and the eilerem vein; this valve h 
under the control of the autonomic sys- 
tem Sperber (I960) observed that blood 
of the renal portal system svas distributed 
to the tubules only and the glomeruli re- 
ceived only arterial blood. 

The posterior vena cava ascends to the 
heart through the right liver lobe. Before 
entering the right atrium it receives the 
w. hepalicae which drain the liver. At the 
atrium its entrance is guarded by the right 
and left sino-atrial valves, which also func- 
tion to close the openings from the right 
and left anterior venae cavae. 


Lymphatic Vessels 

Sign.fiatu comiibutions to tht anatom, 
of the lymphatic .ystem of the pigeon ant 
fowl have been made by Lauth (1824) 
Josifolf (1930), Baum (1930), and Drans 
Tram 

mann, 1933, for a brief review.) The chan 
nels atsociated with the major viweral ai 
let.ei and veins are illuitrated by Gadov 
e, " (>*31) Lymph heato, cha™ 
tensile of fish, amphibia, and reptiles ma 
be present tn some birds but are ahse’nTi, 
most species. They have been ■ 

chick embryos but not in adult birds. 


Lymph vessels, possessing valves, are 
present in all classes of vertebrates but 
birds have fewer than mammals, and the 
number of vessels appears to decrease with 
age in birds. In the peripheral structures 
of the body the lymph vessels closely follow 
the veins or sometimes both veins and 
arteries; in the visceral parts of the body 
the lymph vessels follow the arteries but 
in the licart they follow neither. Lym- 
phatic vessels are found in all parts of the 
body, skin, muscles, joints, bone marrow, 
and even in the follicles of remiges and 
rectriccs. Only a few channels are present 
in the liver, and in the spleen these are 
limited to the capsule. 

Lymph drainage from head, neck, and 
part of the shoulder follows the jugular 
veins into which vessels it empties on the 
tight and left sides shortly anterior to the 
subclavian veins. Lymph drainage from 
the rem.ainder of the body converges to 
the thoracic ducts on each side of the 
aorta and empties into the right and left 
anterior venae cavae. 

Lymph nodes are generally absent in 
birds except that a few may be found in 
ducks, geese, and some other aquatic birds 
in the cervical and caudal regions of the 
body. Occasionally thymus lobes have 
been mistaken for lymph nodes. Plexus 
or rcte formation along lymph channels 
has been found in all classes of verte- 
brates, although in only a few locations in 
mammals. These lymph plexuses in non- 
mammalian classes have been regarded as 
homologous with lymph nodes of mam- 
mals because they occur in such areas as 
submaxillary, axillary, inguinal, popliteal, 
abdominal, and similar regions (Drans- 
field, 1944). 

The histology of lymph nodes in aquatic 
birds has been described by Fleury (1902), 
Pensa (1907), Jolly (1910), and its embryol- 
ogy by Further (1913). The rete nature of 
the gland is demonstrated in its develop 
ment. Some have suggested that the lym- 
phoid accumulations found concentrated 
to v^ious degrees in the avian body were 
equivalent to mammalian lymph nodes 
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(Kihara and Naito, 1933; Kondo, 1937; 
Biggs, 1957). To Lucas (1951), Lucas et 
al. (1954), Denington and Lucas (1960), 
and Oakberg (1950), these are ectopic lym- 
phoid foci, and are probably centers of re- 
action to extrinsic pathogenic and non- 
pathogenic stimuli. There are, of course, 
normal concentrations of lymphoid tissues 
such as those of thymus, spleen, doacal 
bursa, and follicles within the intestinal 
wall. It is questionable to these authors 
if lymphoid accumulations are normally 
present in the bone marrow of the chicken, 
although they are so regarded by Kanesada 
(1956). 

Limitations of space prevent a risumi 
of vascular histology. Morphology of 
blood cells in various stages of develop- 
ment has been presented by Lucas and 
Jamroz (1961). 

NERVOUS SYSTEM 
Central Nervous System 

The same 3 meninges are present in 
birds as in mammals (Hansen-Pruss, 
1923). Between the periosteum lining the 
vertebral canal and the dura mater (pach- 
ymeninx) are scattered epidural spaces and 
beneath this membrane are subdural 
spaces. The leptomeninx is composed of 
arachnoid membrane, arachnoid trabec- 
ulae crossing the subarachnoid space, and 
the pia mater. The last closely invests the 
brain and spinal cord and carries the vas- 
cular supply to these tissues. Ligamentale 
idinxicuibt'a, present m eacd segment" o/ 
the cord and composed of duralikc con- 
nective tissue, suspend the cord trans- 
versely between dura and pia. The sub- 
arachnoid space carries the cerebrospinal 
fluid. The space extends caudally as far 
as the sinus rhomboidalis and anteriorly 
as far as the prosencephalon, thus spread- 
ing over the dorsal and lateral portions of 
the brain. 

The embryonic development of the 
plexuses and cerebrospinal fluid has been 
followed in the chick from the third to the 
ninth day of incubation (Cohen and 


Davies, 1937). The extensive thin roof of 
the fourth ventricle permits the passage of 
fluid from the cerebrospinal canal to the 
embryonic meningeal tissues. 

The axis of the brain in relation to the 
axis of the skull varies a full 90° among 
various species of birds (Cobb, I960; Port- 
mann and Stingelin, 1961) and is asso- 
ciated with the position and size of the 
orbit. The brain of the chicken nearly 
parallels the head axis. 

The ratio of the size of the olfactory 
bulb to the cerebral hemisphere varies 
from 5 to 33 per cent. The ratio for the 
turkey is 13 per cent. The sense of smell 
in birds is apparently less than in mam- 
mals and among avian species it is variable 
(Cobb, 1960). The bulb contains a cavity 
continued from the lateral ventricle of the 
hemisphere. 

The cerebral hemispheres are consider- 
ably larger in birds than in reptiles, yet 
nearly all of the avian hemisphere is ho- 
mologous to the basal nuclei of the mam- 
malian brain. On the dorsal surface is a 
groove (vallecula) arising from the median 
fissure and extending laterally and poste- 
riorly (Fig. 1.7). The sagittal elevation me- 
dial to the vallecula represents the neopal- 
lium (byperstriatum) that perhaps is equiv- 
alent to the mammalian neocortex. A 
small area at the lateral surface of the 
avian hemisphere, called the palaeopal- 
Hura, represents the well developed olfac- 
tory lobe (pyriform area) of mammals. 

TTte major cavity of the ventricle lies 
aujacent to ide mealan waiV oi*' tile" ileim- 
sphere but in the posterior part it is a 
flattened cavity that extends to the lateral 
side of the hemisphere and at the posterior 
pole it separates the neostriatum from the 
peripheral portion. The chorioid plexus is 
limited to the caudo-ventral portion of the 
ventricle. 

The diencephalon, located between the 
cerebral hemispheres and the laterally 
placed optic lobes, carries on its ventral 
surface the optic chiasraa and the pituitary. 
The large thalamus is a product of the 
sensory alar plate, and only the small 
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h)i)0th3lamus is densed from the motor 
hjsal plate. Tlie internal architecture of 
the dicncephalon and some nuclei of the 
itlcnccphalon and mesencephalon is 
giscn in detail by Huber and Crosby 
(1029) Recently van Tienhoven and Ju- 
hasz (19C2j ha\e prepared a brief atlas of 
similar centers for the chicken. Jungherr 
(1915) has identified the nuclei of the 
mesencephalon. The embryology of the 
<nipui stratum and palltal layer has been 
gi\en in detail by Ilaefelfinger (1958) and 
llie colu.ioniry diie.Bences by Stinqclin 
(tOjS). ^ 


1 be morpliology ol ibc avian cerobd- 
bim has been exhaustively studied by 
Larseil and Whitlock 
and briefly suintnarited by Port- 
mann and Stin;elin ( 1901 ) Some ot the 
part, are labeled ,n Fig. 1.7, The medulla 
or bttdt ts ssell developed ,u the vestibu- 
lar t^on. and arsociatcd svith this it a 
Mlldcselopeil neiter's nucleus receiving 
flteri Itnrn the cerebellum. Pontine fibett 
and )»„„„e „„e|ci are svell developed 
alto. The deselopment ol the hypoglorsal 
nerse and its associated nuclei is related 

ihemditationolthetonguerihulu^^^^^^^^ 

among diflcrcnt species of birds. 

Ihe spmal cord lies within the neural 

::;:f7rm,e;'„“raVd'^er:Si"Lr"° 

■F«-»p....oi"s,iKe"rrr’w:c".;-- 
'•'y approximately in ft,r • • , 
l-Scmcnt, ot,he'c„;, ar^n 

''Sion. o! the Plnuri-bmE”'/",^'’ 

and pudemlal (Goto '', 

fl.uT.rmtadr'''" <’■ 

■’'■hb.pinaTrordr.U"'’""™' 

'«J«'*tic plcsui. It i, a 

'<> bif.h. Tlie deiaiU nf peculiar 

bc^ tqxirted bv CanR *!^**®P™eni 


chicken embryo during the seventh to the 
thirteenth day of incubation. There is 
first an invasion of meningeal vessels into 
the ependymal cone, then a swelling of 
the cells and the body expands laterally 
against the neural portion of the cord. The 
Icptomemnx lies outside the sinus rhom- 
boidalts. The spinal canal remains closed 
beneath the glycogen body. Therefore the 
sinus does not represent a failure of the 
embryonic neural ridges to close but is 
rather a specialized modification of the 
cells of the dorsal ependyma and alar 
plate. Dickson and Millen (1957) deter- 
mined that the glycogen body is partly 
imrapial and partly subpial; the latter 
portion surrounds the central canal. 

A maiginal paragriseal column extends 
most of the length beneath the lateral 
surface of the cord and is visible grossly 
in the region of the ischiatic plexus. 


Croniol and Spinal Nerves 
Birds have 12 cranial nerves as do mam- 
mals; the existence of an accessory nerve 
m birds has been questioned by some (Van 
Tyne and Berger, 1959) but our dissections 
SJ'S- ;•’) agree with those of Cords (1904). 
■ ^Clonus (1) arises from the olfactory 
k ° »p terminates in the superior con- 
arises from the optic 
lastna beneath the thalamus and passes 
aietally to enter the medioventral part of 
the optic globe. N. ocuhmotorius (HI) 
arises from the mesencephalon close to the 
m'd-Iine and innervates the superior, an- 
wor, and inferior recti and the inferior 
oblique muscles. The ciliary ganglion, lo- 
inf • *” between superior and 

oculomotor nerve, 
•pt the pecten, and the ciliary zone. 

onPittf^i”^- t^^ceives a branch from the 
nerve of the trigeminal. (See 
er. 1906. for details of the deve op- 
ntw of nerves in this area.) 

the (IV) arises from 

down^. . “nd passes 

bellum In the cere- 

muscle r the superior oblique 

">«cle. Cord, (1901) describes a communi- 
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eating branch with the trigeminal that we 
did not observe. 

The origin of n. trigeminus (V) from the 
floor of the brain as well as the semilunar 
ganglion is partly covered by the optic 
lobe. The ophthalmic nerve, the first 
branch of the trigeminal, extends forward 
along the ventral edge of the cerebral hem- 
ispheres and thence laterally along the 
superior rectus and the superior oblique 
muscles, arriving at the dorsal part of the 
nasal septum. Many branches are distrib- 
uted to the nasal area. 

The maxillary nerve of the trigeminal 
has many branches, some to the region of 
the tempora} plexus (p. 20), a branch 
above the eye to the nasal region, and a 
branch below to palatine and maxillary 
regions. The third branch of the trigem- 
inal, the mandibular nerve, innervates 
many muscles and glands of the jaws and 
face and carries afferent fibers. (See G)rd$. 
1904; Lakjer, 1926; Starck and Barnikol, 
1954, for details.) 

N. abducens (VI) arises from the floor of 
the medulla, near the mid-line between the 
origins of the right and left trigemtnals, 
and innervates the posterior rectus, the 
quadraius. and the pyramidalis muscles. 
The n. facialis (VII) also arises from the 
floor of the medulla beneath the flocculus. 
It extends a short distance to the dorsal 
margin of the ear where it divides into its 
two main branches, at which point is a 
small geniculate ganglion. An anastomos- 
ing network is present above the ear from 
which an anastoraatic branch extends to 
the semilunar ganglion. We are uncer- 
tain of the identification of the chorda 
tympani nerve; our dissections did not 
agree in all details with those of Cords 
(1904) and Yntema (1944). Smith (1941) 
failed to find any branch joining the fifth 
and seventh nerves in the turkey. 

We were unable to obtain a good dis- 
section of the n. acuslica (VlII) and in 
Fig. 1.7 it is shosvn as a short stump. The 
nerve arises from the side of the medulla 
dorsal to the origin of the seventh nerve. 
Cords (1904) observed a ramus anterior 


and ramus posterior; the former sending 
branches to utricle, lateral and anterior 
ampullae, and the latter, to the posterior 
ampulla, sacculus, and cochlea. 

N. glossopharyngeus (IX), n. vagus (X), 
and n. accessorius (XI) arise as a group of 
rootlets from the side of the medulla. The 
glossopharyngeal emerges from the ante- 
rior edge of the superior ganglion of the 
vagus. The accessory nerve is embedded 
on the opposite side of the same ganglion. 
The ninth nerve parallels the vagus 
caudally and ventrally. Beneath the hyoid 
(here is a conspicuous anastomosis, im- 
mediately proximal to which is the infe- 
rior (/. petrosal) ganglion ot the ninth 
nerve. About midway between the origin 
of the ninth nerve and its ganglion is the 
superior cervical sympathetic ganglion, 
with branches forward to the facial nerve, 
and ventrally to form a plexus around the 
carotid artery. It also sends an anasto- 
mosis to the hypoglossal nerve and presum- 
ably continues within the network between 
the twelfth cranial and first cervical nerves, 
to contribute to the sympathetic trunks 
on each side of the spinal cord. 

The distribution of the vagus along the 
neck and to the visceral organs has been 
described by Watanabe (1960) in the fowl 
and Malinovsky (1962, 1963) in the pigeon. 
In the region of the parathyroid glands 
there is located the nodose ganglion (Fig. 
1.17). The loops of the recurrent laryngeal 
nerves include the pulmonary artery on 
the right but not on the left. 

The atxessory nerve has been variously 
described. The arrangement shown in 
Fig. 1.7 agrees with that indicated by Wat- 
anabe (1960). The n. hypoglossus (XII) 
arises from the motor area of the medulla 
by two roots (Cords, 1904; and illustrated 
in Hughes, 1934-35) and gives brandies to 
larynx, trachea, tongue, and hyoid in addi- 
tion to anastomoses with adjoining nerves. 
Smith (1941) states that in (he turkey, the 
hypoglossal is fused with a branch of the 
glossopharyngeal nerve. 

The first spinal nerve emerges between 
the skull and atlas (Huber, 1936; Goller, 
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1962) and thus each succeeding spinal 
nen-e issues from the vertebral canal 
through the intervertebral foramen. Each 
spina! nen-e lies anterior to its same num- 
bered vertebra. The first cervical nerve 
lies ivithin the cranial cavity and emerges 
through the foramen magnum. It inner- 
vates most of the neck musculature ad- 
jacent to the head. The remaining cervical 
nerves are small as far as the level of the 
brachial plexus. This plexus is composed 
of cetvicals 15 through 17 and thoracic I. 
a total of 4 nerves. Yasuda (I960) and 
Goller (1962) show nerves. ... and 
Howell (1937) shows nerves C,, involved 
in the plexus in the chicken. Variability 
in plexuses has been carefully studied by 
F„rb,,„ge. (1888), G.dow ,„d Sd,„ka 
(18J1). and recently by Baumel (1958) 

In the pelvic region the plexus lumba^^ 

L?' fo««h 

0962) shows 4 nerves in this plexus. The 
uchMiciu (,. sKTclis) is composed 
of a caudal ramus from the first sacral 
nerve and nerves from sacrals 2 through 5 
Goller (1962) shows that 6 spina nfrv« 

™m he fi,s..wo o,d.eL„dalveXS 

separation from the mL‘ndl7 

the remainder of tin.^ j plexus and 

■033). Baotr pet"'; c <*”“■ 

Slates that in the pigeon .“'"”“■”‘=■■■ 0 ") 

.oTr™^fnd'frg‘tnh'eT?‘r‘’’”“ 

-eviessed b? Bnchhliwigl'i' ■«,« 
Gadow and Selenka 

61; Fisher 1946- 1969- 

1955.) ®’ Lanzillotti. 


Autonomic Nervous System 
Two sets of fibers, acting complementary 
to one another, form the parasympathetic 
and the sympathetic components of the 
autonomic nervous system. Portmann and 
Stmgelin (1961) have given a useful di- 
agram of the bird’s autonomic system; the 
relation of the sympathetic trunk to the 
cranial and spinal nerves is shown by 
Huber (1936) for the pigeon. Hammond 
and Yntema (1917, 1958) and Yntema and 
Hammond (1945) have given detailed re- 
constructions of the autonomic system in 
the chick embryo and in the hatched chick 
8 days old. Hsieh (1951) has described in 
great detail the anatomy of the sympa- 
thetic and parasympathetic nervous sys- 
tem of the fowl, tracing the small branches 
to the various organs of the body. Included 
>s an extensive coverage of muscles, arter- 
ies, and veins. A brief summarization is 
given by Grahame (1955). 

The sympathetic trunk begins at the 
superior cervical ganglion (Fig. 1.7) and 
extends to the level of the sixth coccygeal 
vertebra. Hsieh (1951) counted 87 pairs 
0 ganglia. The interganglionic cord di- 
VI e$ to pass above and below the trans- 
rfiT* of those vertebrae bearing 

rios. The splitting of the cord is more 
conspicuous in the anterior end of the rib 
senes than caudally. The cord in the mid- 
I ^ (Tj-L,) gives rise to well de- 

veloped branches distributed by way of 
visceral organs. Hsieh 
«on» communicating rami were ab- 

i_,, in the anterior ganglion and 

g»8lia and in the caudal 

Sc J “^all, 

ramus of each spinal nerve ran 
far»-^ °n *be dorsal and lateral 

a^of as sympathetic ganglion and re- 
ceived sympathetic fibers directly. 

Sensory Receptors 

sensory end-organs, the 
thefnir f^^cposcles, are present 'near 

featS?” and in non- 

teathered areas (Winkelmann and Myers. 
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1961). These lamellar structures are very 
numerous in the dorsal dermal layer of the 
claw and in the beak, especially of ducks. 
They are present around the joints and be- 
tween the tibia and fibula (Schildmacher, 
1931), in the hard palate, and in the eye- 
lids. Winkelmann (1960) recommends that 
the synonyms, Herbst, Rauber, and Leydig 
corpuscles, be dropped because these are 
all identical structures. Schildmacher 
(1931) has identified the layers of a Vater- 
Pacini corpuscle from the central nerve 
outward as inner bulb (s. granular layer), 
inner lamellar layer, outer lamellar layer, 
and connective tissue capsule. He has sug- 
gested that these corpuscles are vibration 
receptors. 

The Grandry corpuscle is characterized 
by having 2 or more cells, oval in shape 
and flattened. Their central surfaces are 
slightly concave and within this space is a 
tactile disc that receives the terminal net- 
work of the axon. Each of these tactile 
bodies is supplied by a myelinated nerve. 
These corpuscles are common in the beak 
of ducks (Portmann, 1961a). 

Taste buds are not concentrated on 
specialized papillae as in mammals but are 
distributed as isolated follicles on the base 
of the tongue and floor of the pharynx 
(Lindenmaier and Kare, 1959; Moore and 
Elliott, 1946). Duncan (i960) pointed out 
that birds have fewer than one hundred 
taste buds whereas mammals have many 
thousands. The details of structure are 
shown by Portmann (1961a) who considers 
that the chief difference from mam- 
malian taste bud follicle is a peripheral 
concentration of small sheath cells, but 
such a sheath was not seen by Greschik 
^ (1917) in an Amazon parrot. Avian taste 
buds may be composed of a few cells that 
merge with the epithelial cells or may be 
distinct groups of cells often associated 
with ducts of palatine glands (Botezat, 
1910). 

The olfactory nerves from the posterior 
, concha of the pigeon and chicken are a 
' discrete bundle provided with a connective 
, tissue sheath (Locatelli. 1927) but in vul- 


tures, albatrosses, and oilbirds, that are 
sensitive to dilute odors, there are a multi- 
tude of delicate strands beneath the ol- 
factory epithelium (Bang, 1960). 


Special Sense Organs 

The eyes of birds are large relative to the 
size of the head, yet without certain struc- 
tural modifications as discussed below, they 
would need to be even larger to function 
as effectively as they do. Cones are much 
more abundant per unit of retina (outside 
the fovea) of birds than mammals, and 
since the ratio of efferent nerve fibers is 
approximately 1:1 for the cones and rods, 
the optic nerves of birds are relatively 
large. Pumphrey (1961a) has pointed out 
that the visual acuity in the fovea is about 
the same in birds as in mammals but that 
birds have a much greater range of accom- 
modation, and because cones are more 
numerous outside the fovea, birds can 
maintain an accurate view of a wide field 
whereas the sharpest field for man is lim- 
ited to 2.5*. 

The fovea of birds lies in an area cen- 
tralis. It may be a circular elevated area 
surrounding the fovea or it may be a streak 
across the retina in a horizontal plane. 
The latter is found mostly in species hav- 
ing an aquatic habitat. The concentration 
of cones in the area is even greater than in 
the fovea. A comparative study of the 
ocular fundus of most orders of birds has 
been given by Wood (1917). 

The pecten in birds is a black vertical 
fan or comb that overlies the optic nerve, 
lu shape is variable among different spe- 
cies of birds. In the chicken it has the 
form of a trapezoid; its base is 8 mm. and 
its tree edge 5 mm. long. It carries numer- 
ous vessels and is thrown into 5 to 30 folds. 
Oeuils of structure are given by Seaman 
and Storm (1963) and Seaman and Himel- 
farb (I9G3). It has been suggested that the 
pecten functions as a screen to reduce the 
light that would enter both eyes simul- 
taneously and in this way helps to retain 


monocular vision. 

The ear of birds is composed of three 
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nirts, an external auditory canal, a middle 
car crossed by a columella, and an inner 
ear divided into a superior part with srai* 
circular canals and utriculus, and an infe- 
rior part composed of sacculus, cochlea, 
and lagena. 

Birds lack, an external auricle. The ex- 
ternal opening is covered with coarse 
feathers that probably reduce the noise of 
air mosements across the canal and ex- 
clude insecu. A tympanum forms ihe 
boundary between outer and middle ears. 
Implanted on its inner surface is the col- 
umella, a trumpet-shaped bone. The disc- 
shaped foot of the stapes (columella) fills 
the space of the oval tvindow and adjacent 
to it IS the round window that also is cov- 
ered by a membrane that retains the endo- 
lymph fluid. The oval and round svindows 
respond reciprocally to the vibrations 
transmitted through the stapes to the oval 
window, Pressures within the middle ear 
are equalized through the auditory canal. 
Air cells in some of the head bones also 
connect with the middle ear cavity. 

The utriculus is a sac-shaped structure 
into which open the three semicircular 


in the same way as in mammals but svould 
appear to have a more limited range (see 
Pumphrey, 1961b). The lagena is a static 
organ and at its tip is the macula lagenae 
functioning as does the macula saccuU. 
Measurements of length and volume for 
the inner car of the chicken have been pre- 
sented recently by Watabe (1960). 

RESPIRATORY SYSTEM 
Nose, Pharynx, and Trachea 

The nose occupies a triangular space be- 
tween external nares and the margin of 
the eye. Between the nose and the integu- 
ment are the lacrimal sinuses that empty 
into the nasal cavity through the latera 
wall. A septum divides the pair of nasal 
cavities. Tlte lateral walls of the cavity 
have three conchae, anterior (squamous), 
metlial (ciliated), and posterior (olfactory)- 
(For the anatomy of the respiratory system 
of the turkey, see Cover, 1953a, b, c.) 

Mucosa] glands of the lateral and septal 
walls are arranged in rows separated by 
ciliated cells (Bang, 1961). The ciliary 
currents follow the rows; there is a spiral 


canals, the horizontal canal has its ampulla 
with Its sensory crest at the anterior end. 
Joining It is the ampulla for the anterior 
canal, which generally is the largest and 
whicli caudally unites with one end of the 
posterior vertical canal. The fatter has its 
ampulla near the sacculus. Within the 
sacculus are flattened sensory discs, macula 
utriculi and mactifa neglecta; the latter is 
absent m mammals. 


The sacculus, located at a 40" angle in- 
ferior to ilie utriculus, is joined to it by a 
short duct. From it arises a short endo- 
lymphatic duct that penetrates the dura 
of the brain cavity and terminates as she 
endolymphatic sac Arising from the sac- 
culus IS a slightly curved finger-shaped 
structure, the cochlea, which is not coHM 
as in mammals but has the same three 
canals, scala vesUbuli, scah media, and 
fcala tympani. The tegmental membrane 
s cellular and is throsvn into several folds. 
The basilar membrane probably functions 


path across the middle concha, and from 
the middle meatus the direction of flow is 
toward the roof of the pharynx. The pat- 
tern of ciliary currents on the septum cor- 
responds approximately to that on the 
lateral wall. When young chickens are de 
prived of water the mucous flow becomes 
sluggish and erratic (Bang and Bang, 
1961). The mucus on the nonciliated ol 
factory epithelium is removed by the trac- 
tion from the ciliary activity that sur 
rounds the olfactory area. 

The nasal gland (s. salt gland) is small 
in the galliformes and lies lengthwise 
against the roof of the orbital cavit) 
Functionally it supplements the kidnq* 
by reducing the electrolyte content of body 
fluids when the level is higher than can h^ 
handled by the kidneys. It has a partic- 
ularly important function in marine birds 
where the salt load is especially great. 

Its embryology the gland arises from the 
nasal cavity. It extends forward under the 
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maxillary process of the nasal bone and 
its duct empties into the middle meatus 
through a narrow slit (Technau, I9S6). In 
marine birds the gland usually lies on the 
dorsal surface of the frontal bone near its 
lateral margin as shown by FSnge et al. 
(1958) for the herring gull. The organ is 
divided into lobes and each of these lobes 
has secreting tubules arranged around a 
central canal. The organ is supplied by 
branches from both internal and external 
ophthalmic arteries whose capillaries have 
the radial pattern of the tubules. 

Scothorne (1959) determined in the do- 
mestic duck that the cytoplasm of the se- 
cretory cells was densely packed with 
mitochondria and that the secretion pro- 
duced was neither mucoid or serozymo- 
genic. Doyle (19G0), using the electron mi- 
croscope, observed that the secretory cells 
of the salt gland in the black-backed gull 
(Larus marimu) were packed with narrow 
canals oriented between base and apex of 
the cell. A salt load caused these spaces to 
enlarge. 

The palate is in part soft and in part 
hard. Between each right and left half Is 
a longitudinal slit that provides a passage- 
way from nasal to oral cavity (Fig. I.IO). 
The anterior part of the pharynx begins 
betsveen the choana and the common open- 
ing for the auditory tubes. Tlic entire base 
of the tongue is located svithin the phar- 
ynx, whereas the tip lies within the mouth 
cavity. Behind the base of the tongue is 
the rima glo/ti'dis or opening of the tipper 
larynx. An epiglottis is absent in birds. 
The shape of the upper larynx is main- 
tained by the cricoid and aiytenoid carti- 
lages— a thyroid cartilage is alwent in birds. 
The ojxning leads to a tubular trachea 
supported by complete cartilage rings. 

> Half of each ring is wide and half narrow, 
i Tliesc wide anil narrow parts alternate 
I with those of adjacent rings. 

ImmeiliatcU aliosc and below the bi- 
furcation of tile trachea is a moilificil area 
'that forms a jyrinx or lower larynx. There 
.-is a pair of external tympanic membranes 
;<on the lateral lurlnces of the syrinx and a 


pair of internal tympanic membranes on 
the medial surfaces of the primary bronchi 
in the region of the pessulus. The syrinx 
is composed of 4 groups of skeletal ele- 
ments. namely the 4 tracheal rings above 
the syrinx proper, the first 3 broncliial 
half-rings below the bifurcation. 4 inter- 
mediate syringeal cartilages located be- 
tween the two groups mentioned, and fi- 
nally a bony pessulus (Myers, 1917). In 
many species of clucks there is an enlarge- 
ment of the syrinx in males, the tmcheal 
bulla. 

Tliree pairs of striated muscles support 
the upper larynx and trache.a; (1) the 
combined thyroglossus and the thyroliyoi- 
dcus from the dorsal surface of the basihyal 
to the ventral surface of the cricoid carti- 
lage, (2) the tracheohyoideus that extends 
as bands along the side of the trachea from 
the sternal spine to the posterior end of 
the cricoid cartilage, and (3) the sterno- 
trache-alis from the medial surface of the 
anterolateral spine of the sternum along 
each side of the trachea to the upper 
larynx (Myers, 1917). 

lungs and Air Sacs 

Air is brought to each lung by a primary 
bronchus that continues through the 
length o[ the lung as an S-shaped tube, the 
mesobronchus, and ends in an abdominal 
air sac. Secondary bronchi arise in 4 
groups from each mesobrondius, 4 ventro- 
medial. G clorsomcdial, C lateral, and about 
20 dorsal. Tlie parabronchi (tertiary 
bronchi) arc in the form of foops anif 
usually join an anterior and a posterior 
group of secondary bronchi (Juillct, 1912: 
Locy and Larsell, IDIG; King, IDjC). Air 
capillaries pass radi.vlly from the lumen 
of the parabrondius and intermingle with 
the blood capillaries svhich unite inter- 
lobular pulmonary arteries and veins. 

An extensive system of afr saa is i>e- 
culiar lo binls (Tig. 1.8). Tlicse arc thin- 
ss'alicci oulpocketings from the bronchi of 
the lungs that extend around the visceral 
organs anil into many of the Ixrnes. Tftc 
Imtirs of the skull contain pneumatic ov- 
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ilies but these are not connected to the air 
sacs. These develop as outgrowths of nasal 
and middle ear cavities. Six pairs of air 
sacs arise in the chick embryo from the 
secondary bronchi and the last pair from 
the caudal end of each mesobronchus. Dur- 
ing development there is a fusion of the 
second and third pairs both across the 
mid-line and anteroposteriorly to form the 
large interclavicular air sac (Locy and 
Larsell. 1916). This air sac has about 
three primary chambers and several sec- 
ondary ouipocketings or diverticula; the 
most extensive is a group of axillary di- 
Z. joint lying 

mS Vh r'°"' "“P™»«oid 

horn one „( „.e„ b, a „„„„ 
enter the proximal end of this bon.. 
Uirough tht pneumatic loramen. Other 
iliterl.cula erienj i„,„ „,e i„, """ 

Sternum, the daviftp. ,r.A 0‘ 

» • T ^“‘leies, and coracoids. The 


The most anterior air sac, the cervical, 
lies above the esophagus and the main 
chambers fuse across the median line. Four 
longitudinal trunks extend forward with 
many cross connections in and around alt 
of the cervical vertebrae except the first. 
Diverticula penetrate the anterior thoracic 
vertebrae also and the vertebral members 
of the first and second thoracic ribs. (See 
also King. 1957.) 

*^e anterior and posterior pairs of tho- 
racic air sacs are located ventrally and 
caudally to the lungs and have no divenic- 
ula. The turkey has only one pair of air 
sacs in the thoracic region (Cover, 195Sc: 
Lucas and Denington, 1961). The abdom- 
inals form the largest pair of air sacs and 
inv«i the pancreas, duodenum, the coils 
w the intestine, the caeca, and gonads and 
the left abdominal air sac surrounds about 

a f the gizzard. Two diverticula surround 
the hip joint, but none enter the femur, 
although they do in some species of birds 
mch as the ring-necked pheasant and the 
^pers hawk. Diverticula from the dor- 
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FIG. 


1.9 — Stereogram 


of abdominal air sac woll of ihe chicken in 
tiss.. Connective tissue, (from USOA.) 


Ihe voscular part. Conn. 


sal margin practically surround the kid- 
neys and extend into the foramina of the 
lumbar and sacral vertebrae as well as in- 
side these vertebrae and the iliac bones. 
The thoracic vertebrae and all of the coc- 
cygeal vertebrae as well as the pygostylc 
are not pneumatized. It has been claimed 
that the circulation of air through the ab- 
dominal air sac reduces the temperature 
of the testis by a few degrees but Herin 
et al. (I960) have shown that this Is not the 
case. 

A large part of the abdominal air sac is 
free from adjacent muscle and body wall 
tissues and therefore is suitable for histo- 
logic study (Fig. 1.9). A healthy membrane 
is extremely thin yet is composed of three 
layers, an inner simple squamous, endo- 
dermal epithelium, a middle splanchno- 
dermal connective tissue layer, and an 
outer, mesodermal simple squamous serosa 
epithelium. The vascular and nerve sup- 
plies enter the connective tissue layer f™™ 
the dorsal and lateral body wall. The 
ventral wall of the abdominal air sac is 
avascular. Collagenic and elastic fibers 
form the framework for the middle layer: 
reticular tissue is absent except perhaps 
in the blood vessel walls. The endoueima 
epithelium may sometimes transform into 
a simple cuboidal or columnar ci lat 
epithelium within which develop unicel- 
lular mucous glands. It is thought that the 


ciliated epithelium develops in response 
to low grade stimuli. 

DIGESTIVE SYSTEM 
Oropharynx 

The oropharynx extends from the tip of 
the beak to the laryngeal eminence. The 
junction between the embryonic mouth 
cavity and visceral arches has been selected 
as the boundary between mouth and 
pharynx. This boundary, that has been 
indicated by dotted lines in Fig. 1.10, cuts 
across the tongue at the level of the para- 
glossobasihyal joint. On the roof, the cor- 
responding boundary lies between in- 
ternal choana and auditory tubes. From 
these points the lines extend to the angles 
of the jaws. 

The epidermis of the beak has produced 
a keratinized comeum, which is rigid in 
most birds but is soft in anserines. The 
mid-dorsal line of the upper beak is the 
culmen; the cutting edge, the tomium: and 
the line of fusion of the two halves of the 
lower jaw. the gonys. Tlie upper beak ex- 
tends backward around the external nasal 
opening and along the maxilla, producing 
a nasal notch between these processes. 
About midway along the length of the jaws 
is located the caudal margin of the gape, 
the soft tissues of which form the rictus. 

Heidrich (1908) describes for the chicken 
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5 transverse rows of palatine papillae (also 
shown by Calhoun, 1954) in the roof of 
the mouth, the last row of which is the 
largest. In addition, numerous smaller 
hard tubercles are present between the 
rows. At the anterior end and along the 
margins of the mouth are a medial and a 
pair of longitudinal ridges. 

The oropharyngeal glands are small and 
number at least one hundred. Some of 
these are illustrated by Heidrich (1908) 
and Fahrenholz (1937). Calhoun (1954) has 
followed the classification of Schauder 
(1923) which is summarized as follows: 

1. Glands on the floor of the oral cavity. 

a. Anterior submaxillary. 

b. Posterior submaxillary. 

2. Gland in the angle of the mouth 
(rictus). 

a. Angular oral gland. 

3. Glands of the longue. 

a. Anterior lingual. 

b. Posterior lingual. 

4. Glands of the roof of the mouth. 

a. Maxillary gland (Heidrich, 1908). 

b. Medial and lateral palatine glands. 

c. Sphenopterygoid. 

5. Glands of the pharyngeal canal, 
a. Crico-arytaenoideae. 

All of the glands are compound tubular 
and produce only mucus. 

Esophagus 

The esophagus extends down the right 
Side of the neck, enters the thoracic inlet, 
and follows the mid-line above the trachea 
to the proventriculus. Many large com- 
pound tubular glands empty into the 
lumen of the esophagus especially in its 
Upper part, and numerous lymphoid fol- 
licles are present in its walls. The crop 
arises as a diverticulum from the esophagus 
and is positioned lateral to this tube im- 
mediately in front of the thoracic inlet. 
The greater curvature is large when the 
crop is filled. The relatively smooth 
mucosa characteristic of the esophagus ex- 
tends through that portion of the crop 
forming the lesser curvature. In most birds 


the crop is a vessel dial only stores food 
temporarily but in pigeons and doves it 
has the additional function of secreting 
"crop milk" used in feeding the young. 

Stomach 

The stomach of birds has two parts, pro- 
vcntriculus (s. glandular stomach) and giz- 
zard (s. muscular stomach). The former is 
a highly glandular, spindle-shaped organ 
constricted slightly at its cephalic and 
caudal ends (Figs. l.IO, l.IIA.B). The 
mucosa is throtvn into plicae and contains 
many tubular glands (Calhoun, 1954). 
The surface is dotted with crater-shaped 
elevations that are the openings for the 
deep proventricular glands (Fig. I.IIB). 
The plicae are covered with a simple 
columnar epithelium that contains goblet 
cells. The numerous deep proventricular 
glands are arranged radially around the 
cavity of the glandular stomach. These 
glands are compound tubular and the 
terminal secretory parts empty into a large 
common cavity within each lobule. 

In galliform birds the gizzard is particu- 
larly well developed; a comparative study 
has been presented by Pernkopf (1937). 
Tlie translocation of the pyloric exit ad- 
jacent to the isthmus of the stomach is 
found in many vertebrates; this produces 
a short lesser curvature in the chicken and 
ihe entire periphery of the muscular 
stomach becomes the greater curvature. 
The mantle of muscles on the two faces of 
the gizzard has a radial arrangement. 
These lateral muscles (mm. laterales) are 
united in the center to the central tendon 
(s. facies lata tendina, tendinous apo- 
neurosis), and along the dorsal and ventral 
edges of the greater curvature are the semi- 
annular faces. The muscles form two lay- 
ers, an inner and an outer (Fig. 1.12). 
Caudal to the isthmus is an intermediate 
part and at the opposite pole is a fhin- 
s^led, caudal sac. The walls of both these 
are supported by intermediate muscles 
(mm. intermedia). 

In the chicken there is no distinct end- 
piece at the exit from the gizzard as in 
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raany birds, nor a constriction betts'een 
cnd-pitce and duodenum called the 
pylorus. Calhoun (1954) lound 'Bninnr'*s 
glandj (characteristic oE the trandtion be- 
u-.etn pyloric stomach and duodenum in 
mammaLs) in the intestine adjacent to the 
girsard. Rosenberg (1311) dsd not find 
such glands in the turkey. 

Calhoun (1231) and PeniLopf and Leh- 


ner (1937) hate noted the loss of the 
mtucuferu mucow beneath the cuticle of 
the glszard. A fes\' fibers noted in out 
preparation sre shotvTi in Tig. 1.12; there- 
fore the tunica propria is around the 
glands and immediately below them, and 
the jab.’mrcosa is adjacent to the lamina 
THuscttlsrts. 

TTie thick cutictilar lining of the gizzard 
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is an avian characteristic. Its histologic 
structure has been analj^zed by EgUtis and 
Knouff (1962). The simple tubular glands 
ol the mucosa secrete within their lumina 
stiff vertical rods that are maintained in- 
tact to the free surface of the cuticle; the 
epithelial surface as svell as the gland 
crypts secrete a less rigid matrix that sur- 
rounds the rods and forms horizontal striae 
or lamellae. Incorporated within this 
matrix are desquamated cells. 

Intestine and Caeca 

The intestine is divided into duodenum, 
small intestine, and rectum. At the junc- 
tion of the latter tsvo parts arises a pair of 
caeca. Gadow (1879, 1889), Mitchell (1901), 
and Beddard (1911) have applied the coil- 
ing of the intestine to taxonomic problems; 
the coiling in the chicken is one of the 
most simple among the birds. 

The duodenum with its descending and 
ascending limbs encloses the dorsal and 
ventral lobes of the pancreas. The pan- 
creas is held between the two layers of the 
mesoduodenal omentum (Fig. I.IO). The 
microscopic structure of the turkey duo- 
denum (Rosenberg, 19-11) is representative 
of the galliforms! the vilH are flattened 
plates and are arranged in a herringbone 
pattern (Fig. I.IIC). The pattern varies 
in different parts of the digestive tract and 



in different species of birds (MiiUcr, 1922). 
The phylogeny of folds and various types 
of villi is discussed by Clara (1927). The 
epithelium is simple columnar and dips 
into secretory crypts; the supporting tissue 
forms the tunica propria and its peripheral 
boundary is the mtiscularis mucosa. The 
submu<x)sa is poorly developed and the 
muscular stratum is composed of an inner 
circular layer, a wide circular but slightly 
oblique layer and an outer longitudinal 
layer against a subserosa, covered by a 
simple squamous serous membrane. Cal- 
houn (1954) has described the variations 
of this pattern for different parts of the 
digestive tract of the chicken, and Male- 
witz and Calhoun (1958) for the ttirkey. 

Tlie small intestine, suspended by the 
dorsal mesentery, pivots around a single 
point of attachment, at which point the in- 
testine penetrates the mesentery in a dorsal 
direction. From the straight portion of the 
lower intestine and rectum arises a pair of 
caeca; these extend fonvard, curve to lire 
right and turn caudally where they termi- 
nate as closed pouches. 

The caeca have diverse forms among 
species of birds; they are moderately long 
in the chicken. In pigeons, hawks, eagles, 
vultures, and parrots as well as some pas- 
serines, caeca arc rudimentary or absent 
(Cadow and Selenka, 1891). All of the in- 


fIG. 1.11— Chitkeni 

A. DoMol view of liver, duodenum, pan- 
creas, gtciord, end proventrleufus 
showing porlieulorly (he olle ond pan- 
creolic duels. It., left; reg.. reglonj rt., 
righ). (From USDA.) 


6. View showing »he Inferior ef the 
esopViogus, provenlfitvlos.end giMOra, 
reg., region. (From USDA.) 


C. Villi of duodenum. (From USDA.) 
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FIG. 1.13 -Mid- 
sagittal section 
of elooco and 
cloacal bursa of 
chicken showing 
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right wall, m., 
muscle. (From 
USDA.) 
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proctodeum, and (4) a membrane at Ac 
caudal end o£ the proctodeum that under 
conditions of inactivity is folded trans- 
versely so that the dorsal and ventral halv» 
face each other. A description of Ae male 
accessory organs is given on page 42. 

Liver and Pancreas 

The liver is a bilobecl structure lying 
ventrally to the posthepatic membrane (s. 
transverse membrane) and is located 
a closed hepatic cavity (Beddard, 18 . 
1898; Butler, 1889). The lobes are sep- 
arated by a ventral mesentery. The •''S ^ 
lobe is the larger and the left is part«l y 
divided. The shape and variability of these 
lobes have been analyzed by Lucas an 
Denington (1956). On the dorsal surUce 
both lobes have central divisions (Fig. 

Molt species of birds have a gallblad- 
der but it is absent in the hummingbirds 
and in some genera of pigeons, parrot^ 
cuckoos, and woodpeckers (Van Tyne an 
Berger, 1959). In the chicken there are two 
bile ducts, the hepatic arising dir^iy 
from the liver, and the cystic arising rom 
the gallbladder. Their point of Tirana 
marks the separation between the 


denum and the small intestine. 

The elongated pancreas in the chicken 
occupies the duodenal loop. The pancreas 
in the embryo develops from 8 endoderma 
buds to form a dorsal lobe and a right and 
left ventral lobe (Hamilton, 1952; Roman- 
off I960). The ducts and lobes shift posi- 
lion during development; the ventral ducts 
come to lie close to the hepatic ducts and 
the dorsal duct is somewhat removed. 
Three ducts from the pancreatic lobes to 
the duodenum are shown m Fig l.llA. 
According to Romanoff (1960), the right 
ventral pancreas fuses with the dorsal pan- 
creas and the left tuses with the right ven- 
tral pancreas and ultimately witl, the doo 
sal lobe. Dorsal and ventral as labelled in 
ngs 1.10 and l.llA and B reter to their 
^tion in the duodenal loop, rather than 
to their embryonic origin. 

The splenic lobe is a continuation of the 

^"“hgrea^----- 
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found in some beta islets of nearly all 
chickens examined (Lucas, 1947). Well- 
illustrated accounts of the avian pancreas 
have been given by Clara (1921) anil Nagcl- 
schmidt (1939). 

Cloacal Bursa 

The cloacal bursa is an o\oid, hollow 
organ that has a duct leading to the dor- 
sal part of the proctodeum (Fig 1.13). 
The shape is variable in different species 
of birds (Dominic, 1959-60) but in gen- 
eral varies from tubular to piriform. In 
the chicken, the inner surface is thrown 
into 11 to 13 primary plicae and 6 or 7 
secondary plicae. The lining of the cavity 
is a simple columnar or pseudoslraiificd 
epithelium derived from the endoderm. 
Below this is the tunica propria that con- 
tains numerous lymphoid follicles. Bejond 
the follicles are a muscularis layer and a 
connective tissue covering. Whether the 
lymphocytes of the tunica propria are 
derived solely from the mesenchyme or 
in part from the epithelial buds that form 
the medulla of the follicle has been a 
controversial question (Ackerman and 
Knouff, 1959, Ackerman, 1962) It is gen 
erally agreed that the epithelial buds pro- 
duce the reticulum of the medulla and 
that the cortex is derived from mesen- 
chyme (Boyden, 1922). 

EXCRETORY SYSTEM 

'■“"'''‘I 

»d,r kidney,, urelm, 

and Ihe uiodeal portion of fte cloaca (rig, 

- 4, 1.15. and 1.16) and their function^, 
■uppleinented by the „a,al gland (p. 28) 
e kidney, are located caudal » the 
nng, and extend Iron, the space betwee^ 


coveting it in birds is more complex be- 
cause the dorsal wall of the abdominal air 
sac has fused witli the peritoneum. The 
fusion extends from the ventral surface of 
die deferent duct to tlic middle of the 
lateral body wall. The remainder of the 
alMloinin,il .air sac is free and is separated 
fn>m the peritoneum. 

The kidney is divided into 3 lobes; the 
constriction between anterior and middle 
lobes on the ventral side of the organ is 
made by the external iliac (s. cniral) vein 
and dorsally by the external iliac artery. 
The constriction between middle and 
posterior lobes is produced by the external 
ischiatic artery (Figs. l.M and 1.15). 

The ureter emerges from the medial, 
ventral surface of the middle lobe, just 
anterior to the ischiatic artery. The duct 
within the kidney extends close and paral- 
lel to the medial margin (Fig. l.H). It re- 
ceives numerous branches throughout its 
length from all of the kidney lobes. The 
duct passes dorsal to the external iliac vein 
and ventral to the external ischiatic artery. 
The ureter runs along the medial edge of 
the deferent duct in the male and has an 
equivalent position in relation to the ovi- 
duct in the female (Fig. I.IC), IVithin the 
kHiney parenchyma the ureter subdivides 
into collecting ducts. These in turn re- 
ceive urinary fluids from the terminal end 

0 each nephron by connecting tubules. 

1 lie exirarenal ureter has a muscular wall 
and elimination of fluids and uric acid 
crystals is by peristaltic contractions to- 
ward the cloaca (Gibbs, 1929). 

The nephron of reptiles and birds has 
glomeruli that are small in size and in 
birds contain but few capillary tufts. Mar- 
shall and Smith (1930) described a central 
which Pak Poy and Robertson 
I T ”>icro,copy analysis 

T '>■' “■'vemilia or ,h. 

K and fnnetioned .o 

0 ,,^. j''?' “P‘'*">5S- Marshall (1934) 
Sd^ r ' glomeruli in the' 

Slomemlar diameter ot 75 micron,. In a 
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2,400 gram rabbit, 414,000 
estimated for both kidneys a 
diameter ^vas 142 microns. 

Smith (1930) regard the small g ^ 
and central cell mass as pa j|^g*^vian 
genetic degeneration process 
kidney. . glomerulus is 

Immediately distal to | birds 

a short neck; this is vertebrates, 

and mammals as it is m lower 


Following this it X Ster 

tubule which 

N as shown by Huber (1917), most o 

S“Sf|S=S 

SE ™sraTbe%hort as in reptnc- 
mSmaU. "Srh.H (1954) has given a 
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Female-oOvary 

Normally in the female reprotluciivc 
system of most birds, only the left o\-ary 
is functional; the right regresses during 
development but for the period soon after 
hatching it retains the potentiality of de- 
s-elopment into a testis that may con- 
tain sperm or into a functional ovary. 
Both right and left ovaries are commonly 
present and functional in hawks and owls. 
The left ovary fs firmly attached by a 
short mesovarium near the micMine later- 
al to the dorsal mesentery. The oviduct is 
suspended dorsally by the mesosalpinx; 
ventrally by the mesomeirium; the latter 
is not attached to the body wall but iu 
free border carries many muscular bun- 
dles and connective tissue ligaments (Fig. 
1.16). The ovary has a cortex and a me- 
dulla; the former is composesl of a ger- 
minal epithelium and an underlying 
stroma in which layer the follicles des-elop. 
The medulla bean the major vessels of 
the mesovarium. 

The ovary, located at the anterior ends 
of the kidneys, is in the recently hatchet! 
chick a flat irregularly shaped gray body 
with a granular surface. The surface char- 
acter is due to the presence of innumer- 
able primary oocytes, of which only rela- 
tively few will reach maturity and be 
ovulated. The germinal epithelium lies 
upon a dense connective tissue layer, the 
tunica albtiginea. Beneath this layer lies 
the stroma of the cortex. The ovary of the 
laying hen is a large body from the sur- 
face of tvhich project follicles in all stages 
of yolk accumulation. The quiescent fol- 
licles in the cortex give to the surface a 
granular texture. The follicles during 
development become large and pendulous, 
the stalks of which carry their vasadar 
supplies. Isolated interstitial cells are pres- 
ent in the stroma, the cytoplasm of which 
is granular. 

During the embryonic development of 
the ovary a group of germinal epithelial 
cells invaginates and one of the group 


forms the ovum, the remainder arrange 
themselves around the young ovum and 
form a single layer of "nune cells” that 
constitute the membrana granulosa. It 
is these cells in mammals that produce 
the corona radiala but they are not pres- 
ent in the avian egg at the time of ovula- 
tion. A double-layered vitelline membrane 
is profliJccd between the yolk and the 
membrana granulosa, 

Tlic germinal disc at the surface of 
the growing ovum contains the egg nucleus 
surrounded by a small amount of cyto- 
plasm that merges into the surrounding 
yolk spheres. The yolk is of two types, 
while and yellow. The white yolk at the 
center of the ovum extends to the area 
beneath the blastodisc and extends later- 
ally as thin concentric spherical laminae 
separating the wider laminae of yellow 
yolk. 

As the ovum increases in size the adja- 
cent connective tissues of the stroma be- 
come organized into the follicular theca 
of which, in the older stages, a theca in- 
terna and externa may be distinguished. 
The tissues of the latter merge into the 
less compart connective tissue of the 
general stroma. In the internal theca as 
well as in the stroma are groups of luteal 
cells. 

Bradley and Crahame (I960} have 
classified ovarian follicles into 5 phases: 

1 . rrimaryfoUicles. 

2. Growing follicles. 

3. Mature follicles. 

4. Discharged follicles. 

5. Atretic follicles. 

During the process of growth, the theca 
becomes highly vascularized, particularly 
in regard to an extensive venous network. 
On the surface of the follicle opposite the 
stalk, a slit-shaped area, called the stigma, 

U not as well vascularized as the adjacent 
area (Nalbandov and James, 1949). The 
ovum leaves the follicle through a break 
in the stigma. This produces the “dis- 
charged follicle.” The thecal cells pro- 
liferate. Later the whole structure de- 
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hypophysis is situated ventrally or rostro- 
ventrally to the neurohypophysis; it con- 
sists of a pars distalis and a pars tuberahs, 
and does not liave a pars inicrmedia. 
Within the pars dislahs, glandular cells 
are arranged in anastomosing cords and 
lamellae that are wmpped in a delicate 
double-layered membrane. A dense plexus 
of svide blood sintisoids surrotinds anil 
partly separates the cords. The several 


types of cells svhich inaV-c up the cords 
are distinguished and named according 
to their reactions to stains (Payer and 
Rappay, 1961a and b; Ezrin, 1965). In 
many birds the pars distalis can be divided 
into cephalic and caudal regions on the 
basis of the distribution of acidophils 
(alpha cells) (Rahn and Painter, 1911; 
I^yne, 1912). The bound.ary between 
these tones extends from the base of the 
pars luterahs to the former site of attach- 
ment to the diencephalon Other struc- 
tures that have been found in the tars 
dytahs at various degrees of frequency in- 
clude pigment granules, colloid-filled cysts 
hyperplastic epithelial tissue, and nodules 
ot lymphoid tissue (Payne, 1912; Obous- 
sie^ 19-18; Payne and Breneman. 1952) 

The pari luberalis is a thin layer of 

fundibulum and extends forward on the 
ventral surface of the diencephalon to the 
region of the optic chiasma. Its histology 
esembles that of the pars d, stalls exeS 

A X",h '"'""-PhobS 

A Sheath of fibrous connective tissue 

tabu o[ ihe pituiary. The lauer has 
two parts, the neural lobe (lobus netyosus 
or tntuud.bn hr process) and the inlundib 
Ulum (neural stalk). The neural lowT ■ 


Stem, connects the neural lobe to the 


pars dhtalis. Together w’ith the pars tuber- 
alis it is sometimes referred to as the hy- 
pophysial stalk.. The neural lobe and the 
infundibular stem liave a lumen svhich is 
continuous with the third ventricle of the 
brain; In many clitclcns it is so extensive 
that the ncurohypophysis is entirely hollow 
(Oboussicr. 1918). The median eminence 
(emittenlia mediana) is the portion of the 
scntral or rostroscntral wall of the di- 
encephalon between the infundibular stem 
and the optic chiasma. Anatomically and 
functionally it may belong to the hypo- 
thalamus more than to the pituitary. 

Tlic lumen of the ncurohypophysis is 
lincil with a single layer of ependymal 
fclh. Outside this is a thick fibrous layer 
of unmyelinated ncnc fibers and several 
forms of piuiicytes (modified glial cells). 
Ik-yond this is a palisade layer containing 
other types of pitulcytes, neurosecretory 
axons, other elements, and masses of ncuro- 
wcrctory granules. This layer is thick 
in the median eminence but poorly dt- 
sclopcd in the infundibular stem (Payne, 
1959; Kobayashi et al, 1961; Oota and 
Kob-iyashi, 1902). 

All arteries to the pituitary are branches 
of the internal carotids, arising from an 
intercarotid anastomosis. Blood from 
either the infundibular or the inferior 
hypophysial arteries enters Uie neural 
lobe by way of a superficial plexus and 
drams directly into the cavernous sinus 
(dural sinus) in the sella turcica below. A 


, uic primary plexus, on me 

sur ace of the median eminence, receives 
Diood from either the infundibular or the 
superior hypophysiararteries. ‘ As in other 
vertebrates, hypophysio-portal vessels along 
the pars luberalis carry the blood from the 
primary plexus to an extensive secondary 
plexus m the pars distalis. Efferent veins 
“ from here to the cavernous sinus, 
ere blood from the pituitary meets that 
trom th^e orbit and the forebrain. Blood 
* 1 * 1 * sinus by veins which emerge from 
^ skull through the canal for the carotid 
cries, just anterior to the external audi- 
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lory meatus. These veins join the poste- 
rior cephalic veins, which in turn join the 
jugular vein (Neugebauer, 1845). 

The pituitary gland is innervated by a 
hypophysial tract (hypothalamico-hypo* 
physial fasciculus) which arises mostly 
from neurosecretory nuclei in the hypo- 
thalamus. The two component tracts pass 
along the hypophysial stalk and terminate, 
one in the median eminence and the 
other in the neural lobe (Drager, 1945; 
Green, 1951; Kobayashi et a/., 1961). A 
few fibers go on to the glandular cells of 
the pars tuberalu but none enter the pars 
distalis. The entire gland is said to be 
innervated by a plexus of the peripheral 
autonomic nervous system, and the pars 
distalis is further said to contain a very 
dense secreto-motor end-plexus (Mctuzals, 
1956). 

Most of the pituitary hormones are 
secreted by the pars distalis. Production 
of adrenocorticotropic hormone (ACTH). 
follicle-stimulating hormone (FSH). and 
luteinizing hormone (LH) is regulated by 
neurohumors that are transported from 
the hypothalamus by the portal circula- 
tion. ACTH and the thyroid-stimulating 
hormone (TSH) were thought to come from 
acidophils (Hohn, 1961), but recent find- 
ings in mammals indicate types of bastv 
phils {beta-1 and beta-2 cells) as the ori- 
gin (Ezrin, 1963). FSH and LH are pro- 
duced by two other types of basophils 
delta-1 and deIta-2 cells) (Fayez and Rap- 
pay, 1961a, b; Ezrin, 1963). Prolactin and 
possibly a growth hormone are produced 
by two other types of acidophils. Inter- 
medin, which is secreted by the pars inter- 
media of the adenohypophysis in other 
vertebrates, is formed in the pars distalis 
in birds. 

The neurohypophysial hormones of 
birds are oxytocin and arginine vasotocin: 
the existence of vasopressin is currently 
uncertain (Munsick et al., I960). As in 
mammals, they are produced in the hypo- 
thalamic nuclei, transported in granulw 
along the neurosecretory axons of the 
hypophysial tract, and stored in the neuro- 


hypophysis (Famer and Oksche, 1962). 
It is no longer believed that additional 
secretions are produced in the neurohypo- 
physis itself (cf. Payne, 1939). 

Adrenal Glands 

These glands are paired bodies situ- 
ated beneath and medially to the anterior 
lobes of the kidneys, above the gonads, and 
behind the lungs (Fig. 1.14). They are 
commonly ovoid, curv-ed, or triangular, 
but their shape is highly variable among 
species and individuals and may be poly- 
hedral or flattened and irregular. The 
glands are cream, yellow, or orange in 
most species, but they may be white, grey, 
pink, or brown; color may depend on the 
lipid content. A gap of variable width 
usually separates the bodies though in 
rare cases they are united (Hartman and 
Albertin, 1951). 

The following account of adrenal his- 
tology is based on the work of Milller 
(1929), KnoufI and Hartman (1951). and 
Sinha et al. (1959). Each gland is en- 
closed in a double-layered fibrous capsule 
which also includes blood vessels, lymph 
vessels, nerve ganglia, and extrinsic sex 
ducts. The parenchyma is composed of 
interrenal (cortical) and chromaffin (med- 
ullary) tissues, but these are intermingled 
rather than lonated as in mammals. The 
two tissues vary widely in arrangement and 
relative amount among species of birds 
(Hartman et al, 1917). They are present 
in approximately equal volume in IVhite 
Lt^hom chickens, but even here there are 
variations between sexes and among lines 
(Oakberg. 1951). 

The interrenal cells form cords that 
wind inward from lire periphery of die 
gland. Each strand is built of radially ar- 
ranged spherical or .cylindrical cells, with 
a foamy cytoplasm and a deeply staining 
nucleus near the axis of the cord. Mito- 
chondria. several kinds of lipid droplets 
(Fayez and Rappay, 196Ja, b), and other 
inclusions are distributed in the cytoplasm. 
The amounts of lipids and mitochondria 
are inversely related to each other, and de- 
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pend on the functional state of the gland 
(Morita et al., 1961). 

The chromaffin tissue takes the form of 
strands or m.asses that are sometimes con- 


nected by bridges. These cells are irregu- 
larly arranged except at the periphery of 
the gland. They are large and polyhedral, 
with intensely basophilic granular cyto- 
plasm and vacuolated nuclei. Patches of 
chromaffin tissue may occur in the capsule 
of the gland and, as paraganglia, elsewhere 
in the body. The interrenal and chro- 
maffin tissues are separated by a delicate 
capillary plexus and a few fibroblasts. 
Blood from the internal spermatic arteries 
reaches each gland through a suprarenal 
artery and branches of the cranial superior 
renal artery. These vessels send arterioles 
into the pencapsular sheath, to the plexus, 
and to central venous sinuses Large capsu- 
lar veins collect the blood from the central 
and the peripheral sinuses, and return it 
by way of short suprarenal veins to the in- 
ferior vena cava. 


Several large sympathetic nerves supph 
ganglia and a rich plexus in the capsule 
from whence fibers penetrate the paren 
chyma to the chromaffin masses. M^t © 
the fibers are myelinated, 

rnTf * hormones are simila 

to those of mammals but tliey arc not a 
well known. The interrenal tissue secrete 
ree mam kinds of hormones: mineralo 
ort, colds (e.g.. aldosterone). goSS 
( .g.. estrogens and androgens), and elu 
cocorticoids (e.g.. cortisone, hydLo^Ln 
and corticosterone) (de Roos. 1 % 1 ). -n,. 

the kis i. 

a rniA • ^ gonadoids seem to pla' 
l»v= . m,.cuL.™g Sr 


tary, but the size of the adrenals is not con- 
trollert by this hormone as rigidly in birds 
as in manim ils (Zarrow el al., 1962). 

The chromafTin tissue secretes adrenalin 
and noradrenalin in a proportion that 
varies widely among birds. Noradrenalin 
accounts for 50 to 60 per cent of the total 
secretion in the domestic pigeon and 70 to 
80 per cent in the fowl (Ghosh, 1962). 
Both hormones take effect rapidly though 
briefly, mobilizing body functions to meet 
stress. 


Thyroid Glands 


These are a pair of dark red, ovoid 
bodies on the ventro-lateral surfaces of the 
neck, just anterior to the first cervical ribs 
(Fig. 1.17). They lie posterior or deep to 
the last lobe of the thymus and anterior 
to the parathyroid glands. The avian 
thyroids, unlike the mammalian, do not 
touch the trachea and are not joined by 
an isthmus. Their size is highly variable, 
depending on many factors (Ringer, in 
press). 


c-acn gland is a mass of round to oval fol- 
licles within a capsule of fibrous connective 
tissue. The follicles are lined with a single 
layer of endodermal epithelial cells on a 
poorly defined basement membrane. The 
cells vary in height from columnar to 
squamous, depending on age, location, and 
iQAn activity (Payne, 1957; Yamamoto. 

60). Their nuclei are round or oval, and 
the cytoplasm stains faintly basophilic and 
conuins many tiny vacuoles. Within each 
o hcle is a homogeneous colloid contain- 
ing thyroglobulln (protein-bound thy- 
roxine), Its quantity varying with the activ- 
tty o the gland. Cells that appear identi- 
Q to those of the parathyroid gland occur 
sveen the follicles usually in thin septa 
but occasionally in masses. 

from the common carotid arteries 
ac es the glands by way of the ascending 
^ptiageal arteries and their branches, the 
and caudal thyroid arteries. These 
capillaries 

_r . follicles. A sphincter apparatus 
of endothelium and circular rmooth 
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muscle fibers is sometimes present at the bi- 
furcations of the arteries (\’amamoto, 
1960). Owing to the thinness of the inter- 
stitial tissue and the basement membrane, 
the endothelium of the capillaries is al- 
most in direct contact with the follicular 
epithelium (Ringer, in press). Thyroid 
veins return the blood to the jugular veins. 
The inners'ation of the avian thyroid is 
not known, but it may come from the cervi- 
cal sympathetic ganglion as in mammals. 
The thyroid gland releases the hormones 
thyroxine and triiodothyTonine that lend 
to increase oxidative metabolism (Went- 
worth and Mellen. 1961). They are neces- 
sary’ for normal growth and development, 
especially of reproductive characters and 
functioning (Blivaiss, 19-17). The enor- 
mous amount of research on the function- 
ing of the thyroid has been recently re- 
viewed by Ringer (in press). 

Parathyroid Glands 

A pair of parathyroid glands is present 
on each side of the base of the neck, nwr 
the posterior end of the thyroids (Fig. 
1.17). In pigeons, the lobes of each pair 
are separated from each other and from, the 
thyroid, whereas in fowl they are some- 
times fused together and even attached to 
the thyroid. If separated from that gland, 
the parathyroids lie ventral to the jugular 
vein and dorsal to the common carotid 
artery. They arc spherical to elongate, yel- 
lowish-pink or yellowish-whitc bodies, usu- 
ally much smaller than the thyroid but 
sometimes almost half its size (Forsyt , 
1908). The anterior parathyroid is usual y 
the larger, and the glands are slig y 
larger in females than in males. 

Each body is enclosed in a capsu e o 
thin connective tissue which is continuous 
with the tunica externa of the caroU 
artery. The glands are masws ot 
anastomosing cords supported by de icate 
strands of connective tissue which are con 
nected to the capsule. Such structure ^ 
sembles that of the thyroid except that me 
cords are thicker and there are no 
The cords are composed of closely pa 
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columnar epithelial cells, surrounded by 
a basement membrane (Nonidez and Good- 
ale, 1927). Most numerous are cells with 
an acidophilic cytoplasm and an intensely 
staining nucleus (Romanoff, 1960). Oxy- 
phil cells, as found in mammals, are absent. 
Masses of accessory parathyroid tissue with 
histologic structure similar to the glands, 
may be present in the caudal lobe of the 
thymus, under the capsule of the thyroid, 
or in the ultimobranchial bodies (Thomp- 
son, 1910; Nonidez and Goodale, 1927). 

Blood reaches the glands by a short para- 
thyroid artery close behind the caudal 
thyroid artery, either directly from the 
common carotid artery or a branch of it: 
the ascending esophageal artery. The con- 
nective tissue stroma supports a rich plexus 
of capillaries, some of them sinusoidal, 
with endolhelial walls that are nearly in 
contact with the epithelial cords. Venous 
blood returns directly to the jugular veins. 

The parathyroid hormone (parathor- 
mone) plays important roles in regulating 
the level of calcium in the blood and the 
renal excretion of phosphorus. 


Ulllmobranthiol fPostbranehlal) Bodies 
These structures are closely associated 
with the thymus and the parathjTOid 
glands but they have no known endocrine 
function. They are situated one on each 
side of the neck, posterior to the para- 
thyroids, medial to the jugular veins, and 
anterodorsal to the subclavian artery (Fig. 
I 17). The bodies are small, subspherical, 
or polyhedral, and pinkish (fowl) or yel- 
lowish white (pigeon); in some individuals 
they may be irregular masses or even ab- 


They are composed chiefly of compact 
cords of polyhedral epithelial cells (similar 
to parathyroid tissue) and spherical or 
tubular cyst,. The latter are lined mil. 
squamous or cuboidal epitheliuni that may 
b4 ciliated and are filled with cellular 
debris or colloid. One or more islets of 
paraihyroid tissue, enshealhed m colla- 
Lnic tissue, usually occur in the 
S each ultimobranchial body. Nodules of 
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field of physiological, biochemical, and nu- 
trjtional research for many years, concepts 
, ‘f'* fi«>c mechanisms and their control 
nave been changed markedly in recent 
yean, and the processes are not yet fully 
n ersiood. Some of the distinctive aspects 
of digwuon in domestic birds are well 
recc^nized, but much of our present under- 
an mg of the process in birds is based 
or. the general concepts derived from in- 
ve^gations with other species, 
tetn^ function of the digestive sys- 

teriaK h ^ of complex food ma- 

/ ydrolysis to component water 
» able or water-miscible) units in prepa- 
Xhj, - ^h^orption and metabolism. 

Uw “ complement of diges- 

tmlTeH’^il • * materials in the con- 
varioii« ''tronments maintained in the 
simplest*ir‘* Viewed in its 
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TABLE Zl 

The PicEffnvE Enzymh. TmtR Location and Action 


Eniymw Produced by Loeaiion of Action Action of Enzyme 


Carbohydrate-splilting 
Salivary amylase 
Pancreatic amylase 
Biliary amylase 
Intestinal amylases 
Oligo-I, 
6-glucDsidase 
Maltase 
Sucrase 

Lactase 

Protein-spiitting 
Gastric protease 
(pepsin) 

Panaeatic proteases 
Trypsin 

Chymotrypsins 

Peptidases 

Catboxypepildase 


Antinopeptldases 

Dipeptidases 

Fat'Splittine 
Pancreatic lipase 

Phosphatidases 


Salivary glands 

Pancreas 

Liver 

Small intestine 




Split starch to polysaccharide and 
Duodenum,aniall intestine maltose units by hydrolyzing 1. 
Duodmum.mall intestine 4 gtucoside bonds within the 
Small intestine starch molecule 

Split branched<hain polysaccha- 
rides at l,6-^liic08ide bonds 
Hydrolyze maltose to gluccKC 
Hydrolyze sucrose to glucose and 
fructose 

i Hydrolyze lactose to glucose and 

galactose 


Proven triculus Gizzard 


Hydrolyze proteins at linkages con- 
taining an aromatic ammo acid 


Panaeas 

Pancreas 


Duodenum. small intestine Hydrolyte proteins at linkages con- 

taining basic amino acids 

Duodenum, small intestine Hydiolyze proteins at linkages of 

neutral ammo acids 


Pancreas 


Smaff intestine 
Small intestine 


Duodenum.small intestine 


5fna« intestine 


Small intenine 


Hydrolyze peptides to amino adds 
progTcsshe/y from free orbotyl 
end 

Kydroiyze peptides to amino adds 
progressively from free amino 
end 

Hydrolyze specific peptides to 
amino acids 


Pancreas 

Pancreas 


Duodenum.smallintestioe Hydrolyze triglyceride/ mainly to 
monoglyceride and fatty acids 

Daodenum.amalllniesiine Hydrolyze phospholipids to glyc- 
erol, fatty acids, base and phos- 
phate 


lion is absorbed, and the unutIHred <m- 
tligestible) food components are discharged 
at the other end. Actually the digestion 
and absor,Dlion of foods is a dynamic and 
complex process which involves a high 
level of metabolic activity and turnover 
by the gut. Although the enrymes which 
catalyze the hydrolysis of food components 
are effective in very small amounts, the 
seaetions in which they are contained con- 
stitute a f-irge flow. For insfanoe, the tVet 
proteins as they are digested to amino acids 
arc diluted as raucli as sevenfold by the 
proteins of the secretions of pancreas and 
small intestine, which in turn are largely 
digested and recovered. The total flow of 
amino acids is very much greater than that 


represented by the net amount of dietary 
protein which is digested and absorbed 
(Nasset and Ju, 19G1). 

U is estimated that the turnover time of 
intestinal epithelium in experimental 
mammals and man is of the order of 1.5'‘2 
days, which means that the entire lining of 
the smail intestine is completely replaced 
in this short time. zVnothcr evidence of the 
dynamic state of the over-all process is the 
fact that for most nutrients an active proc- 
ess of absorption is involved, rather than 
a simple diffusion of substances across the 
wall of the absorbing cell of the intestine. 
Consequently, the rate of absorption is high 
for substances that .ire actively transported, 
and mechanisms thereby exist for selective 
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•eld of physiological, biochemical, and nu* 
ruional research for m.iny years, concepts 
the basic mechanisms and their control 
ave been changed markedly in recent 
y«an, and the processes are not yet fully 
urn erstood. Some of the distinctive aspects 
® igestion in domestic birds arc well 
rect^nized, but much of our present under- 
of the process in birds is based 
® general concepts derived from in- 
sedations with other species. 

™3in function of the digestive sys- 
u ^ ,’^^‘f“otion of complex food ma- 
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■j-i,; . absorption and metabolism, 
live by a complement of diges- 

bydrol^s^'of 7^'^ catalyze the steptvise 
trollPfi^ materials in the con- 

varioiK *"^"°"’"ents maintained in the 
simplest^tp*^^* system. Viewed in its 

into^wh- K™/‘ digestive tract is a tube 
Imm is inserted at one end, 
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TABLE 2.1 

Tilt DicErmt EHCT>tES. Tint* Location a\o Acnos 


En2jTO« Piodacetl by Location of Aalon Aalon of Emjwe 


Carbohydrate-tblilting 
Salitary amyiaio 
Pancreatic ain)tase 
Diliary amylare 
Intestinal amjtases 

01ipj.J, 

Cgtucnsutase 

Maliatf 

Sucrase 

Lactase 

Protein-rpiitO'ng 
Gastric jiroicase 
(pepsin) 

Panaeatic proteases 
Tripsin 

Chymotrypslns 

Pmidases 

Carbo\ypeptWase 


Aminopepiidasa 


Uipeptidatei 

ral-tprill/ng 

Panantic lipase 

Phosphatidaaes 


Salii'ary glands 

PanCTeai 

laver 

Small intestine 

Crop 

Crop 

Duodenum.nnali intestine 
Dtiodenttm.fmall (ncMtine 
Small inlcsiiRC 

? 

Split starch to polyiarcharidf and 
maltose units by h)drotytIng 1. 
^-gluctMide bondt within the 
starch molecule 

Split brartchfd-chain polytaccha- 
rUles at 15-Rliicoside Iwnda 
llfdfoifte mj/tow togUifw 
H)i]rolyre tuctiwc to glucose and 

ffOCtCKC 

Hydrotyre lactose to glucose and 
galacfcwe 

Prosentn'ciifos 

Ci/rard 

Ib'droljce proteins at linkages con- 
laining an acom.itic amino acid 

Pancreas 

Pancreas 

Duodenum. small Intestine 

Duodenum. small intevilne 

tI>droI>7e pretcini at linkam trm- 
taining h.itic ammo acida 
II)dTol)re proteins at linkages of 
neutral ammo achlr 

Panaeas 

nuodenum. small intestine 

IfjdrolfTC pepthfes lo amino addi 
progtesusely from lite caibox)! 
end 

Ibdrolyre pqitldrt to amino adds 
progresdseij' from free amino 
end 

lljiftoljre apec/fie peptWes lo 
ammo acids 

Small intestine 

Small intestine 

Small (nteiline 

Small intestine 

Panaeas 

Panoess 

Duodenum.small Inieuinf 

Diitalenum. small (niatinr 

lljiltolyte triRbttriile. mainly to 
morwgl(fer»Je and fatty aoiJs 
Ibtirohre phospholipids to rIx* 
erol. fatty adds, base and phos- 
phate 


non is absorbed, and ihe unutilirctl (in- 
digestible) foosi componenis arc discharged 
at the other end. Actiiall) the digestion 
and alnorpiion oC iootls is a djitamic and 
comjjJcx process sslsich involves a high 
level of mct.ibolic activity and tnmovrr 
by the gut. Alihotigh the enrsmes which 
caJaljre the hydmlysit of f»->od components 
arc efiectisc in very small ainounts. the 
secretions in sshicli they are containesf con 
stiime a large flow. For instance, the diet 
ptoieirts as ihcs- ate digestetl to amino aciils 
ate diluted as" much as scsritfold liv the 
ptoteiiss of the secretions of panrreas ami 
««iill iniesiinc, which in turn are Uigriy 
digestesl and letoscrttl Tlie total flow of 
antino a<»i!s it sety mtirh gi^atct than that 


representeil by the net amoont of dietary 
]iiotcin which is digestcsl and absotlxtl 
(Nasset and Ju, 19C1). 

It is estimated tliat the tumoser lime of 
intestinal epithelium in experimental 
mammals and man is of the order of 1.6-2 
djst, which means ihat the entire lining of 
the small intestine is completely replaced 
in this short time. Another evidence of the 
dsnamic state of the over -all protcis is the 
fact that for most nutrients an active proc- 
ess of absorption is involvnf. rather than 
jt simple ibflusion c>f siilistanres across the 
wall of the alrsorbing tell of the intestine 
Convecjssently. tijc rate of abs-srption is high 
for snlniancrs that are actively iranijyuml, 
and meshanimu ilirrrby exist for selcxilve 
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absorption. The complexity of the reaction 
mixtures in the gut has other nutritional 
implications as well, and it is known that 
the availability of some nutrients, especially 
minerals, can be markedly influenced by 
composition of the diet. 

Knowledge of the digestive madiinery 
and Its functioning in a given spedcs is 
b^ed on (1) the enzyme apparatus, and the 
physiological environment in which U 
functions; (2) the properties of food ma- 
terials which are processed, including the 
susceptibility of their components to 
enzymatic hydrolysis and the action of in- 
hibitory substances which the food may 

capac ty ol ihe tract. Each o! the aspects 
will be considered in this discussior^t 
^gestton in birds, Litnited eonsidZion 

relattahZ 

™zrK“nSrrc:rarTrL“:!::: 

of Ihc reference? 

Of 

considered to'Z'nr “^‘Scstive enzymes 
;yteni of chZm S mi, “ J?" 

in Table 2.1 whirf. w shown 

oalion and ’ action '“™e"‘b' 

characteristics of th- • °‘0'*anical 

establish their detaiw'''^" enzymes, lo 
action, are not so well V of 

■Poiooghiy ..ndicdZZrn’'e''„'zyZ' 

(C,H„0.)n ^>0 

- 6” kcal/162 gm 


H^ever, the general functioning of the 
avian digestive system, its efficiency of di- 
gestion, the hi vitro action of the various 
digestive secretions, and the effects of 
enzyme inhibitors which have been 
studied, all indicate that the avian system 
has the characteristics common to non- 
ruminants generally. In the discussions to 
follow, particular reference will be made 
to information known specially to apply to 
poultry, but most of the material on the 
action of digestive enzymes has come from 
investigations with mammals. 

The environment in which the digestive 
enzymes act is controlled physiologically, 
and IS affected little by diet except under 
rather extreme conditions. The typical pH 
conditions in the various sections of the 
tract are shown in Table 2.2. These differ 
rom the typical conditions in mammals by 
less acid stomach contents, (2) somewhat 
^"lesiinal contents, and (3) an 
acid bile. ' ' 

Carbohydrate Digestion 
“^e mam carbohydrate in the diet of 
ir s IS starch, supplied by grains or grain 
yproducts. The ove^alI process is indi- 
«ted in following equation which de- 

picts the hydrolysis of starch to glucose, the 
unit compound absorbed into the blood 
and transported to the cells of the body. 

description of the 
starch to glucose shows that it 
162 or ^ |*y^rolysis, and that for every 
hydrolyzed there are 
glucose. There is 
vain. • change in the gross energy 

a ptocess; although glucose has 

> Wer energy value per pam this is a 
«uh supply 

bS"’ o! com- 

energy in the equivalent amounts 


3n H,o 


nC,HaO, 


•5nCUl.Ou 

maltase 
glucose 

«80n 

= 3.74 kcal/gm 
= 673 kcal/180 gm 
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TABLE Z2 

The pH Environment of ■ntE DtcEsnvE Tract of Five Speoes of Birds* 

C/iicken Turkey iJuck Pheasant Pigeon 


Crop 4S 60 4.9 5.8 4.3 

Proventiiculus 4.4 4.7 3.4 4.7 4.8 

Gizzard 26 22 2-3 2.1 2.0 

Duodenum 5.7-6 5A-65 6.0-65 5.6-6 52-5.4 

Small intestine 5 8-64 6.7-7 61-6.9 6.2-6.8 5.S-5.9 

Large intestine 63 65 67 66 5.4 

Ceca 5.7 53 50 5A — 


♦Adapted from Fatner (1942) 


of starch and glucose is virtually the same. 

Four kinds of enzymes participate in the 
stepwise hydrolysis of carbohydrates. TTie 
chicken produces saliva sv-hich contains 
amylase (carbohydrate-splitting) activity 
(Leasure and Link, 1940). The action of 
this amylase occurs in the crop during any 
temporary storage of food there. This 
action probably stops in the gizzard be- 
cause of the low pH. Further carbohydrate 
digestion is then carried on in the intestine 
by the amylase of pancreatic juice. Both 
the salivary and pancreatic amylases are 
alpha-amylases which attack the starch 
molecule by hydrolysis of random 1,4-glu- 
coside linkages within the molecule, pro- 
ducing successively smaller polysaccharide 
units. Starch molecules consisting of 
straight chain (amylose) polymers have 
only the l,4.1inkages and can be completely 
degraded to the disaccharide maltose 
(Ci 2 H 220 ii) by the action of these two 
amylases. A part of the search in grains has 
a branched chain siniciore termed araylo- 
pectin which cannot be completely hydro- 
lyzed by the salivary and pancreatic alpha- 
amylases. It requires another pancreatic 
enz)TOe termed l.d-oligoglucosidase whicli 
specifically hydrolyzes the branching link- 
ages, and allows the further degradation of 
the starch to maltose. Maltose is hyilro- 
lyzed to glucose by an intestinal enzyme 
called maliase. It is yet uncertain whether 
this enzyme acts in the intestinal lumen, or 
whether the final degradation of maltose 
to glucose lakes place in the cells of the 
intestinal mucosa. 

Specific enzymes for the hydrolpis of 
other disaccharidcs arc also present in the 
digestive tract. They include sucrase 


which hydrolyzes sucrose, and lactase 
which hydrolyzes lactose and has been 
shown to be present in the crop (Hamilton 
and Mitchell, 1924), 

Since domestic birds are grainiferous 
animals, it is pertinent to note that grains 
and other plant materials contain amylases 
which are active under appropriate condi- 
tions of moisture and pH. These enzymes 
are beta-amylases which differ from the 
alpha-amylase of animals in that they split 
maltose units from the ends of starch mole- 
cules rather than hydrolyzing interior link- 
ages. Digestion by plant amylase action 
could occur in the crop or in the intestine. 

Protein Digestion 

The end producu of protein digestion 
arc the amino acids, whiclx are the unit 
components of the highly complex protein 
molecules. The degradation is achieved in 
a stepwise fashion, sviih the participation 
of enzymes from gastric juice, pancreatic 
juice, and the intestinal secretions. From 
a nutritional standpoint, there is no 
significant absorption of intact protein 
molecules or peptides. In making this 
statement, it is recognized that in very 
young animals there is absorption of intact 
proteins or protein subunits from the gut, 
and that this ii an important mechanism 
for acquisition of antibodies; furthermore, 
it is recognized that absorption of anti- 
genic amounts of proteins is involveti in 
allergies. From an over-all vien- of protein 
nutrition, however, these are of minor 
magnitude and will not be considcrcil 
further in this discussion. 

The various proteases, as shown in 
Table 2-1. have a high degree of specificity 
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absorption. The complexity of the reaction 
mixtures in the gut has other nutritional 
implications as well, and it is known that 
the availability of some nutrients, especially 
minerals, can be markedly influenced by 
composition of the diet. 

Knowledge of the digestive machinery 
and Its functioning in a given species is 
based on p) the enzyme apparatus, and the 
physiological environment in which it 
functions; (2) the properties of food ma- 
terials which are processed, including the 
susceptibility of their component! to 
enzymatic hydrolysis and the action of in 
hibitory substances which the food mav 
contain; and (3) the total piocessing 
capacity of the tract. Each of tL aspect! 
will be considered in this discussiorof 
digestion in birds, Limited consid^ 
"ill be given to anatomical structure and 

moyS"''™ Of 

coSe^S'r' 

>y«mofchiciS'"l “J”' 

in Table 2.1 which “ »hown 

»>ion and’ Teh™ 

characteristics of the ■ ^ oiochemical 
establish their detaiM'™ ■■> 

action, are not so well In “cchantsm, of 
•I'ocoughly stndted maCaL" 


I enzymes. 
(C.H„o,)n •*" H-o 

ilarth 

- kMl/162 gm 


Hosvever, the general functioning of the 
avian digestive system, its efficiency of di- 
g«lion, the m vitro action of the various 
digestive secretions, and the effects of 
enzyme inhibitors svhich have been 
studied, all indicate that the avian system 
has the diaracteristics common to non- 
^mifunts generally. In the discussions to 
follow, particular reference will be made 
to information known specially to apply to 
poultry, but most of the material on the 
action of digestive enzymes has come from 
investigations with mammals. 

The environment in which the digestive 
enzymes act is controlled physiologically, 
and IS affected little by diet except under 
rather extreme conditions. The typical pH 
conditions in the various sections of the 
tract are shown in Table 2.2. These differ 
irom the typical conditions in mammals by 
(*> less acid stomach contents, (2) somewhat 
intestinal contents, and (S) an 
acid bile. ' ' 

Cofbohydrete Digestion 
■^e main carbohydrate in the diet of 
ir $ IS starch, supplied by grains or grain 
“ver-all process is indh 
ated in the following equation which de- 
picts the hydrolysis of starch to glucose, the 
unit compound absorbed into the blood 
and transported to the cells of the body. 

°''^”*inpliGed description of the 
^ starch to glucose shosvs that it 
iro y hydrolysis, and that for every 
Starch hydrolyzed there are 
glucose. There is 
t^ii®nge in the gross energy 
in t IS process; although glucose has 
a lower energy value per ^am this is a 
hvdml*'™^ ^ increase in weight on 

bustihi^**’ amount of com- 

e energy in the equivalent amounts 


•Sn H.o 


nC,H„0, 


•5nCuH«Oa 

maltase 
glucose 

molecular weight 180n 
«i«gy = S74 kcal/gra 

= 673 kcal/180 gm 
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TABLE ZZ 

The pH Environment of the DicEmvE TkAcr of Five SPEaE5 of Birds* 
Chicken Turkey Duck PheTsr 


4£ 

4.4 

2.6 

5.7-€ 

5 8-6.4 


Crop 

Provemticulus 

Gizzarct 

Duodenum . . . 

Small intestine 
Large intestine 

Ceca 

•Adapted from Farner (1942) 

of starch and glucose is virtually the same. 

Four kinds of enzymes participate in the 
stepwise hydrolysis of carbohydrates. The 
chicken produces saliva which contains 
amylase (carbohydrate-splitting) activity 
(Leasute and Link, 1940). The action of 
this amylase occurs in the crop during any 
temporary storage of food there. This 
action probably stops in the gizzard be- 
cause of the low pH. Further carbohydrate 
digestion is then carried on in the intestine 
by the amylase of pancreatic juice. Both 
the salivary and pancreatic amylases are 
alpha-amylases which attack the starch 
molecule by hydrolysis of random 1,4-gIu- 
coside linkages iWthin the molecule, pro- 
ducing successively smaller polysaccharide 
units. Starch molecules consisting of 
straight chain (amylose) polymers have 
only the 1,4-Hnkages and can be completely 
degraded to the disaccharide maltose 
(CijHjjOn) by the action o£ these two 
amylases. A part of the starch in grains has 
a branched chain structure termed amylo- 
pectin which cannot be completely hydro- 
l)’2ed by the salivary and pancreatic alpha- 
amylases. It requires another pancreatic 
enzyme termed 1,6-oligoglucosidase which 
specifically hydrolyzes the branching link- 
ages, and allows the further degradation of 
the starch to maltose. Maltose is hydro- 
lyzed to glucose by an intestinal enzyme 
called maltase. It is yet uncertain whether 
this enzyme acts in the intestinal lumen, or 
whether the final degradation of maltose 
to glucose takes place in the cells of the 
intestinal mucosa. 

Specific enzymes for the hydrolysis of 
other disaccharidcs are also present in the 
digestive tract. They include sucrase 


which hydrolyzes sucrose, and lactase 
which hydrolyzes lactose and has been 
shown to be present in the crop (Hamilton 
and Mitchell, 1924). 

Since domestic birds are grainiferous 
animals, it is pertinent to note that grains 
and other plant materials contain amylases 
which are active under appropriate condi- 
tions of moisture and pH. These enzymes 
arc beu-amylases which differ from the 
alpha-amylase of animals in that they split 
maltose units [rom the ends of starch mole- 
cules rather than hydrolyzing interior link- 
ages. Digestion by plant amylase action 
could occur in the crop or in the intestine. 

Protein Digestion 

The end products of protein digestion 
are the amino acids, which are the unit 
components of the highly complex protein 
molecules. The degradation is achieved in 
a stepwise fashion, svith the participation 
of enzymes from gastric juice, pancreatic 
juice, and the intestinal secretions. From 
a nutritional standpoint, there is no 
significant absorption of intact protein 
molecules or peptides. In making this 
statement, it is recognized that in very 
young animals there is absorption of intact 
proteins or protein subunits from the gut, 
and that this is an important mechanism 
for acquisition of antibodies; furthermore, 
it is recognized that absorption of anti- 
genic amounts of proteins is involved in 
allergies. From an over-all view of protein 
nutrition, however, these are of minor 
magnitude and will not be considered 
further in this discussion. 

The various proteases, as shown in 
Table 2.1, have a high degree oUpecificity 
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in the kinds of peptide linkages which they 
hydroljze. The gastric juice contains the 
gastric protease (pepsin) and hydrochloric 
acid. It is secreted by the true stomach 
(proventriculus) and carries on its action 
primarily in the gizzard. Its action is to 
hydrolyze proteins at peptide linkages 
which involve an aromatic amino acid. 
The action of gastric juice is followed by 
the pancreatic proteases, trypsin and 
chymotrypsins, contained in pancreatic 
juice which enters the small intestine at 
the distal end of the duodenum. These 
enzymes also hydrolyze specific peptide 
linkafjes as iadicatjed i.n.Ta.hle. ^,1. ll’{ tJhis 
time the proteins have been reduced to 
smaller and more soluble polypeptide frag- 
ments. They are hydrolyzed to amino 
acids by three kinds of enzymes. One, from 
the pancreas, termed carboxypeptidase, 
hydrolyzes proteins and peptides progres- 
sively from the free acid end of the mole- 
cule. Other enzymes classed as amino- 
peptidases. produced by the tissues of the 
small intestine, conduct a similar prt^res- 
sive hydrolysis beginning from the end of 
the molecule with the free amino group. 
Other specific intestinal enzymes split 
specific dipeptides. 


FA 
Lipase 
FA I 


Lipase 1 


-f FA 

Isomerization 

FA 


r 


Lipase 


Fol 

Hycfrolysis of fats is catalyzed by the pan- 
creatii: lipase (fat-splitting enzyme) in a 
process which is in some ways more com- 
plex than the digestion of either carbo- 
hydrates or proteins. The pancreatic and 
bile secretions establish an intestinal pH 
of approTumately 6 in which environment 
the bile acids emulsify the dietary fats so 
that they present a large surface for lipase 
actiott- The lipase catalyzes the partial 
hydrolysis of triglyceride fats, splitting off 
fatty acids by hydrolyzing the primary 
(alpha) glyceride ester linkages. The end 
in twwtiVj fVA'j 
acids and the 2-monoglyceride ester, be- 
cause ‘he pancreatic lipase is specific for 
the hytholysis of the terminal (alpha) ester 
linkages (Mattson and Beck, 1956). How- 
ever, part of the fat is hydrolyzed only to 
the Jiglyceride stage, and a small amount 
is hydrolyzed completely to fatty acids and 
glycerol; the complete hydrolysis ap- 
parently occurs because the 2-mono- 
glyceride isomerizes to form 1-mono- 
glyceride, which can be attacked by the 
lipasC- The following is a scheme of tri- 
glyceride hydrolysis by pancreatic lipase: 

The nionoglycerides are powerful solu- 


Triglycefide 

(FA indicates fatty acid; 

-C indicates glycerol molecule) 

Diglyceride + fatty acid 


2-Monoglyceride -f fatty acid 


l-Mon(^lyceride 


+ FA 


Glycerol -1- fattv arid 
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biliring substances, with the result that 
the combination of monoglyccrUlcs, di- 
glyccridcs, bile salu, and fatty acids, to- 
gether svith some undigested triglyceride 
forms a highly stable fat-in-«Mtcr unit 
known as a micelle {Hofmann and Borg- 
strom, 19G2). This is similar to the action 
of detergents in solubiliting many sub- 
stances. it is in the micc!!c form that the 
fat is absorbed by the intestinal cells. 
Within the cells there is resynihcsM of the 
components of the mixture into triglycer- 
ide fat which is then tratisponctl to botly 
cells. Tliere is considerable conirosxrsy at 
to the proportion of the triglyceride fat 
svhicli is hydrolyaed to the monoglycerhle 
fonn in digestion. Tlie weight of present 
evidence supports the view that the hydrol- 
ysis of a highly absorbable fat to mono- 
glyceride and fatty acids is essentially com- 
plete, and only a small proportion of the 
fat is absorbed as triglyceride. This is 
based on the analysis of intestinal contents 
during digestion in vivo, and on experi- 
ments using fats labelled with radioiso- 
topes whiclt have shown extensive rcdlsiri- 
billion of fatty acids in the absorbetl fat 
as compared to the ingested fat. This is 
also consistent srith the finding that unab- 
sorbed fat appears in the feces as fatty- 
acids and soaps, rather than as glycerides. 

The Control of Enzyme Secretion 
The glands which secrete the enzymes 
and digestive juices arc protected from self- 
digestion mainly because the enzymes are 
present in them in inactive forms. In the 
secretory cells of the pancreas, for instance, 
the enzymes are contained in small gran- 
ules known as zymogen granules. The en- 
zymes, which are proteins, require a cliem- 
ical activation which usually involves 
either hydrolysis of a particular peptide 
bond in its structure, or the splitting out 
of an inactive fragment (polypeptid) of the 
molecule. The activation of the protein- 
splitting enzymes is well understo^, and 
can serve to illustrate the principle. The 
gastric protease, pepsin, is secreted as pe]^ 
sinogen and is activated by hydrochloric 


acid which is produced by separate cells. 
Pepsin also activates pepsinogen and the 
process is therefore autocatalytic. The 
pancreatic proteases are secreted in the in- 
3ctitc forms trypsinogen and chymo- 
trypsinogen. An intestinal enzyme, entero- 
kinasc, activates trypsinogen to form tryp- 
sin, which in turn activates more trypsino- 
gen and also chymotrypsinogen. In addi- 
tion to confining the inactive enzymes in 
zymogen granules, the cells are equipped 
widi enzyme inhibitors, the purpose of 
which IS evidently to prevent damage from 
ch.'incc release of active enzymes within the 
cell. 

The secretion of the various digestive 
juices is controlled in mammals by lior- 
moncs whicli are produced by the gut tis- 
sues in response to the presence of food. 
Gastrin is produced by stomach tissue, and 
causes the secretion of gastric juice. Four 
hormones are produced by the intestinal 
tissues. Cholecystoklnin causes gallbladder 
contraction to produce bile flow. Secretin 
stimulates pancreatic juice flow, causing 
secretion of juice high in sodium bicarbon- 
ate and low in enzyme activity; pancreozy- 
min causes secretion of enzyme-rich pan- 
creatic juice. Enierogastrone acts to in- 
hibit flow of chyme from stomach to intes- 
tine. and acts as a rate regulator. It is 
likely that mechanisms analogous to these 
regulate digestive secretions in birds as 
well. 

THE ORGANS OF DIGESTION AND 
ABSORPTION 

The special features of the digestive 
tract of birds are easily distinguished and 
are related to feeding behavior and di- 
gestive efficiency. A brief description of 
the parts, their general functions, and 
particular characteristics form this section 
of the discussion. 

Mouth 

The mouth is hard surfaced, lacks teeth, 
and has a relatively sparse supply of 
salivary glands (Leasure and Link, 1940) 



ChcpJcr 2: DIGBSTION 


67 


digestive secretions. It has a keratinized 
lining formed by the underlying glandu- 
lar la)er of the organ. The grinding action 
of the gizzard is greatest when stones (grit) 
arc present, and insoluble grit can be re- 
tained in the gizzard for a very long time. 
The efficiency of digestion is impaired 
vthcn diets containing whole grains are feil 
in the absence of a grinding agent, but 
there is little effect of grit on digestibility 
vhen the diet is composed entirely of 
ground components (Fritz, 19S7). IVith the 
commonly used meal (mash) or pelletized 
diets in commercial meal production, for 
instance, there is no significant effect of 
grit on growth rate, food intake, or appar- 
ent efficiency of food utilization. 

Surgical removal of the gizzard does not 
impair digestive function or survival so 
long as a suitably ground ration is fed. 
Digestibility studies with gizzardectomized 
binls have shown little impairment in food 
utiliation (Fritz et al, 1936), 

Small Intestine 

'Hiis part of the digestive tract is the 
section for food processing and ab- 
wrptian. The proximal part of the small 
mteiinc forms the duoden.il loop within 
"hich is situated the large and well-defined 
panocas. Gastric digestion probably con- 
tinues in the early part of ilie duocienum 
timi! the point is reached at svhich pan- 
^Miic secretions (S ducts) and bile (2 
enter the gut. These secretions 
mtahlish an intestinal pH in the r,inge 5.5- 
'‘hich initibiu the gastric prote.ise but 
effective digestive action of the 
'I'^tnes of ihe pancreas and intestine. All 
^ ®f the major kinds of food compo- 
''t.tscked by the pancreatic swe- 
indicated in the summary of dig^ 
fnrymes and their action presenicil in 
^ ^ 2.1. 'pjg niain task of carbohydrate 

is carried on by the pancreatic 
I'l*' l)cen reported that the 
III the chicken also contributes 
activity. Tlie pancreas also 
siy i! r digestive lipases 

function in the bird. 


Removal of the panaeas or ligation of 
the pancreatic ducts causes a profound re- 
duction in the digestion of protein and 
fat in the chit ken. Tlic effect on st-ircfi 
digestion is much less striking, llic rcsluc- 
tion being to about 70 per cent of nnrni.il 
^igestibilics Digestion c.an be restored es 
semially to noiinal levels bv the .nldinon 
to the diet of raw beef pancreas, or prr 
sumably pan(ie.itif tissue from other 
animal sources (Ariyoshi et nl., 19CI). 

The small intestine is lined with finger 
like projetiions ^villi). the surfaces of whali 
are made up of absorbing cells and mucus- 
secreting (goblet) lcIIs. It has been tom 
monly considered that the secretions of the 
sni.ill intestine (the soc.illcil suecui etuey 
cus) contribute the enzymes winch arc in- 
volved in ilic terminal hydrolysis of carlx* 
hydrates and proteins. On the basis o 
relatively recent studies, it appears ai lean 
equally likely tliat the hydrolysis of disar 
charides and small peptides may t.vke place 
in ihe absotli.ng cell, ol ihe miennu 
muco,n nnher linn in the 1““" ” 
teslinc. Il i, ihe suit-iee «''■ ' ' 

nhich pacicipnic in .'.''P'' 
n,a.ion nn.l resencranon winch naVn e 
E„, neiabnthra ,o <l)nannc. » " 
fidercl liUly U,at .ha 
in the lumen n[ the gut enme Imm me 
.tequama.c.1 cell, ra.her than trom .cere 
lory glands. 

' A° the junetiim 

i„.e,.,ne. ,,j,nen. n. 

are termnl ceca. P ^ 

Uic inlctine. ,),e .mall in 

general 5 lr.iciure i. i 

Line. In .he ™ ,l,e 

ijpical anil le.. nnm ' The ceca 
blind end, .dH »" b" ' died''' 

cvidcnlly 1*” *Lbc renconnl will, 

seeiclionu Tlicy in y intent* 

„,ter abm^nnn- nnc 
are general y ,^e ininunr 

lhan Ibe iM' 'h' 

,.ba.nl.e">-"“p’nn ol 

narticipate 
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through the action of microorganism* but 
this seems to have little or no nutritional 
significance. Surgical removal or ligation 
of the ceca does not interfere with digestive 
functions of the tract. The size of the ceca 
and nature of their contents may be 
markedly affected by diet; in particular, 
feeding lactose increases the fluidity of the 
contents and markedly lowers the pH of 
the ceca. 

The significance of the miaobial flora 
ot the digestive tract has been studied ex- 
tensn^Iy m recent years since the discovery 
that feeding small amounts of antibiotia 
may have nutritional benefits. A favorable 
effect of microbial fermentation on nutri- 
in the case of 

bio tin (Sunde el al.. 1950) and vitamin K 
(Nelson and Norris, 1961). both of which 

are absorbed m notmionally sieniBcarit 
aoiomts. Removal of the teea has been 

ran'IctToT'’'"'' i" 

S ■ , a ^ ''"arains when a deficient 

™ deleterions eSec, I-” 

l-orge tntesfme 

» ■"or. large 

ihe small intestine and "ral «! 

lorm some absorptive “ I**' 

"btorption is knoS To t.rpT' 

« probable that it ■' 

electrolyte balance. The LT 

communicates with ,b, , '"'otine 

"on eacretor, Teg* m?’"' »■»- 

“"ary wa„c, ate deliver .'’p* 

demonstrated bv raH:« ^ •' 

“1 radiographic studies that 


urine enters the large intestine and that 
the absorption of water and salts can occur 
in this region. It is probable that no im- 
portant digestive and absorptive function 
with respect to the major organic nutrients 
occurs in the large intestine, since apparent 
digestibility is similar in colostomized and 
intact birds. 

ABSORPTION 

Absorption in the mouth and crop is 
limited but significant, as shown by studies 
in which glucose absorption was demon- 
strated (Soedarmo et al. 1961). Interest- 
ingly, absorption from the crop is evidently 
selective, because the botuHnus toxin was 
shown to be completely unabsorbed from 
the ligated crop (Leasure and Folz, 1940). 

Absorption is mainly the function of the 
small intestine, which is admirably con- 
structed to perform this function. The lin- 
ing of the small intestine is covered with 
long fingerlike projections which are called 
'll' ' u * absorbing 

« s, the outer surfaces of which are made 
P of microscopic fingerlike projections 
nown as microvilli. This complex surface 
€ intestine provides an effective ab- 
wrptive area several hundredfold greater 
an It would be as a simple smooth 
^Itndri^l tube. The spaces between the 
icrovi I define the limiting dimensions 
tr, '"'ceHes which can be ab- 

. structure of the luminal sur- 
_ absorbing cells possesses the 

active absorption of nutri- 
*„,r: . absorbing cells which form the 

constant 

npifimi” desquamation, and re- 

SSTlr- “P dynamic turn- 

tissue. 

to digestive process is 

stnimir components to their unit 

the tnt P^^P^cation for absorption by 
cells. For both carbohydrates 
SneeTo ” compelling evi- 

sorotion * process of ab- 

mafter o”diS simply a 

comnoiiort of the water-soluble 

“"“pounds across the cell wall into the 



TABLE 2.3 

Time Required for Food Passage 

IN CmCXZNS AND TURKEYS 

PasugtTime 
liouis- klinutn 

Chickens 

3.46 

3-12 


3:20 

Hens, high environmental temp. . 
Hens, low environmental temp. . . 

3.46 

3:5! 

3:42 

II ^ ' 

3:50 

Turkeys 

Young hens 

2:27 

3.15 

Hens, nonlayers 

4 16 


intestinal mucosa. The evidence for active 
transport is based on observations shosving 
that simple sugars differ markedly in the 
rate at which they are absorbed— for in- 
stance, xylose is absorbed by diffusion at a 
slow rate, while glucose is absorbed com- 
paratively rapidly. Furthermore, galactose, 
glucose, and fructose, all actively absorbed, 
differ markedly in rate of absorption. The 
evidence for amino acids shows that the 
stereoisomers are absorbed at different 
rates indicating a selective and active trans- 
port for the nutritionally important amino 
acids. After absorption into the absorbing 
cells these substances are transferred into 
the blood stream across the base of the cell. 

At the present time, it is not knosvn 
whether a similar active transport system is 
involved in the absorption of fats. The 
significance of the micelle structure as the 
form of fat absorption seems well esta 
lished, but a transport mechanism has not 
been defined. 

A micelle size of the order of 50 diam- 
eter is necessary in order to penetrate the 
space between two microvilli, and t is w 
readily achieved under the conditions ot 
the intestine. After absorption, trig ycer 
ide fat is resynthesized in the absor mg 
cell, and the fat droplet is ready for tranv 
port. In the mammal, this is mainly in t e 
lymph via the thoracic duct to the ” 
vein. In birds, it is not known svhethcr the 
main path is via the lymphatics or 
portal blood. 
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Different regions of the small intestine 
apparently are involved in the absorption 
of various classes of substances. The fats 
are absorbed in the proximal half of the 
small intestine. The absorption of various 
carbohydrates differs as to location. This 
regional specificity likewise suggests that 
specific transport mechanisms are involved 
for all of the important major nutrients. 

NUTRITIONAL ASPECTS OF DIGESTION 

The digestive tract of the chicken and 
other domestic birds is relatively short, 
and the time required for food to pass 
through the tract is also relatively short. 
Data illustrating approximate time for 
food passage are summarized in Table 2.S 
(Hillerman et al.. 1953). In spite of these 
seeming disadvantages, the efficiency of 
digestion and the total capacity for the in- 
take and processing of foods are quite high. 

Chickens are typical nonruminants, as 
illustrated by ability to utilize various 
reference substances (Table 2.4). Corn- 
starch, suaose, and glucose are nearly 
quantitatively digested and absorbed, 
while cellulose is completely unutilized. 
The utilization of these carbohydrates as 
they exist in natural food materials is con- 
sistent with the results obtained when they 
are fetl as the pure substances. 

Estimation of the carbohydrate value of 
a feeding material is frequently made on 
the basis of chemical analysis for crude 


T.^BLE 2.4 
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BY T1IE ClIlCTEN 
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Cellulose .. . • 


Iso]3lc<l sosbcjn proifin 
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03 

87 


Corn oil ■ • 
Soslon oil 
Rtrf »ilo»' 


OS 

OS 
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fiber, %vhich determines that portion o( the 
organic matter of the feedstuff which is un- 
dissolved by hot acid and hot alkali. This 
analytical method makes an empirical esti- 
mation of the indigestible carbohydrates, 
including variable amounts of cellulose and 
hemiceliuloses which form the main pan 
of plant cell walls, and lignin which is a 
cementing substance of plant cell walls 
Tables of digestibility of food components 
frequently indicate a measurable digesti- 
bility of the crude fiber fraction of feeding 
materials, suggesting that these complex 
carbohydrates are somehow digested and 
utiliied. It is quite clear that there are no 
animal-produced enzymes which can hv- 
drolyze cellulose or lignin, so that what- 
«er modification or disappearance of 
hese compounds apparently takes place in 
the digestive tract of a bird is due to the 
action of plant or microbial enzymes. The 
nuintional significance of ‘•digestible’’ 
crude fiber is therefore open to question 

amfScu analytical 

artifacts than to true utilization. When it 
s also recognized that the crude fiber d“ 
ermma ion generally underestimates the 
oial indigestible carbohydrates of the feed- 
fm “ becomes clear that this 

empirical estimation is of very limited util 

=«Pproach (Carpenter and cLl K I 
may be developed into a mnr!^’ 

»ive of Ld evaluation a7S 

JS.X dtasSiCf Td 
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underestimate of the total indigestlbles of 
the diet. The addition of pure cellulose to 
a diet does not reduce the utilization of 
other components, but is handled by the 
bird simply as a diluent. 

Extensive investigations of the digesti- 
bility of various carbohydrates and crude 
fiber in natural feedstufis have been re- 
ported by Fraps (19S1) and Bolton (1955). 
Their findings agree with the concept that 
starciies and sugars are highly utilized, and 
that cellulose and lignin have zero value. 
The main uncertainties are associated with 
estimating the utilization of hemiceliuloses 
and pentosans which are of questionable 
value to the bird. Cellulose has been 
shown to be unutilized, both by digestion 
trials (Tasaki and Kibe, 1959) and in 
metabolizable energy studies (Anderson et 
ah, 1958). Turkeys have been considered 
to be good "roughage consumers,” and it 
was thought that they might make better 
use of crude fiber components than other 
birds, pymsza and co-workers (1955) found 
little apparent utilization of crude 
turtey*" studies with growing 


- ju laoie tne utuization 

ol )^rious isolated proteins is also quite 
•g • Furthermore, the capacity or toler- 
ii!^^i.°u dietary levels of protein is 

.' is no apparent reduction 

m protein digestibility when diets contain- 
•ng protein at twice the usual levels or 
wr? g'^n^al, the digesti- 
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of the latter which is o£ particular interest 
is the estimation o£ the epsilon-amino 
group o£ lysine. In undamaged proteins, 
this reactive group is in the free uncom- 
bined state and can be measured by ap- 
propriate reagents; in a heat-damaged pro- 
tein, this group forms indigestible linkages. 
A decrease in epsilon-amino lysine indi- 
cates both a decrease in the lysine value in 
the protein and also general damage 
which interferes with digestion (Carpenter, 
1960). 

Vegetable oils and such animal fats as 
lard and the fat of poultry are well utilized 
by chickens and other domestic birds. 
Furthermore, the capacity for utilization of 
fat is very high, and it has been shown ex- 
perimentally that diets in which most or 
even all nonprotein calories are derived 
from fat can be fed successfully (Donald- 
son et ai, 1957; Renner and Elcombe, 
1963). This is in interesting contrast to the 
generally accepted view of only a few years 
ago that poultry have a very limited 
capacity to utilize fat. Digestibility (ab- 
sorbability) data for representative fats are 
given in Table 2.4 and show virtually 


quantitative utilization of common vege- 
table oils and low melting animal fats. 
Animal fats of high melting point, such as 
beef tallow, arc less well utilized (Renner 
and Hill, 1960a), Studies of the utilization 
of fatty acids fed as such have shown that 
the long chain saturated fatty ^dds are 
virtually unutilized; absorbability is higher 
for shorter chain saturated fatty acids. The 
unsaturated fatty acids, as oleic add and 
linoleic add, are highly absorbable. 
absorbability of a particular fatty acid de- 
pends on the composition of the mixture 
in which it is fed, but in general the utili- 
zation of saturated fatty acids fed m the 
free form is very much less than when ey 
are part of a triglyceride fat. This is in- 
sistent with the present concept of dig«* 
tion and absorption of fats (as 
in a previous section) in which t he or- 
mation of micelles through detergent 
action depends on the presence of mono- 
glycerides. In general, it is found at a 


free fatty acid mixture derived from the 
hydrolysis of a triglyceride fat is less well 
utilized than the fat from which it was 
prepared (Renner and Hill, 1961). Recent 
studies have indicated that oleic acid may 
have special properties in facilitating the 
utilization of other fatty acids (Young and 
Garrett, 1963). 

An extensive summary of the scientific 
literature on digestibility of feedstuffs for 
poultry has been prepared by Olsson 
(1950). It is organized according to the 
conventional analysis scheme for feeding 
materials and shows the apparent digesti- 
bility for crude protein, ether extract (fat), 
crude fiber, and nitrogen-free extract 
(carbohydrate). Digestibility studies are 
difficult to conduct with birds because they 
excrete the indigestible and urinary wastes 
together. Surgical alteration (such as 
colostomy) or chemical separation of the 
excreta components is necessary. The 
older data in the literature are particularly 
subject to the limitations of the methods 
used. The total nutrient value of the 
major organic components of feedstuffs can 
be determined as metabolizable energy 
(ME) by heat of combustion analysis 
(bomb calorimetry) using the mixed ex- 
creta (Hill el ttl., 1960). Extensive studies 
of the ME value of feedstuffs for poultry 
have been conducted in recent years. The 
values obtained agree closely with those 
which can be calculated from well-con- 
ducted digestion trials, showing that the 
total ME of a diet or diet component is the 
sura of the energy values of its digestible 
protein, carbohydrate and fat. Repre- 
senutive values for the ME of some com- 
mon feeding materials are shown in Table 
23. 


NHIBITORY EFFECTS 

Deleterious effects on digestion and ab- 
orption arc associated with certain feed- 
fufo. Uncooked soybean meal has a 
narked growth retarding effect on non- 
imiSnt animah, including ch.ct, and 
Sey pnulta, due to the presence of 
"era! growth inhibiting substance., A 
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TABLE Z£ 

RrpRiiZNTATTVE Metakolsable Exebcv VaiUES I 
Common Feemnc Matemau for Ojicrens 


Corn 

Milo 

\Vheat 

Barley 

Oats 

Wheat middlings 
Wheat bran 

So,bn„ „„i, M p„ 

Soybean meal. 44 per tent protein 
Cottonseed meal. 4^ per tent protein 

Meat meal. 50-35 per cent protein 
Fish meal, menhaden 

Alfalfa meal. 20 per cent protein 

Feed grade tallows 
Feed grade greases 
Fish oils 


Metabolizable Energy* 




keal/kg 

3.370 

SJOO 

3.190 

2.820 

2.660 

1.890 


2,500 

2.210 


1,370 

1,580 

7,110 

7,920 


8 per cent), meat 
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P'^'^th inhibiting effect characteristic 
0 barley produced under dry fanning con- 
"ions can be overcome by supplementing 
‘he diet with plant or microbial amylase 
preparations or by water treatment of the 
iqIL^ hy drying (Jensen ef oi* 

A highly purified bacterial enzyme, 
eta-glucanase, is effective in very small 
amounts in improving the nutritional per- 
formance of barley, suggesting that the 
specific glucosidal linkages (beta-1.3 and 
beta-1.4) attacked by this enzyme may be 
Jhe limiting factors in barley utilization 
(Kickes et al, 1962). It has been found 
•hat wrater treatment and the feeding of 
‘Mctertal enzymes significantly increases 
“le metabolizable energy of barley, indi- 
improvement in digestibility. The 
wmus findings suggest that the poor rt- 
sb«s from feeding this kind of barley 
e due to a specific deleterious effect 
ot a specific indigestible carbohydrate-not 
™wly to the fact that the carbohydrate 
ue of the barley is somewhat reduced 
^tise part of it is indigestible. 
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Perhaps a parallel situation is involved 
in recent studies which have shown that 
certain natural gums, including the guim 
of guar and tragacanth, markedly inhibit 
the growth of chicks when fed at low levels 
(less than 5 per cent) in the diet (Kratzer 
and Vohra. 196S). The mechanism by 
which gums are inhibitory to growth is not 
known, but the observations suggest inter- 
ference with the digestive process, as well 
as more direct inhibitory effects. Enzyrne 
treatment of the gums has been effective in 
overcoming inhibition. 

The characteristics of carbohydrates 
from various plant sources, or factors as- 
sociated with them, may have important 
effects on utilization. Corn varieties con- 
taining a high proportion of the starch in 
amjlose (linear) form have been shown to 
have markedly lower digestibility of starch 
than the usual varieties which have less 
amylose and a higher 
amylopectin (branched) (Borchen, 1962). 
methcr this is due to the glucosidic link- 
ages in the respective starches or to factora 
of a different nature associated with starch 


configuration is not known. 

The digestive efficiency and digesm-e 
capacity of birds is markedly stable. Tm 
value of a diet per unit 'iveight, rneasurw 
as metabolizable energy which indicates 
over all digestion, absorption, and utili- 
zation, is essentially unaffected by the leve 
of feeding. Even conditions such as treat- 
ment with certain hormones which imt 
edly increase Uie level of food intake above 
normal have no effect on the percentage 
digestibility or metabolizable energy per 
unit weight of the diet. Aside from some 
characteristics associated svilli the 'try 
young chick, there is essentially no elieci 
of age on digestive efficiency, and i ct 
enccs associated with breed, sex, 
rate, etc, are evidently minor and ol Ui c 


practical significance. . , 

In general, associative effects o 
components do not ocatr. That is to «y. 
the value of a food mixture is generally tw 
sum of the individual values of i« compo- 


nents. However, there are some interesting 
and important exceptions to this generali- 
zation. For instance, there may at times be 
an improvement in the absorbability of 
poorly utilized fats (such as beef tallow) 
or fatty acids when they are fed in combi- 
nation with a highly absorbable fat. indi- 
cating that the properties of the mixture 
are not directly predictable from the prop- 
erties of the component parts. Another 
example is the interference of certain diet 
components with the availability of certain 
minerals, particularly trace minerals. Feed- 
ing a high level of calcium, for instance, 
can interfere with the utilization of 
manganese. Furthermore, the availability 
of zinc seems to be reduced in the presence 
of soybean meal due to specific interfer- 
ence of the combination of calcium phytate 
and certain protein components with the 
absorption of zinc (O’Dell and Savage, 
1960). The availability of zinc can be en- 
hanced under these unfavorable conditions 
by adding lo the diet chelating agents such 
as EDTA (ethylene diamine tetraacetic 
acid) (KratzercMf.. 1959). Such substances 
modify the solubility and ionic properties 
of metal ions, and thereby influence their 
availability to the animal. Other natural 
binding agents and chelating substanew 
undoubtedly exist in foods and their 
hydrolysis products which can modify the 
utilization of rcquireil minerals. Some 
amino acids, and probably protein frag- 
ments as well, have chelating properties. 

Minerals arc absorbed and excreted in 
die RUt by active transport mechanisms 
which arc under the control of the systems 
which maintain constant composition of 
body fluids and stmetures (liomeostasis). 
Tlie extent of absorption of iron, for in- 
,lanc,. i, conlrollBl accor.ling to nml lor 
.j-mlioii ot licmoElobin. It « 

tin in the inirttin.,1 lin.i« ■ktt™'"'' 
rntln, nt i-nn ,b»tUnl. ITtc t.b-nrpt;™ 
ot lotliiim, potatiium, calcium, chloride, 
phoipbalc, aid mltaie all bate l«xn .bnn n 
lo take place by aeiiie tran-iiort. 
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OTHER FUNCTIONS AND PROPERTIES OF 
THE DIGESTIVE SYSTEM 


Though the digestive and absorptive 
iunctions of the gastrointestinal tract pre- 
dominate. some biochemical processing 
also occun in the gut tissues. One such 
process is the synthesis of vitamin A from 
carotenoid pigments which serve as its 
precursors. Another, of course, is the syn- 
thesis of triglycerides and phospholipids 
from the digestion products of fats. 

The significance of the microflora of the 
gut has been studied extensively in several 
ways. The chick was among the first 
animal species to be reared under germ- 
free conditions, demonstrating that a 
norma! bacterial fiora is not necessarv- to 
life. Since the discovery that small 
amounts of antibiotics added to the diet of 
chicks can markedly stimulate growth 
many investigations of the relation of diet' 
snd to gut flora and the anti- 

biotic elect have been made. The coneect 

Se'rtfc",’!'’' “"'biotic, 

«ett their favorable eject by overcoming 

the gut, bated on three hinds of evidence 
quarters commonly used for chifkpn. , 1 , 

matbed ^„„th , Lula. ” ‘b ' 

Icvding, their maximum growth rat, b 
equal to Uie chick, i„ rS, d' an 1 

Third, the establishment of a in ’ ^ 

i" Sc.i?ar.ro;r"' 


Andenon. D 1_ Hilt F \ir .. 


marked inhibitory effect from Clostridium 
welchii, which was prevented by feeding 
penicillin (Lev and Forbes, 1959). The de- 
gree of response to dietary antibiotics has 
been difficult to relate to changes in in- 
tntinal flora, and it is unlikely that a 
single kind of inhibitory effect is involved 
under all conditions, but it is clear that 
the antibiotics exert their effects through 
the microflora. 

>^sociated with the favorable effect of 
antibiotics on grosvth is a reduction in the 
weight and thickness of the intestine 
(Coates et al, 1955). The significance of 
this change is not known, but it suggests 
the possibility of improved gut function. 
Recently, it was reported that dietary 
metabolisable energy was increased signifi- 
cantly by antibiotic supplementation 
under conditions in which the growth of 
chicks was improved 10-20 per cent (Nel- 
son et al, 1965). 

In a sense, the lumen of the digestive 
tract is pari of the external environment 
ol the animal, and is subject to the ex- 
ternal influence of food supply and mlao- 
orgamsms. It is quite remarkable that the 
conditions in the tract are maintained so 
y* ^ indicated by such measures 
. ^ percentage of water in 

we gut contents (Lepkovsky et al, 1957). 
the relationship of host to microflora in 
pou^ includes the inhibitory effect dis- 
“iso favorable 

ftipc- ^ biotin are syn- 

^ “O’i absorbed in 

^ificani amounts by the chicken, 
servp established flora may 

viu * “Offer to prevent invasion of the 
and m unfavorable microorganisms 

animal * '' achieved by the host 

*n the prevailing environment. 

REFlRENCts 





chapter 2: DIGESTiON 


75 


: 1962. Digestion in the crop of the fbwL Pioc. Notr. Soc. 21:xxiv. i _ *0.1415 

Borchers R- 1962. Digestibility of the stardi of tu^-amylose com by rats. Cereal Chem. 39.145. 

Kbili S, Ne^hetofM. C., Ld Hill. F. Wb 1961. ElfcC of .opplomonm.on on >he 

Utilization by the chick of diets containing raw s^bean oil meal. Jour. Nutr 75.1^ 
Calhoun, M. L.: 1954. Microscopic Anatomy of the Digestive System of the Chicken. The Iowa 

Carp^enter,^K!'^j!^”l960.”Eifimat’ion of the available lysine in animal-protein foods. Biochem. 
__i[^'’an”ci^, K. M.: 1956. Metaboliiable energy of poultry feeds in relation to their chemi- 
C„,S: Tbo ofcc. o, ao.fbfo.io. on .ho in.».,no of 

the chick. Brituh Jour. Nutr. ^110. G., Cummins, S. H.. and Cuth- 

— r.’,“TF'. "AfrHiS 'f chlcl no.H..o„. J.U0. sc. Food 

Con.b.. G. F., Ro„»o„ C G. and Co >«• S;nto » 

D,..;™ R'.'v.: oSi ”f9S:1’„vo..fgo,.?n ol cndo hbo, d.goc.on 

Foiner, D. W.. 1960. Digation ,nd ^'8“"“ 1,“ p. HI. 

FiJS'S ^9V■ 

Fo,b‘Si.rnd”r';;h"i."T^1m^^^^^^ 

Fnpttir 

F,U^Tc.:^Sk*?io O" -‘S”""""! 

W. H., and TUO.. H. W ■ 1916. CopipoCn o£ d.gc.lblll., in gi.d.,d,c.on.i„d 
H,m^?on"T's..'>:i‘MSS “h.' ^l. Tho o«oc.oc. of he... .n ,ho .h»on.=ry .-c 

Sci. 30:161. . L. B.. Jr-: >960. Studies of the metabohs* 

Hill, F. W.. Anderson. D. L.. Renner. ^ and i- ’p^ouj,ry sd. 39.578. , , 

chicks, with particular r*^*^*"*^* w O- WsTVood passage through chickens and 
Hillennan, J. P.. Krauer. F. H.. and Wil^. «• «.. 

turkeys and some regulating state of lipids in intestinal content 

Hofmann; A. F., and Dorgstrom. B.: 1962 ^ysiTO^ ^^j 

during their digestion and alworption. • . . . . J957. improvement in the nutritional 

Jensen, L. S., Fry. R. E.. Allred, J- D-. Poultry Sd. 56:919. , , . 

value of ba/ley for chicks by .snse of tite in the fowl. Poultry Sc. 

Rare, M. R., Black. R.. and Allison. E- C- ivai- 

36:129. . _ „ Marshall B. J- and Vohra, P.: 1959. The effect of 

Kratter, F. H.. Allred. J. B.. of «hylenediamin« acd on the b.o- 

autoclaving soybean protein and i , poults. Jour. Nutr. 68.315. 

logical availability of dietary »nc for pf rtftain naturally occurring poly 

31“ af “ 

Jour. Am. Vet. Med. Assn. 96:236. poultry Sd. 19:131. . 

i, and Link, R.P.: I&IO- S'“*« M „d D.miek, M. K.: 1957. Castro-mtesti^ 

Lepkoiaky. S.. Lyman. R.. inokeand rate of digestion. Am. Jour. Physiology 

regtilation of water and its eBeci on loou 

188.527. R I_ .nd D.mitF. M. K.: !9Ma. Food Inbilt. 

~^d M'; ”a.'“;bSblX. i'«>j"l,^“S R. G. .»d Dipalch. 5h G: 

. Chari-Bition, A. Lem“°”lh^i W eat their dally food in two hours. Poul 

to dietary penidllin of Ecrm-free chicks and 

‘^AfcVs^^ulitde'^bi^ed'S^ SeSe mJ'oianrci the chicken. Poultry Sd. 

Lindenma.er, P. and Rare. M. R~ »»»• 

S3:M5. 



76 


f. W. HILL 


V »“8hton.MilT]!n Co.. Boston. 

. groups-ofglycen^^iot. Brrf^ 

®'’‘* exogenous protein in the ali- 

dieiary anwbwtks ^2 oV^tHwMia'on^*’. ‘timulation of growth by 

42 903, " ' antibiotics on metaboliiabic energy of the diet. Poultry Sci. 

^'"'effecTofVgran^cKKtQ^y on Jhe vW «tamin K requirement of the chick. The 

O'Dell, R.L.IndSavaoe 1 E- Touliry Sci. 40:392. 

Biol, and Med 103-3b4 Ph>«-: acid on line availability. Proc. Soc. Exp. 

■? ■•-"'■I. tosl,I.„,b„b,b.5,i„,.„ och Sb.,™ 

Renner, R. and Hdl. F W 

various ages Poultry Sci. S^WD. *>* ctwn oil. lard and tallow by chickens of 

energy valu'e II soybe/w and^exWMte^d f ‘ on the metabolizable 

70-213 ' “ MWMteil soybean Oakes for the growing chick. Jour. Nutr. 

thick. ^our.'Nuu 'Tllwi.' ibc absorbability of saturated fatly acids in the 

Rick“4!'^t L 

SQed?”P*'n*’ *" B-glucanase from B subulis ' »•" *nd biological 

Sbnd':!';,;tx'f "\v’‘sry ' t 

*y^«U^bfo".fn?’'ri'’’' ^ ■The effect of diet 

VouS'T J '''' ' 

Auung, 1C. j , and Garrett R L • lOfts m * 

‘""'■“d <“<•» -“d. i; ,h, SiH'*,’'"' »” "I'd >l»o,ption of 

'ViUon, T. H incestmal Absorption W B S a McGraw-Hill Book Co, New 

W. W.B.SaundenQ,. Philadelphia, 1962. 



ROBERT N. SHOFFNER 

Department oj Poultry Science, VniverHty of Minnesota, 
St. Paul, Minnesota 


Heredity and the Defective in Poultry 


Changes in all phases o£ the poultry in- 
dustry have been rapid and have led w 
changes in patterns of pathological 
leras. Certain salient facts arc mentioned 
to focus attention on the biological com- 
plexity involved in production phenotypes 
of domestic poultry. 

A major problem is the continued an 
considerable change in environmental con- 
ditioTu that man forces on his animals. 
The tendency is to consider egg layers, 
broilers, and turkeys as mass production 
units with machinelike performance rather 
than biological creatures, responsive to en 
vironmental stresses. The danger inherent 
in "intensivism" is that increase in strwsors 
of all sorts can and do occur. Deep 
no litter, slatted floor, wire floor, mechani- 
cal feeders, automatic egg-gather:ng ^ 
vices, feeds designed to give a 
power for production, with high pro 
and high energy content, alteration t 
photoperiods, various kinds of confinem 
with their fatigue and social order pro 


lems are just a few of the '’improvements 
which are not entirely free of conditions 
contributing to pathological problems. 
Unfortunately the genetic adaptivity of 
the birds increases at a much slower rate 
than does the ingenuity of man in thinking 
UP new ways to harass them. 

There has been a gradual concentration 
ot bretding siocks into a relatively few de- 
chion-making hands, so U.at there are tov 
fountainhead sources of genetic materwl, 
and the resultant widespread dissemi- 
natien of single source slocks lias resulted 
in die loss of the isolation which oemn 
from many small breeder locations. This 
may be a potential means of speeding the 
Smination of new or existing disease,^ 
Tfiere has been a decided cliange in the 

Sk — 

rnfS'pSiiSn. Kost siithon, ex^ 
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strands are coiled into a helix so that 
particular nucleotides pair across the inter- 
stices of the helix. 

Adenine-thymine and guanine-cytosine 
are the variable bases in DNA which are 
involved in the genetic code. There is 
evidence that messenger ribonucleic^ acid 
(RNA) is involved as a transport unit be- 
tween the blueprint DNA in the nucleus 
and the cytoplasmic RNA associated with 
the ribosomes which are the site of protein 
syntheses. The DNA-RNA instruction 
code is not only the biochemical carrier 
of information of the life process from one 
generation to the next, but also determines 
the development of the new individual- 
The directions are formed from chance 
combinations of DNA arrangements from 
the sire and the dara at conception. The 
blueprint for reaction to various environ- 
ments is set at this time for the individual. 
How it fares depends upon its hereditary 
endowments and the severity of environ- 
mental conHicts. 

Troit Expression and Variation 
The “gene" locus concept as a physio- 
logically differentiated chromosomal seg- 
ment is a satisfactory representation 
hereditary unit for selection theory. The 
smallest hereditary unit for selection pi^ 
poses is the individual bird: the unit used 
by the poultry breeder. 

The phenotype or expression of a trait 
results from the combined influence o 
hereditary messages and environment 
forces. The longer the chain of . 

tween the first action of the “gene” and its 
final expression in the phenoty^ t e 
greater the complexity of effects which can 
arise from a simple alteration m the 
molecular configuration. Much of^ e 
complexity of relation between “gene* 
character is attributed to the multiplicity 
of stages intervening between initial artion 
and final expression in a series of reactions, 
each requiring a characteristic primary 
action of a “gene." Some clear cx^ples 
of this type have been described in Neuro- 


spora by numerous investigators beginning 
with Beadle and Tatum (1941), and lead 
to the one gene-one enzyme hypothesis. In- 
vestigators have determined that specific 
loci do control specific enzymes, and de- 
fects in the message system result in a 
breakdown of biochemical processes at a 
variety of levels, any of which result in 
functional disturbances. 


Variation 

Studies in several species show that each 
carries a considerable proportion of loci 
and even chromosomal segments which 
seem less desirable than its alternate. It 
might be expected that the superior allel 
or chromosome would supersede the other 
through selection so that some sort of ge- 
netic uniformity would be found for the 
superior allel, but polymorphism seems to 
be the rule in many populations rather 
than the exception. At one time there was 
a widespread opinion that selection would 
result in the establishment of the more 
favorable allel in the homozygous state and 
produce the ultimate animal. Hovww 
genetic variation in a population seem 
necessary for adaptivity. Lerner (1954 
cites considerable evidence n 

selection and/or inbreeding (both result m 
a loss of heterozygosity) m populations of 
chickens almost invariably results m loss of 
fitness and eventually an attenuation of 
plo^ess in selection. While the tendency 
for natural or wild populations is to be 
polymorphic, i.e.. to exhibit a 
Jf Lnetic diversity, it is not established 
thaf domestic poultry need be as heter- 
ogenous. 

Gensllc V-ria.Ion in Pornsilic 
The paraiitc, accorfing to 
is any organism which can use q 

*de‘”“’?hf rmro'piS' °»re phyl- 

£t::::-^r'Xrs.nmn,a,.hto. 

pods, etc. 
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trol afforded by Oiis type of breeding and 
multiplication as well as the high-lev'cl 
performance obtained suggest that such 
crossing systems will persist for some lime. 
Attention is no longer required by the 
breeder and flock owner to certain of the 
standard breed and variety defects. 

There are also changes in patterns of 
disease incidence as poor viability slocks 
have been eliminated and improvement 
has been made in the livability of surviv- 
ing strains and crosses. Some indication of 
this is shown in comparisons of random 
sample c^-Iaying test reports such as made 
by NfcClung (1961). It is obvious that a 
good deal of the competitiveness of the 
surviving commercial varieties is due to 
their superior viability. 

Increased densities give greater oppor- 
tunities for infective organisms to build to 
high concentrations and nonpaihogenic 
organisms to become pathogenic or at least 
hamful secondary Invaders. There seems 
to be an increased susceptibility to organ- 
isms normally protected against by sup- 
posedly innate resistance mechanisms. Ex- 
amples of these include high early-age 

S.'. • incidmce of lympho- 

ilem' * occasional cpi- 

clcram ol blackhead in chickens. ^ 
The .ncieased and combined nsc of anti, 
btottes may cesult in the evolution „t 
Th T'”t"‘ P“*'“S'nic invader types 
This ha, been demonstrated in both E 

u in m ‘“■'P'omycin resistance of^- 
tam m croorgamsms. Widespread use ot 

nSla a"d“thTL?rr'e'a“n:f 

tesistant sitains 'a,ri„vIverthL"""- " 

may not respond to therapeutic u^oS? 
hioucs. Appearance of aiyn.carfn™ i 

These inc,„de^he'"rc;'”:; “'Si 


tuberculosis in all pullet flocks, and eradi- 
cation and prevention methods which have 
been effective in reducing pullorum out- 
breaks. although on the whole control and 
eradication methods have failed to elimi- 
nate the Salmonella infections. Newcastle 
disease in Britain did not yield to the 
slaughter policy. The efforts to establish 
PPLO-free breeding flocks have only 
been partially successful. Part of these 
failures can be blamed on not following 
the rules, but the biological principles in- 
volved are obviously not fully understood. 


THE GENETIC MECHANISM 

Chickens and other poultry are complex 
systems with a built-in direction for life 
functions. This blueprint for development 
and reproduction of its kind is contained 
chromosomes of the cell nucleus. 
Variation in the genetic direction system 
as well as environmental effects have a 
profound influence on the well-being of the 
organism. There seems to be a certain 
mysticism about genetics caused largely 
by the definition of a "gene’’ and the un- 
certainty of quantitative traits which seem 
to be only vaguely controlled by genetic 
mechanisms. Recent findings in cellular 
lochemisiry and population genetics have 
advanced our understanding of these fac- 
tors and the part they play in species pres- 
ervation. It should be kept in mind that 
a gene has never been more than a postu- 
late to explain an actual occurrence. It has 
een generally supposed that the genes or 
determiners were molecular in nature. 
Knowledge about the hereditary material 
su^ests that there is in fact a precise 
mol^lar template. The hereditary ma- 
wat consists principally if not entirely 
ot deoxyribonucleic acid (DNA) which is 

a ong chain of four repeating nucleotides. 

Each nucleotide ’ &. . . 


., IS composed of deoxy- 

se, phosphoric acid and either a purine 
or PFimidine base. The long chain of 
nwleotides is believed to be one strand of 
chromosome. According 
to Wateon and Crick (1953) the double 
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segregations affecting form and function, 
some of which are lethal or sublethal in 
nature. Landauer (1951) listed 17 lethals 
affecting embryonic development. Several 
more have been subsequently reported. 

The rather simply inherited patho^ 
netic situations and genetic abnormals have 
been classified and discussed by both Hutt 
(1949) and Jull (1952). They report in 
some detail a considerable number affect- 
ing the skeleton, feathers, and organs. 
Waters and Bywaters (1959), authors of the 
chapter on genetics in the fourth edition ol 
this book, also cite several examples. A 
number of genetically interesting and 
physiologically important ones have since 
been reported, principally in Poultry 
Science and the Journal of Heredity. It is 
entirely likely that there are many ab- 
normalities ranging in effect from lethal 
to subvital which are never investigated. 
Hutt (1961b) has pointed out that com- 
placency about these in poultry is ill ad- 
vised as the number of the inherited ge- 
netic defects may in fact be much P*|***‘’ 
than now thought and advises vigilant 
breeding practice for an elimination o 
such defects. . 

The "genetic load" or proportion ol su^ 
vital loci which populations carry is muc 
greater than was once supposed, as sug 
gested by extensive studies in various a 
oratory species. In most cases natural selec- 
tion and/or selection by the breeder seems 
to have minimized the genetic load in tM 
domestic fowl and detrimental reccssiv 
have had little effect on production jwr- 
formance. Sometimes in closed popu a 
such as inbred lines there is added etton 
to purge undesired deleterious 
Those with clearcut segregation are m 
or less automatically 

viving inbred lines. Because of t e b 
reproductive rate, relative cheapness, 
general lack of sentiment attache 
individual chicken, extensive 
prevented some of the devastation . . 
occurred in certain of the highly rega 
registered cattle herds. . . 

Any genetic mechanism which gl 


to polymorphism such as heterozygote 
superiority (overdominance) either per se 
or through close linkage of positive fitness 
loci with deleterious loci may discourage 
elimination of undesirable loci. Such loci 
as self-sterility allels or miotic drive and 
segregation distortion situations as re- 
ported in mice by Dunn (1957) and dro- 
wphila by Sandler (1962a and 1962b) are 
self-perpetuating. 

Chromosomal Aberrations 

Few of these have been recorded in 
poultry, largely because of the complex 
a^nd obscure cytogenetic situation. How- 
ever it seems reasonable to suppose that 
these exist since they have been reported in 
drosophila, maize, mice, and man in which 
there has been cytogenetic exploration. 
Bernier (1960) reports a 50 per cent lethal- 
ity from appropriate matings which could 
be explained by a translocation or similar 
chromosomal aberration, although no cyto- 
logical evidence was obtained. Newcomer 
n959) described the cytological appearance 
of a translocation induced by X-rays m a 
carrier sire from the University of 
California flock. . 

In general, these sorts of genetic disturb- 
ances are not likely to be of economic im- 
Dortance unless there is a situation sirni ar 
to that described by Dobzhansky (1955) for 
Drosophila pseudoobscura in which in- 
version heterozygotes were highly viable. 
The chromosome abnormalities were kept 
in the population at a high frequency even 
though the homozygotes were lethal. Ihe 
inveSions are equivalent to singly power- 
ful loci, which substantially reduce the 
fitness of the population as a whole. 

Phenodeviants 

Lerner (1954) defined "phenotypic 
j -..nK as sDoradIc and ubiquitous for a 

Jn oecier^ut which fail to exhibit 
dear-cuf msndelian inheritance." A prin- 
• il example, certainly encountered by 
cipal P . jhe crooked toe traiL 

every faulty incubation. 
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The higher forms of parasitic organisms 
in liie main are diploid and sexual repro- 
duction svith the usual results from recom- 
bination, segregation, independent assort- 
ment, and mutation provide for genetic 
variety as in poultry. Hosvever, the bac- 
teria and viruses have vegetative reproduc- 
tion and are haploid, so mutation is a 
major source of nesv genetic variation. 
Vegetative reproduction through dupli- 
cation of the chromosome and transmission 


of these to each daughter cell continues 
identical heredity. Even though muta- 
tion of the spontaneous s’ariety occurs 
only rarely (probably at a no higher rate 
than in more complicated organisms), the 
haploid condition in a rapidly reproducing 
organism, svhere one cell in suiuble condi- 
tions may give rise to several million cells 
in less than 24 hours, provides considerable 
opportunity for selection to preserve new 
types. Recombination in bacteria has 
several^ mechanisms, conjugation, trans- 
formation, and transduction, although not 
of the ordinary crossing over type as in 
diploid organisms. The genetic flexibility 
of the microorganism is considerable with 
Its potential reproductive, recombinational, 
and mutational abilities for meeting new 
environments. 


Conjugation was desCTibed by Lederberg 
and Tatum (1946) in £. col, in which two 
cells fuse and form a cytoplasmic bridge 
with the chromosomes of the donor beine 
injected into die recipient 

ported by Avery ri d. (1944), DNA err 
met. hive been made from strepiomydn- 
re.,..an. bacteria, and thi, ex.rac. ^aS 
in he growing media ol .treploraycin 

;:™t''”ellr. Many „( the. 

were converted to reiinant cell, and 
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the infective stage the bacterial virus or 
bacteriophage attaches to the cell wall and 
empties its DNA contents into the bacte- 
rium. The DNA of the phages uses the 
bacterial cell contents to replicate itself. 
The bacterium is lysed, and the newly 
replicated phages are released into the 
medium. During the process of replication, 
the DNA of the host bacterium is used by 
the invading phage and more or less re- 
made to fit Its own pattern. Occasionally it 
carries along part of an intact message of 
the bacterium as well. This has been 
shown by infecting a resistant strain where- 
in the viral DNA occasionally attaches to 
the chromosome of the host cell and multi- 
plies as if part of the host chromosome. 
This phenomenon is called lysogeny. The 
startling and interesting thing is that every 
so often a resistant bacterial cell will 
emerge. Thus a genetic message of one 
bacterium is carried by a virus to another 
bacterium. 

PATHOIOGICAL CONDITIONS 
ASSOCIATED WITH HEREDITY 

The relation of genetics to disease is un- 
doubtedly one of the intricate and exciting 
aspects of pathology. Biologists are gradu- 
ally unraveling the relationship of genetic 
framework and environmental interaction 
within which life processes exist. Certain 
of these relationships are clear as with cer- 
tain of the simply inherited defects in form 
and function. Others are not as well 
understood, but show that different 
genomes of varieties, species, and indi- 
vidual members of each contain combi- 
nations of hereditary directions which are 
responsible for abnormals and nonviables. 

The pathological condition deviates 
from the normal and usually affects the 
well-being of the individual. Thus fitness 
is reduced so that the opportunity for 
tn^mum performance and the leaving of 
o&pring is hindered or abolished. Those 
abnormal conditions which are due to mis- 
m the genetic code (molecular or 
chr^osomal) have been called congenital 
or innate. Many of these are single unit 
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segregations affecting form and function, 
some of svhidi are IcUial or sublethal in 
nature. Landauer (1951) listed 17 lethals 
affecting embryonic development. Several 
more have been subsequently reported. 

The rather simply inherited patho-ge- 
netic situations and genetic abnormals have 
been classified and discussed by both Hutt 
(1949) and Jull (1952). Tlicy report in 
some detail a considerable number affect* 
rng the skeleton, feailten, and organs. 
Waters and Bywaters (1939), authors of the 
chapter on genetics in the fourth edition of 
this book, also cite several cx-amples. A 
number of genetically interesting and 
plqsiologically important ones have since 
been reported, principally in Poultry 
Science and the Journal oj HeTedity. It is 
entirely likely that there are many ab- 
normalities ranging in effect from lethal 
to subviial which arc never investigated. 
Hutt (1961b) has pointed out that com- 
placency about these in poultry is ill ad- 
vised as the number of the inherited ge- 
netic defects may in fact be much greater 
than now thought and advises vigilant 
breeding practice for an elimination of 
such defects. 


The "genetic load" or proportion of sub- 
vital loci which populations carry is much 
greater than was once supposed, as sug- 
gested by extensive studies in various lab- 
oratory species. In most cases natural selec- 
tion and/or selection by the breeder seems 
to have minimized the genetic load in the 
domestic fowl and detrimental recessives 
have had little effect on production jwr- 
formance. Sometimes in dosed population 
such as inbred lines there is added effort 
to purge undesired deleterious recessives. 
Those with clearcul segregation are more 
or less automatically eliminated 
''iving inbred lines. Because of the hign 
reproductive rate, relative cheapness, ana 
general lack of sentiment attached to tne 
individual chicken, extensive ouUmg J 
prevented some of the devastation that n 
occurred in certain of the highly regard 
registered cattle herds. . 

'^ny genetic mechanism which gi 


to polymorphism such as heterorygote 
superiority (overdominance) either per se 
or through close linkage of positive fitness 
loci with deleterious loci may discourage 
elimination of undesirable loci. Such loci 
as self-sterility allels or miotic drive and 
segregation distortion situations as re- 
ported in mice by Dunn (1937) and dro- 
sophila by Sandler (1962a and 1962b) are 
self-perpetuating. 

Chromosomal Aberrations 

Few of these have been recorded in 
poultry, largely because of the complex 
and obscure cytogenetic situation. How- 
ever, it seems reasonable to suppose that 
these exist since they have been reported in 
drosophila, maize, mice, and man in which 
tliere has been cytogenetic exploration. 
Bernier (I960) reports a 50 per cent lethal- 
ity from appropriate matings which could 
be explained by a translocation or similar 
chromosomal aberration, although no cyto- 
logical evidence was obtained. Newcomer 
(1959) described the cytological appearance 
of a translocation induced by X-rays in a 
carrier sire from the University of 
California flock. 

In general, these sorts of genetic disturb- 
ances are not likely to be of economic im- 
portance unless there is a situation similar 
to that described by Dobzhansky (1955) for 
Drosophila pseudoobscura in which in- 
version heterozygotes were highly viable. 
The chromosome abnormalities were kept 
in the population at a high frequency even 
though the homozygotes were lethal. The 
inversions are equivalent to singly power- 
ful loci, which substantially reduce the 
fitness of the population as a whole. 

Phenodevianis 

Lcrner (1954) defined "phenotypic 
deviants as sporadic and ubiquitous for a 
given species, but which fail to exhibit 
dear-cut mendelian inheritance.” A prin- 
dpal example, certainly encountered by 
every poultryman, is the crooked toe trait. 
Nutritional deficiencies, faulty incubation, 
wire floors, and other environmental in u- 
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The higher forms of parasitic organisms 
in the main arc diploid and sexual repro- 
duction with the usual results from recom- 
bination, segregation, independent assort- 
ment, and mutation provide for genetic 
variety as in poultry. However, the bac- 
teria and viruses have vegetative reproduc- 
tion and are haploid, so mutation is a 
major source of new genetic variation. 
Vegetative reproduction through dupli- 
cation of the chromosome and transmission 


of these to each daughter cell continues 
identical heredity. Even though muta- 
tion of the spontaneous variety occurs 
only rarely (probably at a no higher rate 
than in more complicated organisms), the 
haploid condition in a rapidly reproducing 
organism, where one cell in suitable condi- 
tions may give rise to several million cells 
in less than 24 hours, provides considerable 
opportunity for selection to preserve new 
types. Recombination in bacteria has 
several mechanisms, conjugation, trans- 
formation, and transduction, although not 
of the ordinary crossing over type as in 
diploid organisms. The genetic flexibility 
of the microorganism is considerable with 
Its potential reproductive, recombinational, 
and mutational abilities for meeting new 
environments. 


Conjugation was described by Ledcrbcre 
and Tatum (1946) in £. coh in which two 
cells fuse and form a cytoplasmic bridge 
with the chromosomes of the donor being 
injected into the recipient. ^ 

Transtormaiion in bacteria »as re- 
ported by Avery « al. (19441. dna ex 
tract! hate been made ttom meptomycin- 
resisiant bacteria, and thii extract placed 
m die giomng media al !lreptci„ci„. 
ennttie cell,. Many of the rem.L „m.„ 
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the infective stage the bacterial virus or 
bacteriophage attaches to the cell wall and 
empties its DNA contents into the bacte- 
rium. The DNA of the phages uses the 
bacterial cell contents to replicate itself. 
The bacterium is lysed, and the newly 
replicated phages are released into the 
medium. During the process of replication, 
the DNA of the host bacterium is used by 
the invading phage and more or less re- 
made to fit its own pattern. Occasionally it 
carries along part of an intact message of 
the bacterium as well. This has been 
shown by infecting a resistant strain where- 
in the viral DNA occasionally attaches to 
the chromosome of the host cell and multi- 
plies as if part of the host chromosome. 
This phenomenon is called lysogeny. The 
startling and interesting thing is that every 
so often a resistant bacterial cell will 
emerge. Thus a genetic message of one 
bacterium is carried by a virus to another 
bacterium. 

PATHOLOGICAL CONDITIONS 
ASSOCIATED WITH HEREDITY 

The relation of genetics to disease is un- 
doubtedly one of the intricate and exciting 
aspects of pathology. Biologists are gradu- 
ally unraveling the relationship of genetic 
framework and environmental interaction 
within which life processes exist. Certain 
of these relationships are clear as with cer- 
tain of the simply inherited defects in form 
and function. Others are not as well 
understood, but show that different 
genomes of varieties, species, and indi- 
vidual members of each contain combi- 
nations of hereditary directions which are 
responsible for abnormals and nonviables. 

The pathological condition deviates 
from the normal and usually affects the 
well-being of the individual. Thus fitness 
is reduced so that the opportunity for 
maximum performance and the leaving of 
o^pring is hindered or abolished. Those 
abnormal conditions which are due to mis- 
in the genetic code (molecular or 
chr^osomal) have been called congenital 
or innate, ^^a^y of these are single unit 
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thesis. The Australorps were either unable 
to carry out the synthesis or else did so at 
an inefficient level. Hess et al. (1962) were 
able to differentiate lines into high and 
low methionine requirement through selec- 
tive breeding. McDonald and Beilharz 
(1962) reported differences in calcium 
metabolism between strains of White Leg- 
horns and Australorps which lead to a 
genetic susceptibility to low calcium 
rickets in the Australorps. Differences of 
genetic origin have been reported for 
utilization of vitamin D by Lillie and Bird 
(1949), and of vitamin E by Howes and 
Hutt (1952). Genetic differences in 
arginine requirement among White Leg- 
horns were reported by Nesheim and Hutt 
(1962). 

Kondra and Hodgson (1961) reported 
genetic differences in energy-protein re- 
quirements of chickens, as did Siegel and 
Wisman (1962). Nordskog and Johnson 
(1953) found a significant breed-antibiotic 
level interaction for growth to eight weeks 
of age. Arroyave et al. (1957) found genet- 
ic differences between and within breeds 
in nutrient content of eggs. McNary and 
Bell (1957) reported a reciprocal maternal 
effect in which the egg contained either a 
growth depressant or a nutritional de- 
ficiency. 

Stutts et al. (1957) and Wilcox et al. 
(1962) found genetic differences in levels 
of a blood enzyme, serum alkaline phos- 
phatase, which were related to egg produc- 
tion. The latter authors were able to select 
differentially for high and low lines. Glu- 
tathione concentration had a genetic cor- 
relation to level of egg production accord- 
ing to Stutts et al. (1956). All of the cit^ 
mvestigations are either directly or in- 
directly implicated in pathological condi- 
tions and most certainly are concerned 
"iih the viability of the bird under 
domestic conditions. 

Immunogeneties 

"^cre has been considerable invcsli- 
gation in the fowl regarding the itnmunrv 
genetic relationship of the antigen-anti- 


body reaction of red blood cells, the homo- 
graft transplantation reaction and the graft- 
against-host reaction. The investigations 
of Schierman and Nordskog (1961 and 
1963) have shown that the B blood group 
locus is a major histocompatibility locus. 
The skin^aft and graft-against-host reac- 
tions are intimately related genetically to 
this locus in the chicken. Since these or 
similar types of reactions are involved in 
defense mechanisms and in some way seem 
to have importance in survival value it 
seems appropriate to discuss them at this 
point. No antigenic reaction has been de- 
scribed such as the human Rh complex 
which leads directly to a pathological con- 
dition. 


Blood Grouping 

Some six loci for red cell antigens have 
been idemilied through agglutinating iso- 
immune sera in the domestic fowl. Genetic 
tests indicate that each are located at dif- 
ferent chromosomal regions. Presumably 
these loci are on different or nonhoraolo- 
eous chromosomes. 

Certain combinations of blood group 
loci, and the B group in particular, confer 
or are associated with viability either dur- 
ing embryonic, growing, or adult stages of 
Oit chiclen-s life. There ts evidence that 
the heterozygous condition has superiority 
to one or both homozygotes in the tnajonty 
of cases studied; Briles el al. 
ond Briles (195S). Br.les el el- ?'!' 

mour (1954), Briles and Krueger 9a5 . 
Briles 11956a. b, and c). Bnles et al. (*y5/). 
Cilmozir (1959), Gilmour (>S“a and bh 
Allen (I960), Fanguy el “i.. ?" 

Bumga dner et al. (1961). These findinp 
the loci tor aieten red cell 

-n"m”ie"enfrd°h'r^^1tyT£ 

r«'e of ^ wSj 

mour fl960b and 1962). 
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ences affect the appearance of this abnor- 
mality. Certain strains have been known 
to show tills defect more than others in- 
dicating a feasible genetic influence. Hicks 
and Lerner (1949) found that certain in- 
bred lines had a high incidence. Also in- 
cidence could be increased and decreased 
through selection. However, there seem 
to be few if any cases of simple segregation 
ratios found in breeding tests for crooked 
toes in the domestic foivl. 

The anomaly of crooked keels which has 
plagued poultrymen for years likely falls 
into a similar category of a character de- 
termined by and conditioned in its expres- 
sion by known environmental situations 
such as roosts and vitamin D. with a hieh 
incidence m certain strains and lines. The 
reported by Warren 
Shoffner el al (195$) 

(1957) show, this i„dden« ni,y varv 
Kd. ® S'™"'’' l>ac2 

The self-dubbing trait reported bv Ber 
traits Dy Shoffner et al. n95$\ 

“"OM™ by TayfoJ 
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products to the more refined constituents 
needed in metabolism. It is well known 
that nutritional deficiencies in poultry not 
only produce specific pathological condi- 
tions, but can also contribute to suscepti- 
bility or resistance to invading parasites. 
In general, attempts to modify diets 
through superabundance of vitamins, 
amino acids, or growth factors in an at- 
tempt to increase resistance have been in- 
effectual according to Hill (1962). Thera- 
peutic levels of antibiotics are obvious ex- 
ceptions. 

Nearly everyone who has studied the 
question of existing differences in dietary 
i^quirements, utilization, or metabolism 
of |»uUry, has found that families, lines, 
strains, and breeds do show differences 
Unfortunately, in most cases our knowl- 
goes little beyond this demonstration. 
Fortunately it does emphasize that such 
dJSCTepancies do exist, and such investi- 
gations will contribute to our knowledge 
of the biology of the fowl. Just when ex- 
tensive investigation of these inherited 
I ferences will lead to an applied breeding 
program for increased fitness and perform- 
ance ,s difficult to diagnose. 

Hutt (1949, 1958) has reviewed the liter- 
ature relating to genetic differences in diet 
utiliiation m chickens. Genetic differences 
nave been demonstrated for thiamine re- 
tirement by Howes and Hutt (1956), 
^ormon (I960). Lamoreux and Hutt 
(*»39), and Roberts (1962) 

Differences in inherited capacity to uti- 
by Lamoreux and 
«.-«» • reported a reces- 

m » u**!? ^ g^ne mutant involving the 
metabolism of riboflavin. The homozygous 
ri^a - unable to transfer sufficient 

r^flavm from the diet to the egg for em- 
« development Cowan 
shown that the normal 
en retained free riboflavin more 
homo''^^ Joying hen which svas 

«««ive for%his trait. 
McDonald (1957. 1958) found breed dif- 
mite Leghorns and 
rps m methionine and cystine syn- 
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secondary in occurrence rather than a pri- 
mary causative factor. Kondra and Cavers 
(1947) found that the incidence of keel 
cysts was intimately reJatetl to the rate of 
feathering, particularly in the region of the 
keel, and concluded that the appearance 
was largely a defense mechanism. Gyles 
et at. (1959), Shoffner and Canfield (1957), 
and Hyre (1955) have presented evidence 
that the presence of keel cysts and other de- 
formities of this region are influenced to 
some degree by heredity. Gyles ft at. 
(1962) differentially selected for high and 
low incidence lines in a heavy broiler 
strain. They found the heritabilily for in- 
cidence of the blisters to he between 16 and 
24 per cent in the high incidence line and 
lero in the nonblister line. 

Climatic 

Hutt (1938), Kheireldrin and Schaffner 
(1957), and Huston et al. (1957) have 
variously demonstrated that there are 
genetic differences in susceptibility to con- 
trolled high temperatures. These tempera- 
tures were extreme, acting as a “stressor" 
to the point where some individuals would 
succumb. Campos et at, (I960) showed that 
there were breed differences in perform- 
ance responses to fast and slow rises in 
ambient temperature. Siegel and Mueller 
(1955) reported that outbreds and cross- 
breds had greater resistance than inbreds 
to exposure to low temperature. 

A very’ interesting contrast to extreme 
external environment was the result re- 
ported by Greenwood (1953) on the long- 
term effects of a constant environment. 
Birds maintained in a climatic chamber 
with consent environment did not per- 
form as svell as controls influenced by 
naturally fluctuating climatic conditions. 
Both Greenwood (1958) and Wilson (1958) 
reported that the constant environment 
resulted in almost complete incidence of 
adcnocarcinomata involving turnon of 
osarics and oviducts. 

Feeding Practices 

A currently widespread commercial prac- 
tice is to restrict ini.iVe of feed for replace- 


ment pullets for both broiler breeder 
females and egg production stocks. In gen- 
eral the restriction practice delays sexual 
maturity and shifts the egg laying pattern 
and usually improves laying house liv- 
ability. The publications of Hollands and 
Gowe (1961) and Gowe et al. (1960 and 
1962), in which careful and extensive in- 
vestigation of response of different geno- 
types were observed for both full and re- 
stricted feeding, reported that the restricted 
birds had higher livability during the pro- 
duction year. Different strains, tliough 
varying among themselves in viability, 
tended to maintain their rank in either 
envirorunental treatment. 

Biely and March (1959) placed strains 
of White Leghorns, both resistant and sus- 
ceptible to the avian leucosis complex, on 
high and low planes of nutrition. All 
strains on the high plane of nutrition had 
a greater incidence of avian leucosis com- 
plex. Waters et al. (1950) found in certain 
inbred lines of U’hite Leghorns developed 
for resistance and susceptibility to the 
avian leucosb complex that there were 
genetic differences in livability for the first 
21 days after hatching, ^^od^fication in the 
starting diet markedly altered the mortal- 
ity pattern. 

lecalien Effects 

Experimental and commercial strains 
have been compared under a variety of en- 
vironmental conditions, including such 
comparisons as cage vs. floor, farm to farm, 
one random sample egg laying test to 
another, and time of year to time of year. 
ItTiile management practices of compari- 
sons vary, a not surprising suggestion is 
that infectious agents of one kind or 
another are involvetl in the genotype-cn- 
virornnental interaction obsened. TJjal is, 
the discrepancies l>ciwccn levels of per- 
formance in the different locations are due 
to morbidity and/or mortality from un- 
fonuoJlcd and imrccognired infections. 
ITtc essence of this problem resolves to 
whether the top genotypes consistently do 
better under snrious ensironmenis or if 
there arc significant interactions; if so, 
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Graft-Agninst-Host Reaction 
This is a reaction of an immunologically 
competent graft against the foreign anti- 
gens of the host. In the cases cited here the 
host is a chicken embryo, presumably im- 
munologicaily incapable of producing anti- 
bodies. Burnet and Burnet (1960 and 
1961) found clear genetic segregation for 
graft-against-host reaction of adult leuco- 
cytes on the chorioallantoic membrane of 
the chick. Jaffee and Payne (1962) pre- 
sented evidence for inheritance of differ- 
ences of the graft-against-host reaction be- 
tween tsvo inbred lines of chickens which 
differed in at least one major locus deter- 
mining antigens responsible for the 
splenomegaly reaction in the embryo. 


Hosf-Against-Groft Reaction 
This sort of reaction commonly occurs 
when grafts of tissues and organs arc made 
from one individual to another. When 
antigens of host and donor are the same 
(twins and members of isogenic lines) the 
*"'1 HirKh 

(1959) md Polity t) Ol, (I960) havt shown 
that there are genetic differencej in jlin 
graft histocompatibility reactions of chick- 
ens. 


GENETIC-ENVIRONMENTAL 

INTERACTIONS 
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Social Order 

The hierarchical social system or 
order in tbu Ji„."„,Telfre 
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which have shown rather clearly the re- 
lationship between social rank and produc- 
tivity. The ones on the low end of the 
social scale are usually below normal in 
their physical state and sometimes are at 
the point of starvation. McBride (1958, 
19G0, and 1962) presents evidence to sup- 
port the hypothesis that the curvilinear re- 
lation of productivity and rank depends to 
a large extent on av'ailability of feed, water, 
bird density, and other management fac- 
tors. 

Behavior per sc is not inherited but cer- 
tain genotypes have different physiologial 
responses to stimuli. Certain strains of 
chickens dominate others in mixed groups. 
Temperament is not presently definable 
in simple genetic terms, except that certain 
strains are rcproducibly and predictably 
dominant or subservient. Guhl (1953), 
Tindcll and Craig (1959 and I960), and 
Cuh! c< al. (1960) have demonstrated that 
genetic variation in social aggressiveness 
and^ competition effects exists within 
strains, between sire families, strains, in- 
bred lines, and crosses. Selection for high 
and low aggressiveness showed consider- 
able response. 

et ol. (1961) investigated the 
heritability for picking behavior in chick- 
ens and found it to be low. The measure- 
able heritable differences were among sire 
3nd dam families for aggressiveness. 
Whether social aggressiveness is intimately 
tied in vvlth such vices as feather picking, 
vent picking-prolapse, or other cannibal- 
istic habits is difficult to ascertain as pro- 
lapse is presumed to be physiologically un- 
related. Practical experience has shown 
that some strains of birds are more pnane 
to these tendencies than others. There has 
ueen discrimination by the producer in 
recent times against strains with prolapse 
tendencies. 

Breast Blisters 

The incidence and size of keel cysts on 
Sowing chickens and turkeys depends 
upon inherited tendency, type of floor. 

litter, and micro-invaders, 
although it would seem that the latter are 
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little or no selection progress due to the 
low heritability of viability. 

Resistance measurement usually is a dis- 
continuous variable: either the individual 
has a pathological condition or it has not. 
However, morbidity may be graded into 
classes of low, medium, and high. In cases 
where resistance or nonresistance is meas- 
ured by death, the trait becomes all-or- 
none, and groups are divided into those 
that die and those that survive. It is gener- 
ally assumed that the genotypes form a 
continuous scale for resistance, but because 
of the threshold manifestation, phenotype 
is a discontinuous variable. As a result the 
geneticist often converts to some scaling 
method such as probits which are ame- 
nable to statistical manipulation. Certain 
of the pertinent considerations and useful 
genetic techniques for viability selection 
are discussed by Lerner (1958) and Fal- 
coner (1960). 

CONSIDERATIONS IN RECOGNIZING 
RESISTANCE 

TVith few exceptions, the investigations 
of resistance in poultry have explained 
little about pathways and mechanisms in- 
volved for either general or specific mani- 
festation of resistance on the part of the 
host to pathogenic organisms. Mention is 
made here of certain of the recognized 
protective mechanisms involved in resist- 
ance as a reminder that several pathways 
and physiologic reactions may be involved 
and to focus attention on the precautions 
necessary in a resistance recognition pro- 
gram. Knowledge of principles involved 
in immunity and resistance are more valu- 
able than merely recognizing resistance. 
The answer to whether resistance is 
through some barrier excluding entry of 
the organism or is through ability to har- 
bor the agent and not succumb will permit 
a more knowledgeable approach to a selec- 
tion program or any plan for protection 
against the pathogen. The possibility of 
using physio<Iieraical tests to predict bio- 
logical fitness is attractive to reduce cost 
and increase accuracy-. A perfect corre- 


lation between a biophysical measurement 
and viability does not increase the herit- 
ability of the viability trait. It may, how- 
ever, provide an early, inexpensive, and 
accurate estimate of final performance. A 
physiological or biochemical measurement 
in a parent may predict the viability of 
progeny to a higher degree than does the 
viability of the parent. 

Kinds of Immunity 

In innate immunity the internal or ex- 
ternal environment of the host is entirely 
unsuitable for the invader, and includes 
such things as age, body temperature, and 
anatomical and physiological differences. 
Frequently innate means we do not know 
why one organism is not readily infected 
by another, it just is not, 

Natural immunity mechanisms are of a 
considerable variety and include the fol- 
lowing: entry surfaces which are barriers 
to infection by secretion of such anti- 
parasitical substances as lysozyme, fatty 
acids, high and low pH, etc.; antiparasiti- 
cal substances in the blood or other body 
fluids which include antibodies, anti- 
enzymes, lactic acid, blood complement, 
and gamma globulins; and the phagocytic 
system tvhich is a unis'ersal and funda- 
mental mechanism in resistance. There are 
individu.'il differences in ability to form 
antibodies and in ability to ride out an in- 
fection until time has been gained for 
manufacture of antibodies. 

Acquired immunity is not necessarily a 
ch.aracteristic of the species but varies ac- 
cording to the history of infection of the 
indis-idual, much like protective immuni- 
zation. Passise immunity such as that 
passed throvigh the egg to the chick is not 
lasting, and others of this sort may very 
well obscure natural abilities for resistance. 

Hypersensitivity or allergic reactions arc 
frequently associ-ned ivith svonn .and 
arthropod infection and may be of con- 
siderable significance in preventing the 
penetration of metazoan parasites. 

Ecological immunity occun svhen the 
characteristic behavior and feeding habits 
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little or no selection progress due to the 
low heritability of viability. 

Resistance measurement usually is a dis- 
continuous variable: either the individual 
has a pathological condition or it has not. 
However, morbidity may be graded into 
classes of low, medium, and high. In cases 
where resistance or nonresistance is meas- 
ured by death, the trait becomes all-or- 
none, and groups are divided into those 
that die and those that survive. It is gener- 
ally assumed that the genotypes form a 
continuous scale for resistance, but because 
of the threshold manifestation, phenotype 
is a discontinuous variable. As a result the 
geneticist often converts to some scaling 
method such as probits which are ame- 
nable to statistical manipulation. Certain 
of the pertinent considerations and useful 
genetic techniques for viability selection 
are discussed by Lemer (1958) and Fal- 
coner (1960). 

CONSIDERATIONS IN RECOGNIZING 
RESISTANCE 

With few exceptions, the investigations 
of resistance in poultry have _ 

little about pathways and mechanisms i • 
volved for either general or specific 
festation of resistance on the pit^ ® 
host to pathogenic organisms. Mention i 
made here of certain of the rccogni? 
protective mechanisms involved m 
ance as a reminder that several 
and physiologic reactions may be 
and to focus attention on the precau 
necessary in a resistance recognition p 
gram. Knowledge of principles 
in immunity and resistance are ^ 

able than merely recognizing J”* . 

The answer to whether resistance 
through some barrier excluding 

bor the agent and not succum ‘ 
a more knowledgeable nrotcciion 

t.on program or any plan „I 

against the pathogen. bio- 
using physio-chemical tests cost 

logial ninerr i. a..n.«iv= “ 
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laiion betsveen a biophysical measurement 
and viability does not inaease the hent- 
ability of the viability trait. It may. how- 
ever provide an early, inexpensive, and 
accurate estimate of final performance. A 
phvsiological or biochemical measurement 
in a parent may predict the viability of 
progeny to a higher degree than does the 
viability of the parent. 

Kinds of Immunity 

In innate immunity the internal or ex- 
ternal environment of the host is entirely 
unsuitable for the invader, and includes 
such things as age, body temperature, and 
anatomical and physiological difference^ 
Frequently innate means we do not know 
why one organism is not readily infected 
by another, it just is not. „ „f - 

Natural immunity mechanisms are of a 
considerable variety and include the fol- 
lowing: entry surfaces which are barriers 
lo infection by secretion of such anti- 
parasitical subsiances as lysozyme, fatty 
Lids high and low pH, etc.; antiparMiti- 
cal substances in the blood or odter body 
nuids "Idch inchule antibodies, ant • 
enn'mes, lactic acid, blood conaplcment, 
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s,stem which is a umversal and tumla- 
menial medunism in ,«i, lance. There are 
individual diderences in ability lo lom 
antibodies and in ability to ride out an in- 
Jeclion until time has been gamed tor 
manufacture of antibcxlies. 

Acquired immunity is not necessarily a 
charaLeristic of the specie, but varies ac- 
rording to the histor>- of infection of the 
individual, much like protcctiNC immum. 
Mlion. Passive immunity such as tJiat 
nassed through the egg to the chick is not 
lasting, and others of this sort may very 
well obscure natural abilities for resistance. 

Iliiserscnsitivity or allergic reactions are 
Ircqucntly associated with worm 
arUiroposl infection and m-iy l>c o( con- 
.ideraUe signiftcance in presenuns the 
penetration ol metatoan paraiilew 

Eeolosical immunity ' 

eharacteristic behavior an, I leedmc hab.it 
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little or no selection progress due to the 
low heritability of viability. 

Resistance measurement usually js a dis- 
continuous variable: either the individual 
has a pathological condition or it has not. 
However, morbidity may be ^aded into 
classes of loiv, medium, and high. In cases 
svhere resistance or nonresistance is meas- 
ured by death, the trait becomes all-or- 
none, and groups are divided into those 
that die and those that survive, it is gener- 
ally assumed that the genotypes form a 
continuous scale for resistance, but because 
of the threshold manifestation, phenotype 
is a discontinuous variable. As a result the 
geneticist often converts to some scaling 
method such as probits whicli are ame- 
nable to statistical manipulation. Certain 
of the pertinent considerations and useful 
genetic techniques for viability selection 
are discussed by Lerner (1958) and Fal- 
coner (1960). 

CONSIDERATIONS IN RECOGNIZING 
RESISTANCE 

With few exceptions, the investigations 
of resistance in poultry have explained 
little about pathways and mechanisms in- 
volved for either general or specific mani- 
festation of resistance on the part of the 
host to pathogenic organisms. Mention is 
made here of certain of the recognized 
protective mechanisms involved in resist- 
ance as a reminder that several pathways 
and physiologic reactions may be involved 
and to focus attention on the precautions 
necessary ih a resistance recvgiiitton pro- 
gram. Knowledge of principles involved 
in immunity and resistance are more valu- 
able than merely recognising resistance. 
The answer to whether resistance is 
through some barrier excluding entry of 
the organism or is through ability to har- 
bor the agent and not succumb will permit 
a more knowledgeable approach to a selec- 
tion program or any plan for protection 
against the pathogen. The pcissibility of 
using physio-chemical tests to predirt bio- 
logical fitness is attractive to deduce cost 
and increase accuracy. A pevfect corre- 


lation between a biophysical measurement 
and viability does not increase the herit- 
ability of the viability trait. It may, how- 
ever, provide an early, inexpensive, and 
accurate estimate of final performance. A 
physiological or biochemical measurement 
in a parent may predict the viability of 
progeny to a higher degree than does the 
viability of the parent. 

Kinds of Immunity 

In innate immunity the internal or ex- 
ternal environment of the host is entirely 
unsuitable for the invader, and includes 
such things as age, body temperature, and 
anatomical and physiological differences. 
Frequently innate means we do not know 
why one organism is not readily infected 
by another, it just is not. 

Natural immunity mechanisms are of a 
considerable variety and include the fol- 
lowing: entry surfaces which are barriers 
to infection by secretion of such anti- 
parasitical substances as lysozyme, fatty 
acids, high and low pH, etc.; antiparasiti- 
cal substances in the blood or other body 
fluids which include antibodies, anti- 
enrymes, lactic acid, blood complement, 
and gamma globulins; and the phagocytic 
system which is a universal and funda- 
mental mechanism in resistance. There are 
individual differences in ability to form 
antibodies and in ability to ride out an in- 
fection until time has been gained for 
manufacture of antibodies. 

Acquired immunity is not necessarily a 
characeetisdc at the species but x'sries sc- 
cording to the history of infection of the 
individual, much like protective immuni- 
zation. Passive immunity such as that 
passed through the egg to the chick is not 
lasting, and others of this sort may very 
well obscure natural abilities for resistance. 

Hypersensitivity or allergic reactions are 
frequently associated with worm and 
arthropod infection and may be of con- 
siderable significance in preventing the 
penetration of metazoan parasites. 

JEcolc^ical immunity occurs when the 
diaracteristic behavior and feeding habits 
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are such that neither nonexposure nor non- 
infection can take place. 

CONSIDERATIONS IN DETECTING 

RESISTANCE 

Speilficily 

The specificity of resistance is due largely 
if not entirely to the specificity of antigen- 
antibody reaction. The synthesis of a 
specific globulin involves the production 
of a specific pattern to the antibody mole- 
cule tvhich renders the antibody capable 
of reacting only with the corresponding or 
closely related antigen. Likewise, geno- 
typic resistance to a particular organism is 
specific as continually found by those in- 
volved in both immunological procedures 
and selective efforts to inaease resistance. 

Examples of specific resistance are shown 
m the findings of Cole (1941). Carson 
(1951), and Patterson el al. (1961) where 
stocks resistant to one infective agent were 
not necessarily resistant when exposed to 
ther agents. This is convincing evidence 
that selection for specific resistance rarely 
results in over-all resistance. Waters and 
urmester (1963) emphasize the fact that 
^2 virus and specifK 
isolate genotypes (inbred lines) were in- 
pinpointing the mode of 
inheritance to erythroblastosis. 

Etiology 

sUSj-Sk 

termined. ° are de- 

Exposure 


their ability to resist an infectious agent, 
except for a predetermined relationship 
svith some other physiological trait. One 
alternative is to use collateral family in- 
formation, i.e., expose a portion of a 
stock and use nonexposed full sibs, half 
sibs, or progeny-tested parents for the pro- 
duction of progeny. This bypasses repro- 
ductive and dissemination problems from 
exposure but in no way lowers the require- 
ments of exposure technique in the portion 
of the population tested. At least half of 
the genetic variance information contribut- 
ing to selection progress is lost in going 
from the individual to information from 
relatives. The opportunity for mistakes in 
selection is obvious when only a part of 
the i»pulation is exposed. Unfortunately 
conditions of natural exposure often do 
not completely expose the entire popula- 
tion. Occasionally, natural infections may 
go undetected as in some respiratory dis- 
eases where infection was not suspected un- 
tests disclosed high titers. 
The relationship between responses to 
natural and artificial exposure and 
Of not such responses are con- 
trolled by the same genetic factors are con- 
*'”f^fions in ensuring adequate exposure 
and constant selection pressure. Tests of 
correlation between inoculation, Cham- 
P*®** (^®54), sporulated oocysts; Heisdorf 
^ fl - (1947), with oral dosage; and Bur- 
racster et al. (1953), with cell-free extracts 
an natural exposure were reasonably satis- 
Uctory. Goodwin’s (1957) description of 
e meth^ and result of proximity brood- 
ing of chicks to carrier hens (leucosis com- 
P ex) in an effort to ensure equal and ade- 
quate exposure suggests that this method 
w not entirely satisfactory. The numerous 
uncontrollable factors such as transfer 
passive immunity to progeny by parents 
aient infection (Burmester, 1955 and 
Bumester et al, 1957) are a continual 
“iwat to evaluation of resistance. 

xpTOure to infective agents under 
conditions is sporadic so that 
o^ionally the survivors of infection may 
ot have their progeny rechallenged by the 
agent for many generations. Mean- 
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while natural selection may be assorting 
the genotype in another direction. Under 
artificial selection conditions, however, per- 
sistant and renewed pressures are the ones 
that will establish new and improved Ics-els 
of resistance which becomes a part of fit- 
ness. 

MODES OF RESISTANCE IN THE FOWt 

Certain of the phenomena and mani- 
festations mentioned in this section are 
clearly associated svith differential viabil- 
ity. However, it should not be construed 
that these are in themseh'es either cause 
or effect but arc likely stages or states in 
whicli the ph)'siological response can be 
recogniicd. 

Heterosis 

The phenomenon of increased vigor on 
crossing is well recognized in both plants 
and animals and, in general, the more Iso- 
lated or inbred the populations, the greater 
will be the performance of the ctoss over 
the parent slocks. Embryo viability is al- 
most universally increased as the result of 
crossing according to ^Varren (19-12). Hutt 
(1919), IVarren (1938), and especially if the 
female parent is a cross according to Sboff- 
ncr (1918). Hoivever, King and Bruckner 
(1932) found little if any inacase in hatch- 
ability of strain and breed crosses over 
parent stocks. As a general rule heterotic 
viability effects are pronounced during the 
brooding and rearing period as indicated 
by Warren (1912), Goodwin ft af. (1956), 
and ffutt (19191. Siegel and ^f^clIer (1955) 
found that outbred and crossbred chicks 
bad a greater relative resistance to a low 
temperature exposure than did the chicks 
from either parental stock. 

A proportion of experimenia! crosses 
thows an increase in adult or laying house 
'iability. Coodsvin el ol. (1956) rtjwrted 
that strain-cross progeny were superior lc» 
pute-strain progeny in ability to withstand 
cenain respiratory infections as^ lajit^* 
house adults. Others, such as King and 
Bmclner (1952). found no difference 
t'*’ecn parent itocLs and their crosses in 
total moruliiy and ocnirrence of mortality 


due to neoplasms. The expectation for in- 
creased adult viability in the cross has been 
notably violated in the reduction of mor- 
ulity from the leucosis complex. Hutt 
and Cole (1952) reported that the cross 
progeny of two 'W'hite Leghorn strains rela- 
tively resistant to leucosis had slightly 
higher rate of death from neoplasms than 
progeny of either parent stock, ^\’aters 
(1931b) using a series of crosses betsveen in- 
bred lines which varied in degree of resist- 
ance to avian lymphomatosis found no de- 
crease in mortality from the inbred parent 
stocks. Bearse et at. (1961 and 1963) re- 
ported that leucosis mortality w'as not 
altered by the crosung of selected resistant 
and susceptible lines although there w.ai 
losveretl mortality from other causes. 
These e.xperienccs suggest that heterotic 
vigor per se will not automatically confer 
Increased resistance to the avian leucosis 
complex. This unpredictability or devi- 
ation from that expected undoubtedly has 
ses-eral possible explanations. One is that 
the hybrid provides a "better" environ- 
ment for agents inducing the malignancy. 

Rectprocol Effects 

Warren (1912) brought attention to the 
fact that ihere was a noticeable difference 
in pciformance between reciprocal crosses 
of Ixgborns and hcas7 breeds. Reciprocal 
differences for sexual maturity and broodi- 
ness had been notcil in several previous in- 
vestigations and confirmed in 5S'arrcn‘s ex- 
cellent study. Warren noted that when 
llTiitc Leghorn males were mated to 
Rhode Island Ret! femalej, the mortality 
of the progeny was higher than that from 
the reciprocal cross. Because of the error 
invohctl in the estimation of mnriality. it 
was not immediately apparent that this 
phenomenon was a rather general rule. 
However, lubsecjucni reporu sucJ> as War- 
ren and .5foore (1936). Hutt (1961a). and 
othen leave little doubt that diffcrenco l^e- 
nveetr reciprocal crosses arc real. 

Nor.hkog and rhiJlip* (1960) prevmirtl 
cvislence to show that progeny of the Wliiic 
Lrgliotn male of a l-eghom heavy cross 
hive higher mortJaiiy than y»«^^iprocal 
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and 5uggested_ that the Leghorn sex chro- 
mosomes are in some svay associated with 
adult mortality. Moultrie et al (1953) 
cr055ri strains of Wlutc Leghom inj sc' 
cured reciprocal diilerences and implied 
that maternal effects may account for the 
ditierence. 

Alien (1962) attempted to distinguish the 
contnbntion of sec linkage and maternal 
n«uence the Leghorn-heavy cross. He 
found as usual that tile Leghorn male y 
Rhode Island Red female produced 
progeny ,,„h „g„incamly lower adult 
V ability than the reciprocal cross, A scries 
of espectally designed hackaos.es were 
made to study the elect of eMrannclear 
(maternal) inBuence. A "plasmon” ellect 
was noted which was interpreted as an in- 
eraclion of the sex ehtomosome of White 

RhodMstad'S""'''” <■' "" 

LX„p'He'':„Vo„';y'7,,r'Lr' 

S'«1arnsh£ ‘'Th'e^nr 

inlaritanee, „^,‘ierI!;fPS''-'i'>W 
Plasmic and v.ral agenw aid ' 
lattonships of hormonal s^ieS 
fluence the differenti-il ^ 

■» ‘hit type of reciprocal c™,™' 

Bursa of Fabricius 
The bursa of Fabricius i. ,h 
murce (activator) and dre - 
or secondary i„ ,be “ " 'nanive 

Indies in the young cUck “•nl”” 

“t Jaap (1958 Ld 1960) ChZ? 
and 1957). Oakberp ® 

berg (1951), Ghclf 

Sadler and Click (1962i >1 

l-or, table diSe e„ s ? boTh 

bo«y prcduc.i„n“Vb"e''.tS'.;"\"‘<- 

apparently has a relatinn!^- 

■."»% Of antibody 


scneil liiglier viability of some strains 
seems associated svith large bursa size. Just 
hosv- tins supposedly temporary mechanism 
fits into genetic resistance is not set clearly 
defined. ’ 

Body Temperoture 

One o{ the innate mechanisms which 
may differentiate resistance to a specific 
organism from one animal to another is 
••osly temperature. Hint (1935) and 
Lamoreux and Hint (1939) found that 
Umc Leghorn chicks were able to raise 
their bosiy temperatures more quickly than 
lUiotlc Island Reds. This supplied a lead 
to a possible physiological b-isis of resist- 
.‘0 Salmortella pullorum. Consider- 
able investigation was reported at various 
times by Hun and Scholes (19 1 1). Ram and 
Him (1955), and Hint (1958) in svhich the 
genetic resistance of cliiclj to Salmonella 
pullorum svas associated with the ability to 
acce crate the transition from the niokilo- 
thermic state of the embryo to that of the 
homoiothcrmic during the first 10 days 
r hatching. The rise in total leucocytes 
infection seemeil not to be 

E“/?orL‘ “nfi Cra'^- 

ni, found that selection in both 

Reds and Nesv Haropshires 
body temperature was 
differentiating lines after nvo 
cycles of selection. 

Sex 

of sex hormones may influ- 
Burm»«>^ incidence of lymphomatosis as 
Burmfster and Nel- 
cidenr* • nearly double the in- 

malcf Tk compared to that of 

castration and sex 

ftTraTnt'"' 

in tho ■ hormone was implicated 

matosls f incidence of lympho- 

i" The '■"cMenee 

cause ih?! n *>'■ 

faster overThrS'?"”'" 

pathol«c»;.-,i Of course those 

ogcal conditions associated svith egg 
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laying such as cystic ovaries, ruptures, and 
prolapses are sex limited. 

Age 

The embryonic chick and newly hatched 
chick are immunologically incompetent. 
The susceptibility to coccidiosis decreases 
with age. Hutt et al. (1944) and Waters 
and Bywaters (1949) showed that early ex- 
posure of chicks to lymphomatosis will lead 
to much higher incidence of adult mortal- 
ity from that cause than in chicks exposed 
later in life. Their findings lead to the 
well-known management recommendation 
of chick isolation from older birds which 
works so well. 

EXPERIMENTAL 

Inbred lines and other selected popu- 
lations have identifiable and reproducible 
genotypes which should not be overlooked 
by the investigator as a means of compari- 
son and identification in biological assay. 
The genetic variability, along with en- 
vironmental sources of variance, innuencc 
assay methods for the estimation of i ic 
potency of drugs, antibiotics, vaccines, ac- 
terins, virulence of microorganisms, iso- 
lation and identification of agents. res» • 
ance, and susceptibility. The variation e- 
iween individuals may be so large i la 
judgments from one or few are mislea ing. 
however, averages of a group are usua y 
reliable for distinguishing differences m 
capacity. 

Some of the selected and isolate geno- 
type stocks which have facilitated «rtai 
prior investigation and should be inva u 
able for contemplated research are t ic o 
lowing: the RPL inbred lines svhicli arc 
resistant and susceptible to leucosis 
ing to ^Vaters and Durmestcr 
strains resistant and stisccpiible to coc^ 

sis according to Hutt and Cole (1 ®)' ‘ 

with differential body temperature acrorm 

ing to Hutt and Crawfortl (Ipfi )• 
with inacased bursa of 
cording to Jaap (J9G0): stocks wU 
gene segregates, stemming principa ) 
highly inbred stocks, as blootl group 


according to Briles (1956b); the Rous sar- 
coma and erythroblastosis loci according to 
Waters and Burmester (1963); and the 
riboflavin deficiency locus according to 
Maw (1954). 

On the other hand, inbred or heavily 
selected stocks, even though relatively 
homogeneous genetically, may be more sub- 
ject to extraneous environmental influ- 
ences since they are frequently less adap- 
tive than heterozygous stocks. Lerner (I9o4 
and 1958) discusses the topic of genetic 
buffering in some detail and suggests that 
under adverse environmental conditions 
the heterozygote will be less variable than 
the homozygotc. When testing for a uni- 
versal hypothesis or application the use of 
several genetic sources of either outbreil, 
randombred. or aosses in conjunction with 
different treatment levels will give results 
of a more reliable nature in that estimates 
for die relative magnitude of genetic, ireat- 
mcm. and interaction effects are obtained. 

The clinician, diagnostician, prac- 
litioner, pathologist, and odiers occasion- 
ally have encountered unexpected and un- 
explained variations which have been laid 
to genetic causes. Some caution should be 
exercised, however, as other sources of vari- 
ation may be involved in the abcrranis ob- 
served. For instance, field obscivations 
oftentimes point to strain or breed specific- 
ities but more often than not a particular 
strain is associated with a partiailar en- 
vironment whose peculiarities have distinct 

'"^ie adaptivity of the fowl is continually 
cliallengtd because of changes In manage- 
ment pmtices. The quantimiive variation 
r.hi several genotypes for resistance a 
previously described, suggest that many oci 
with different effects arc conccrnctl in their 
•nhfritance Furthermore the compli- 

innurnre of o.l.er oovironmems 

iSc one. Comoqocntly. .1,0 ..»ss.rms 
lE^loo. in solocivo broclins lor M«o,r,c 
;::SoT"o.n,oncc a, noli a, « 

rlimatic nutritional, or intensisism 

llirj.;ayboviowodby«.noa,q,.oa..on 
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able. Especially this is true since the 
breeder is often unable to predict just what 
stress someone may impose on his stock, or 
whether there are enough potential cus- 
tomers for a special stock to Justify the in- 
vestment. Numerous unpredictable and 
peculiar notions by the poultry industry 


about certain genetically influenced traits 
have occurred in recent years. It has 
variously favored or discriminated against 
comb type, eggshell color, plumage 
rolor, and skin color so that these seem- 
ingly inoffensive characteristics became d^ 
fectives. 
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Avian Hematology 


HematoloCT >! defined aj that branch o 
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blood, It „ essential that one coiuide 
not only *e cellular elements as the 
occur in the blood stream, but also th 
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overheated, excited birds. Loss of blood 
as well as age. sex, season, egg production, 
and environmental conditions have been 
shown to alter the composition ot blood. 

The principal purpose of this chapter 
is to briefly outline the salient points of 
avian hematology. It will, therefore, be 
necessary to omit detailed discussion of 
many questions. Such discussions will be 
found in the references listed at the end of 
the chapter. The report of the conference 
on leukocyte functions contains a wealth 
of information of value to anyone inter- 
ested in hematology (Gordon, 1955). The 
«tensive atlas of Lucas and Jamroz (1961) 
beautifully illustrates the variety of blood 
eells in the chicken from embryonal age to 
adult as seen in film or imprint prepara- 
tions. Their work is an excellent reference. 
Ine morphology and understanding of or- 
^mzation and relations of blood cells in 
tiMues can be further developed from study 
ot tissue sections under the light and elec- 
^n microscopes. Correlation of all meth- 
of study will lead to a sound knowledge 
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of the reactions o£ blood and blood-fom- 
tissues in health and disease. The 
domestic fowl or chichen is the mam sub- 
ject considered in this chapter, and except 
where noted all discussion refers to it. 


DESCRIPTIONS OF THE CEILS AND 
HEMOGLOBIN IN THE BLOOD 

Numerous physiological factors influ- 
ence the number of the various types oi 
cells and the amount of hemoglobin found 
in the blood. For this reason it is not 
possible to give a single set of figures that 
may be regarded as fixed normal 
The data in Table 4.1 are to be 
as approximate values for normal bii^s 
and should be used in connection with the 
knowledge available concerning physio- 
logical variations. The staining reactions 
of blood cells desaibed here are those 
secured by the use of Wright’s blood stam 
or the hlay-Grilnwald and Giemsa com- 
binations of blood stains. 
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Methods ot Counting Blood Cells ond 
Measuring Hemoglobin 

Many procedures have been recom- 
mended for the enumeration of blood 

cells of birds. Since all blood cells of birds 
are nucleated, the methods commonly used 
for counting mammalian blood cells can- 
not be applied. Relatively little difficulty 
is encountered in counting erythroptes, 
but the counting ot leutocytes introduces 
certain problems. The mam objecuon to 
the available methods for counting leuho- 
evtes is the relatively large error associated 
ivith tbem. This error can be partially 
compensated lor by 

triplicate counts and using the arithmetic 
average as representative of the true count. 

The direct method of counting the 
leukocytes suspended in a suitable medium 
afTOsson’s Lid) in the hemocytometer 
1, useful and satisfactory when one s 
dealing with normal blood. It is difficult 
m disfinguish pathological immature red 


TABLE 4.1 

A»o V.iv. to« H.noovo.iu o. 

THs Blood of Birds 

- 1 


Erythro- 

cytes* 

Hemo- 
globin t 

Method of 
Measuring 

Hemoglobin 

Observer 

Chicken {Gallus 
dcmejlicus) . . 

Male 

Female 

3 23 

2 72 

11 76 

9 11 

Photoelectric 

Olson (1937) 







Duck [Anat platy 

rhynthai plaiy- 
rhynchot) . . . 


3 06 

15 6 

photoelectric 

Magath and Higgins (1934) 

Pigeon {Columbia 
demestica) ... 

Dove {Striptopeha 

Male 

Female 

1 Male 

3 228 

3 096 

1 3.045 

2 989 

15 97 
14 72 

14 56 

Oxygr" Capacity 

Riddle and Braucher (1934) 


Female 

10.7^ 

13 7 

14 9 

13 4 

14 7 
12.0 

TT” 

Newcomer 

Newcomer 

Dukes and Schwarte (19311 

Turkey 

Pheasant. . . - 

Geese 

Peafowl. 

Canary 

Female 

’ ~ 4.516 

Young (1937) 
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Avian Hematology 


Hematology is defined as that branch of 
biology which treats of the morphology 
of the blood and the blood-forming organs 
When dealing with the variations of the 
blood. It is essential that one consider 
not only the cellular elements as they 
occur in the blood stream, bm also the 
origin and relationship of the blood cells 
and the relations between blood cells and 
the cells of the connective tissues and the 
reticulo endothelial system. Many changes 
apparent m the peripheral blood fre 
merely a manifestation of a reaction tak- 
ing place in the blood-forming tissues 
themselves. Such changes should be 
studied at the site of primary disturbance 
in order to arrive at a clear understanding 
of the process. Poultry pathologists aif 
becoming more concerned with measure- 
ments of elements of the blood to help in 
diagnosis. These measurements are hin 
dered by several factors in birds. Avian 
e^hrocytes and thrombocytes are nude- 
^ed. and the blood dots very quicklv 
Hemoconcentration develops quickly iri 


overheated, excited birds. Loss of blooi 
as well as age, sex, season, egg production, 
and environmental conditions have been 
shown to alter the composition of blood. 

The principal purpose of this chapter 
is to briefly outline the salient points ot 
avian hematology. It will, therefore, be 
necessary to omit detailed discussion oi 
many questions. Such discussions will be 
found in the references listed at the end of 
the chapter. The report of the conference 
on leukocyte functions contains a wealth 
of information of value to anyone inter- 
ested in hematology (Gordon. 1955). The 
extensive atlas of Lucas and Jamroz (1951) 
beautifully illustrates the variety of blood 
cells in the chicken from embryonal age to 
adult as seen in film or imprint prepara- 
tions. Their work is an excellent reference- 
The morphology and understanding of or- 
^nization and relations of blood cells in 
tissues can be further developed from study 
of tissue sections under the light and elec- 
tron microscopes. Correlation of all meth- 
ods of study will lead to a sound knowledge 


[ 100 ] 



of the reactions of blood and blood-f^- 
ine tissues in health and disease. The 
domestic fowl or chicken is the mam sub- 
ject considered in this chapter, and except 
where noted all discussion refers to it. 


DESCRIPTIONS OF THE CEILS AND 
HEMOGLOBIN IN THE BLOOD 

Numerous physiological iaclors mflm 
ence the number of the various types ol 
cells and the amount of hemoglobin found 
in the blood. For this reason it is not 
possible to give a single set ol figures tha 
may be regarded as fixed normal valuer 
The data in Table 4.1 are to be r^arded 
as approximate values for norma 
and should be used in connection with the 
knowledge available concerning 
logical variations. The staining rea 
of blood cells described hero 
secured by the use of Wright’s blood sum 
or the May-GrUnwald and Giemsa com 
binations of blood stains. 
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Nlelliotls of Counting Blood Colls nnd 
Measuring Hemoglobin 

Many procedures have recom- 

mended'^ lor the enumeration ol blood 
cells of birds. Since all blood cells of birds 

am nucleated, the methods commonly used 
for counting mammalian blood cells can 
not be applied. Relatively little diSiculty 

i, encountered in counting erythroqtes 
but the counting ol leukocytes introduces 
ceruta problem! The main objection to 
me available methods for countmg leuko- 
cytes U the relatively large error associated 
Jith them. This error can be partially 
compensated lor by making duplicate or 
tripUcale counts and using the arithmetic 
avLge as representative ol the true count. 

tL direct method ol countmg t^ 
leukocytes suspended in a suitable medium 
L Sssnn’s Buid) in the hemocytomete 
is useful and satisfactory when one s 
dealing with normal blood. It is 
m dlsfinguish pathological immature red 


TABLE 

Couint or Eavtn.ocvra .ft. Vatva '■ 

Hemoci-obin w Blood of Bmos 


Sex 

Erythro. 

c^e»* 

Hemo- 
globin t 

Method of 
Measuring 
HemoglobLft 

Observer 

Chicken {Callus 
Jomisticus ) ... ■ 

Male 

Female 

3 23 

2 72 

11.76 

9 11 

photoelectric 

Olson (1937) 

Duck {Anastlaly 
rSmshos platy- 


3 06 

1 15 6 

Photoelectric 

Maealh and Higgins (1934) 

rnvnshas') . . • 

Pigeon (Columbia | 
domtstua) . . ■ 

Dove (Sluptoptlia 

risoria) 

Male 
Female I 

Male 

Female 

3 228 

3 076 

3 045 
2.989 

15.97 
14 72 1 

14 56 
13 97 

Oxygen Capacilyj 

Riddle and Braucher (1934) 

10 7 

13 7 
14.9 
13.4 

14 7 

1 12 0 

Newcomer 

Dukes and Schwarte (1931) 

Pheasant 

Geese. ... 

Swan. . 

Brants. 

Peafowl 

Canary . 

1 Female 

■ 4 516 

1 ’ ^ 

Newcomer 

Young (1937) 
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blood cells from leukocytes by this method. 
Under these conditions the direct method 
is obviously subject to error, and other 
methods are more suitable. 

The method of Wiseman (1931) has 
been found to be fairly satisfactory for the 
routine study of chicken blood (Olson, 
1935; Denington and Lucas, 1955). The 
modification of Mushett (1956) should 
be more accurate when the number of 
heterophils and eosinophils is low. Other 
methods have also been used (Diesem et 
al., 1958; Chubb and Rowell, 1959). 

The number of thrombocytes may be 
estimated by counting the number of 
these cells which appear in the blood 
smear in conjunction with the 200 or more 
leukocytes observed in the process of 
making the differential leukocyte count 
From the ratio thus found and the pre- 
sdously found total leukocyte count may 
be estimated the number of thrombocytes 
per cubic millimeter of blood. 

The coefficients of variation or per- 
centage error have been found in a series 
of counts of the blood cells to be approxi- 
mately as follows (using phloxine diluting 


Counts of erythrocytes 5.78 per cent 
Counts of thrombocytes . 23.66 per cent 

Counts of total leukocytes 34.2 per cent 
Differential leukocyte counts: 

Lymphocytes 8.6 per cent 

Heterophils 27.96 per cent 

Eosinophils 58,84 per cent 

62.68 per cent 

Monocytes 22.24 per cent 

Each worker should determine the 


order of accuracy that he may expect 
with a single count of blood cells. The 
error will be reduced if two complete 
counts are made and the average of the two 
used to represent the count. Such a pro- 
cedure is to be recommended. 

Differential counts of the leukocytes 
and morphological studies of the blood 
cells may be made from blood smear 
preparations. Avian blood films should 
be spread quickly and evenly on clean 
slides previously heated in an alcohol 


flame to promote rapid drying. Wright’s 
blood stain may be followed by Gierasa 
The basic staining elements (especially 
cell nuclei) of avian blood are much more 
numerous than those of mammalian 
blood: therefore, the technique usually env 
ployed for staining mammalian blood 
should be altered in order to obtain (he 
best results with avian blood. No single 
staining procedure will be satisfactory in 
all circumstances. Different batches of 
staining solutions should always be tested 
by actual use and the staining time varied 
to suit the individual preparation. In the 
case of Wright’s blood stain the length of 
time allowed for the stain to act may he 
varied. The staining time may also be 
varied with May-Griinwald stain. Gienua 
stain may be varied both as to length of 
staining time and concentration The 
May-Grtinwald and Giemsa combination 
has been found useful especially with 
pathological blood as in leukosis when 
there are many basic staining elements 
It is also invaluable for staining tissue im- 
print preparations. In such instances the 
concentration of the Giemsa solution 
should be increased. 

The number of leukocytes may be ex- 
pressed in terms of their relative number 
(percentage value as found in the differ- 
ential count) or as an absolute number 
(actual number of cells per unit volume 
of blood, obtained by multiplying 
total leukocyte count by the respective 
percentage value). The absolute count of 
the various types of leukocytes is a more 
reliable index to changes that may occur 
in an individual animal than the per- 
rentage value. A change may occur 
in the percentage value of one type of cell 
due to an increase or decrease of another 
type of leukocyte, although the absolute 
value of the first type of cell remains the 
same. For example, given a total count of 
leukocytes of 20,000 cells and the differ- 
ential count values of 25 per cent heter- 
ophils and 60 per cent lymphocytes, the 
absolute count would be 5,000 heterophil* 
and 12,000 lymphocytes. Another differ- 
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ential count might be 12.5 per cent heWJ 
Phils and 80 per cent lymphocytes, tnth 
a total count ol 40,000 leukocytes, whi* 
at a glance might be taken to indirate 
a decrease ot heterophils by halt and a 
slight increase ot lymphocytes. Actually, 
the absolute values ol the second count 
would be 5,000 heterophils, or no change, 
and 32,000 lymphocytes, an increase ot 
about two and a half times. 

For practical purposes, hemoglobin 
may be measured by one of the aad hema- 
tin methods using a colorimeter or photel* 
ometer (Bankowski, 1942). The 
metric method remains the mos 
procedure (Rostorfer, 1949), 


Erythroeyles and Hemoglobin 

The erythrocytes (red 
the bird are oval and 
ations in shape may be noted in the blo^ 
ot a normal bird, and occasionally a spher 
ical erythrocyte may be noted. The 
nuclei ot the oval cells are Ukewtm oval 
and ol a mature character. y , 
relatively large irregular 
staining chromatin material “ 

tinct trom the mote lightly "S ^ i„ 
chromatin. The cytoplasm is orange rn 
color. The round 'i,h 

round, slightly less mature 
smaller clumps ol chromatin, ry ^ 

without nuclei are occasiona y s ' 
average dimensions of chic ,.n 5 |_ 32 ) 
eyres, as found by Scarboroug ( 

S hi. review ol the I-""'"'-. 'fiS 

by7.V Lucas and Jamro (1961) > 

their inbred laboratory Sickens to 

smaller sired and a 

erythrocytes than commera 

aiso give data on erythrocytes 

bird,. Jade (1960) noted a 

ot ted blood cells, hemoglobin con 

.ion, and hemarocric value mone^ol .to 

inbred lines of chickens. of 

cells differ in sire in in 

birds, and in general they ..gjgx has 
.he larger species. M' toW.h= *icLen 
lound nuclear roaienal td 
erythrocyte to comprise abo 


the dry weight ol the cell and has noted 
considerable dilierences in distribution ol 
amino acids in cytoplasm and nucleus^ 
Two components of avian hemoglobin 
were disti^nished on the basis f' 
acid composition "f' 

from any human hemoglobin (Van dcr 
Helm and Huisman, 1958). 

The count of erythrocytes and value 
for hemoglobin are usually higher m male 
Wrd^ rhS in temale birds. This drfferenc 
does not become apparent until about the 
time of sexual maturity. A hormonal in- 

JuTrJne^nt^grnrmtSd'l^^^^^ 
rernroVre»cr'5L^^ 
-SroSS'VeSon^-mpS ^ 

“n™an inacase ol erythroqtes rn capons 

r„Tfive.mon.h<ld pnllet. younger pub 

leu did not respond as "eUa Jnd aung 
an age factor. Estrogen (alpha-estmdiol 
L in laree amount tended to 

■’'"'fS, Se dfect ot the androgen. 
Um“?moun.s ol a syn.he.ic estrogen 

canwd no change in ,7'hen 

ivnes ol leukocytes ot young adult hens 

grim e. «!., 1958). Thyrmteom, o 

;? 9 M) X ight this migln be due to 

rations at three-month 
Uic lowest erythrocyte 
.he winter ^ 

production. The h 8 These workers 
Ter^xd in the blood 

noted no In pigeons and 

rails ot ° “J? Iiiuhcr ralues than 

dove, the males hare Ingncr 



104 


CARL OISON 


the females: the lowest values for bemo* 
globin and erythrocytes are found in the 
summer/ and the highest hemoglobin levels 
are noted in the winter, while the largest 
counts of erythrocytes are noted in the 
fall (Riddle and Braucher, 1934). A 
similar seasonal variation has been ob- 
served in canaries by Young (1937). 
Higher blood pressure in the winter than 
in the summer was noted in both male and 
female chickens by Weiss el al. (1961). This 
may be a factor related to the seasonal 
variation of erythrocytes. A 48-hour star- 
vation period was found by Palmer and 
Biely (1935b) to increase the counts of red 
blood cells. A diurnal variation of erythro- 
cytes with high values at midnight and low 
values at noon has been observed (Domm 
and Taber, 1946). Cook and Harmon 
(1933) stated that the amount of hemo- 
globin varied with the intensity of egg pro- 
duction. They did not consider the effect 
of season, and others (see Olson, 1937) have 
questioned this statement. Diet will influ- 
ence the level of hemoglobin, as iron sul- 
fate or casein tend to increase the value 
(Cook and Harmon, 1933, and Cook, 1937). 
Hogan and Parrott (1940) found an 
anemia-preventing factor In the vitamin 
B complex which later was termed Bp and 
found identical with folic add (O'Dell and 
Hogan, 1943). Deffciency of this vitamin 
results in anemia, retardation of growth, 
and reduction of leukocytes and thrombo- 
cytes; a larger amount being necessary to 
maintain a normal level of leukocytes 
(Campbell et al., 1944). Sturkie (1943) 
found no significant increase of hemo- 
globin following asphyxia in either sple- 
nectomized and normal hens and thus 
failed to support the previous report on 
reservoir function of the spleen by Har- 
mon et al. (1932). Pigeons subjected to 
sudden lowering of environmental air 
pressure for 8 hours had increased counts 
of erythrocytes and values for hemoglobin 
(Kocian, 1936). The factor of indoor ver- 
sus outdoor environment was found to have 
no effect on the number of erythrocytes 
or level of hemoglobin (Olson, 1937). 


Measurement of blood cells packed by 
centrifugation (hematocrit) will providt 
an approximate index of the number of 
erythrocytes, and this has been applied in 
avian hematology. The hematocrit, in 
conjunction with the number of erythro- 
cytes, is used to calculate the mean corpus- 
cular volume. The hematocrit is not a 
proper substitute for a count of erythro- 
cytes or a determination of hemoglobin. 
The color index is computed from these 
values. Relatively fesv observations base 
been made on the fragility of avian eryth- 
rocytes. 

There are various antigens of the 
chicken red blood cell. Some can be de- 
tected by agglutination of the erythrocytes 
with bovine serum although specific anti- 
serums prepared in the rabbit permit more 
detailed study. A comprehensive review 
of the subject is given by Briles (I960). 
Each antigen of the erythrocyte is con- 
trolled by a gene which belongs to one of 
seven presently recognized blood group sys- 
tems. A great number of combinations can 
occur since all but two blood group loci 
appear to be located on separate chromo- 
somes. Fanguy (1961) gives a good de- 
scription of the details of typing. 

Polymorphonuclear Heterephillc 
Granulocytes (Heterophils) 

These cells are imperfectly round and 
have a diameter of approximately lOft- 
Their characteristic feature is the presence 
of many acidophilic crystalline granules in 
a clear colorless cytoplasm. In the chicken 
these granules are usually rod- or spindle- 
shaped. Frequently, in routinely stained 
smears, especially when Wright’s stain is 
used, these granules are distorted in shape 
and appear as round or short rod forms. 
Magath and Higgins (1934) found the 
granules to be round in the heterophils of 
the duck. The nucleus is lobulated, with 
fairly heavy bands connecting the lobes. 
The number of lobes is usually two or 
three, and occasionally single or im- 
perfectly lobulated nuclei may be ob- 
served. The number of lobes in the 
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nucleus or Amelh count U sometimes used 
as a criterion o£ age o£ the heterophd. 
Thus a relatively large number of hetero- 
phils with single or few lobes indicates pr^ 
duction of many young cells. A relatively 
large number of heterophils with many 
lobes indicates aging of the cells with low 
production of young cells. An impression 
oE the relative number of lobes can be 
gained while examining a blood smear 
without actually making an Arneih count. 
The chromatin and parachromatin ar- 
rangement is relatively heavy and coarse m 
the nucleus. The heterophils function m 
the defense mechanism against bacterial 
invasion as phagocytes that can be rapi y 
mobilized. These cells also have bacterici- 
dal action and the power to digest 
Male chickens have a 

centage of heterophils than do » 

amounting to approximately 5 per 
Heterophil! alio tend to be more 
ous in the blood of older birds ( « 

1937). Considerable variation in the per- 
centage of these cells may u*. 

passage of time in a given 
variation is somewhat less if f®?*' 
the absolute count only. Shaw (19 ) 
ported a diurnal rhythm of Ae leu 
of the pigeon. The relative . 

lymphocytes is higher than the re 
count of heterophils in the morning, 
in the afternoon the relative 
heterophils may be greater, equa ^ 
slightly less than that of the lymp ocy • 
This is due to an increase in absolute 
number of heterophils during t e ^ 
noon while the absolute count of ymp 
cytes remains constant. 


Polymorphonuclear Eosinophilic 
Granulocytes (Eosinophils) 

The eosinophils are of about the 
size as the-he^hils. They 
lively large spherical granules w o 
is dull red in contrast to those of 
heterophil. Magath and 
found the granules of the duck s P 

to be rod-shaped. The ^7*°? 
faint bluish-gray tint. The nucleus 


bilobed, and the chromatin appears to be 
stained a richer blue than in the heter^ 
Phil nucleus. The functions of eosinophils 
are not well understood. It is suspected 
that they act as a detoxifying power. In 
some animals and birds they are increased 
in verminous infestations and are found 
in the tissues in certain allergic states. 

Polymorphonuclear Basophilic 
Granulocytes (Basophils) 

The basophils are of about the same 
size and shape as the heterophils. The 
nucleus is usually masked by the mass of 
in the cells. It - 

and round or oval m shape, a though 
i it is lobulated. The cytoplasm IS 
S and colorless. Dark-stainmg. moder- 
aSzeT basophilic granules are abun- 
dam The material composing the gran- 
ules h water soluble and may be washed 
from the cell. More frequently the baso- 
Dhilic material is incompletely 
Snd the granules appear distorted and 
broken up^ The function or functions of 
basophils or their tissue counterpart, the 
masf cells, are not known despite consider- 
able invetigation and many theories. A - 
fJincIh there are relatively few basophils 
„ ufe blood meam o£ *0 

Sphir'and !hfrevoV"X.“ , bamphils 

%1“mbe,ol ba!ophi.s normally 

adults. 


o£ these cells. ^fy lymphocytes on the 
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of that individual. These workers (I9S5b) 
have also reported that there is an inaease 
of leukoqtes amounting to about 25 
cent, after a 48-hour fast. Hoppe (1935) 
noted a digestive leukocytosis with a maxw 
mum number of cells 4 to 6 hours aft» 
feeding, but only when the feeding !>«><" 
had been preceded by a 24-hour fast. Cool 
(1937) states that high counts of leul^ 
cytes are commonly found in chickens 
diets in which there is a lack of anti- 
hemorrhagic factor or minimal amounts 
of nitrogenous bases. Brief exposure to 
high temperatures (15-30 minutes at 
118" F.) caused a decrease m 
numbers (Chancellor and Click, 1960). 

Thrombocytes 

These are the smallest cells s''" 
blood of the fowl. They vary ^ 

in size and form. The typical thro 
is oval with a more nearly round 
in the center of a clear oy.lbP'f™',/, 
are two or three small, brightly re ■ 
tag granules at one pole of the cd'- J"' 
chromatin o£ the nucleus is dense * 
clumped into relatively 
which are distinctly separated by i e p 
chromatin. The thrombocytes are gener 


ally believed to play a part in the coagu- 
lation o£ the blood. 

Thrombocytes are slightly more numer- 
ous in female than in male adult chickens 
and also more numerous in young than in 

adult chickens. , 

The number o£ various types of ceUs 
and the amounts of hemciglobin m the 
blood oi noimal birds are listed in Tables 
41 and 4.2, representing the values re- 
ported in the literature. It is impossible to 
give a set of meaningiul values for blood 
celU that will fit all circumstances and 
conditions. Some oi the problems involved 
are discussed in detail by Lucas and Jam- 
roz (1961). The biologist who seeks 
normal base line with which to compare 
hisTbservations should not be discouraged 
but realize that this is only nature s chal 
tange of his ability to establish adequate 
a "d proper control, for hi. specific expert- 
menu. 

the OlilOIN OF BIOOD CEllS 

The following discussion oi “"S'" 

Jei^^ensandrHadonsb^'--^^^^^^^ 
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lymphocytes. Such a classification is en- 
tirely arbitrary as there are no sharply de- 
fined distinctions between such groups. 
The cytoplasm is usually weakly basO' 
philic and may be confined to a narrow 
rim bordering one side of the nucleus, or 
it may constitute the major portion of the 
cell as in the case of the larger lympho- 
cytes. The nucleus is usually round and 
may be slightly indented at one side. The 
chromatin pattern is usually rather coarse 
and blocky, especially in the small, more 
mature type of cells. In some instances 
the chromatin is rather fine and is not 
distinctly separated by the parachromatin 
material. Occasionally a few nonspecific 
azure granules may be noted in the cyto- 
plasm especially near the point of indenta- 
tion of the nucleus. It has been suggested 
with the support of some evidence that 
lymphocytes are capable of fixing toxic 
material and thus acting as a protective 
mechanism. Due to their high lipase con- 
tent it has also been suggested that they 
participate in the digestion of fat. Studies 
in mammals have indicated that there are 
more lymphocytes entering the blood 
stream in 24 hours than are found in the 
circulation at any one time, which sug- 
gests a rather active circulation of these 
cells from the blood to the tissues and 
back to the blood again. Lymphocytes are 
abundant in the wall of the intestine, and 
many probably pass into the lumen and are 
lost. Lymphocytes in the tissues may dif- 
ferentiate into various types of cells. Mono- 
nuclear leukocytes or polyblasts arc found 
forming a protective barrier between foci 
of chronic inflammation and healthy tis- 
sue. These cells are derived from the blood 
lymphocyte. It has been demonstrated that 
the resistance of mice to growth of inocu- 
lated cancer cells is directly related to the 
activity of lymphoid tissue. 

The number of lymphocytes in the 
blood of adult female chickens is slightly 
greater than in the blood of adult male 
chickens. They are also somewhat more 
numerous in the blood of young birds than 
that of adult chickens. 


Monocytes 

The monocytes of the fowl are sora^ 
times difficult to distinguish from tht 
larger lymphocytes, and transitional forms 
between the two types of cells appear to 
exist in the blood. Generally, monoqtes 
are large cells with relatively more qto- 
plasm than the large lymphocytes. The 
cytoplasm has a blue-gray tint. The nu- 
cleus is rather irregular in outline. The nu- 
clear pattern is usually of a more delicate 
composition than in the lymphocyte, the 
chromatin having the tendency to appear 
in the form of strands rather than blocks. 
The functions of monocytes in the blood 
are not well understood. It is rather gener- 
ally accepted that these cells may migrate 
into infiamed tissues and there hyper- 
trophy to form large active phagocytes. 
They may then engulf not only bacteria 
but also particulate matter such as cellu- 
lar debris: they also have the ability w 
digest such material. The monocyte » 
probably capable of differentiation into 
fibroblasts in the tissues. 

Monocytes are more numerous in the 
blood of adult male chickens than that or 
adult female chickens. They are also moK 
numerous in the blood of chickens kept in 
an outdoor environment than that of those 
confined indoors. 

Tefal leukocyte Counts 

The various factors influencing the nun> 
ber of specific types of leukocytes will o 
viously affect the total count of these cel s. 
Some such physiological factors 
discussed above and will not be consider 
here. The total number of leukocytes m 
the blood is greater in young chickens than 
in adult birds. Adult chickens kept in an 
outdoor environment have higher tota 
leukocyte counts than those kept 
(Olson. 1937). Palmer and Biely (l935d} 
reported that the counts of leukocytes 
tended to be high in birds kept in stnc 
confinement. According to Palmer an 
Biely (1935a), the number of leukocytes 
in the blood of a chicken tends to fluctu 
ate around a particular level characteristi 
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FIGURE 4.1 


The cell* illustrated were selected from dry smear preparations of blood or bone 
morrow and stained with May-Grunwold ond Giemsa combinations unless otherwise inoi- 
coted. Cells 1 through 12 represent the developmental stoges of the e^Ythro^e. tens 
13 through 27 represent stages of development of the gronulocyte. Cells 23 " 

(except 42) ore different types of mature leukocytes. The source of the cells hos n 
special implication except to emphosixe the foct ihot they occur and con be recogmzeo 
under diverse conditions. For example, cell 3. a lymphoid efylhroblast, Is not ordinarily 
found in the circuloling blood of lymphocylomo ond was probably poshed Into me c 
culation by growth of o focus of the tumor In the marrow. 

1. Proerythroblast from morrow, transmissible granuloblastic leukosis. Wright's 

2. lymphoid erythroblosl from blood, tronsmissible erythroblastic leukosis. Wright's 

3. lymphoid eryfhrobloif from blood with leukemold reoction, spontaneous 

lymphocylomo. , , , ■ l—i. 

4. Polychrome erythroblost from blood, spontoneous erythreblostle I*''*®*!*’ 

9, 6, ond 7. Polychrome erythrocytes from blood, spontoneous erythrob 

leukosis. 

8. 9, 10, ond 12. Erythrocytes from blood, normol. 

1 1. Erythrocyte of blood from which nucleus hos become lest. 

13. lymphoid stem cell or myeloblosl from blood with leukemold reaction, spo 
neous lymphocylomo. , ... 

14 ond 15. lymphoid stem cells or myeloblosis from morrow, transmissible gra 
lobloitic leukosis. Wright's stoln. .......i. 

16 ond 18. leukoblasts from blood with leukemold reoction, spontonee 

^ ^17r^l#ukoblasfs of Rieder type with tobuioied nucleus from blood, tronsmissible 
granuloblastic leukosis. Wright's stain. . 

19 and 20. Metamyelocytes from blood with leukemoid reaction, ipontoneo 
lymphocylomo. i_ . „ 

21. Myelocyte from blood with leukemold reoction, spontaneous lymphocytomo. 

22. Myelocyte from blood, spontoneous erythroblastic leukosis. 

23, Heterophil gronulocyle with vorloliors of granules from blood. . 

24, 25, 26, ond 27. Heterophil granulocytes, normal. Cell 27 shows swelling a 
rounding of gronules os cn artifact due to stoinlng reaction. 

2B, 27, and 30. Eosinophilic granulocytes, normal. i..U* 

31, 32, ond 33. Basophilic gronviocyles, normal. Cell 33 shows loss of water-so 
basophilic material from granules. 

34, 35, 36, 37, 38, ond 39. lymphocytes, normal. 

40 and 41. Thrombocytes, normol. •«„« 

42. Mitotic figure in immoture cell from blood with leukemold reoction, spontaneo 
lymphocytomo. 

43, 44, 45, ond 46. Monocytes, normal. , , f,—, 

47 to 54. Plasmodium gallinoceum parasites In erythrocytes of chickens. Blooo n' 

through courtesy of the lote Dr. F. R. Beoudetle. , ,, 

55 to 59. Heemoproteus parasites In erythrocytes of turkeys. Blood fims tnroug 
courtesy of the late Or. F. R. Beoudetle. 

60, 61, ond 62. teucocYtozoen smithi and erythrocyte, blood of turkey. Blooo tiim 
through courtesy of the late Dr. E. P, Johnson, Blocksburg, Vo. 
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FIGURE 4.1 


The cells illustrated were selected From dry smear preparations of blood or bone 
marrow and stained with May-Grunwold and Giemsa combinations unless otherwise indi- 
cated. Cells 1 through 12 represent the developmental stages of the erythrocyte. Cells 
13 through 27 represent stoges of development of the granulocyte. Cells 23 through 4i 
(except 42) are different types of mature leukocytes. The source of the cells hos_ no 
special implication except to err>phosize the fact thot they occur and can be recognized 
under diverse conditions. For example^ cell 3/ a lymphoid erythroblast, Is not ordinarily 
found in the circulating blood of lymphocytoma and was probably pushed Into the cir- 
culation by growth of a focus of the tumor in the marrow. 

1. Proerylhroblost from marrow, transmissible granuloblaslic leukosis. Wright's 


2. Lymphoid erythroblast from blood, transmissible erythroblastic leukosis. Wright's 

3. Lymphoid erythroblast from blood with leukemoid reoction, spontaneous 
lymphocytoma. 

4, Polychrome erythroblast from blood, spontaneous erythroblastic leukosis. 

5, 6, ond 7. Polychrome erythrocytes from blood, spontoneous erythroblastic 
leukosis. 

8, 9, 10, and 12. Erythrocytes from blood, normal. 

11. Erythrocyte of blood from which nucleus hos become lost. 

13. lymphoid stem cell or myeloblast from blood with leukemoid reoction, sponto- 
neous lymphocytoma. 

14 and 15. Lymphoid stem cells or myeloblasts from morrow, tronsmissible granu* 
loblostie leukosis. Wright's stoin. 

15 ond 18. Leukoblosis from blood with leukemoid reoction, iponlaneout 
lymphocytoma, 

17. Leukoblosti of fiieder type with lobuloied nucleus from blood, transmUiiW* 
gronuloblostic leukosis, Wright's stain. 

19 and 20. Metamyelocytes from blood with leukemoid reaction, sponfoneeui 
lymphocytoma. 

nl‘ ^7«jecyte from blood with leukemoid reaction, spontoneous lymphoeylomo. 
u blood, spontaneous eryihroblostie leukosis. 

2, Sfonuloeyte with variation of gronules from blood. , 

24, 25, 26, ond 27. Heterophil granulocytes, normal. Cell 27 shows swelling and 
rounding of granules os an ortifocl due to staining reaction. 

2?' Eosinophilic granulocytes, normal. , , 

L Bosophilic granulocytes, normal. Cell 33 shows loss of water-soluble 

basophilic moferiol from granules. 

lymphocytes, normal. 

40 and 41. Thrombocytes, normal. 

42. Mitotic figure in immoture cell from blood with leukemoid reaction, spontaneous 
lymphocytoma, 

43, 44, 45, and 46. Monocytes, normal. 

, 5^- Plasmodium gallinocewm parasites in erythrocytes of chickens. Blood films 

through courtesy of the late Dr. F. R. Bcaudette. 

55 to 59. Haemoproteus parasites In erythrocytes of turkeys. Blood films through 
courtesy of the late Dr. F. R. Beaudelte. 

60, 61, and 62. leucocylozoon smiihi and erythroeyfe, blood of turkey. Blood films 
through courtesy of the lote Dr. E. P. Johnson. Blacksburg, Vo. 
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on the twelfth day, confirming the obser- 
vation of Ackerman and Knouff (1959), the 
bursa on the fifteenth day with lymphoid 
cells almost entirely confined to these 
organs by the eighteenth day o! incubation. 
The spleen was involved almost exclusively 
in granulopoiesis and liver and hone mar- 
row in erythropoicsis at that time. Soon 
after hatching, significant lymphoid tissue 
was noted in the spleen and intestine. 

The formation of blood cells in the 
adult proceeds in a somewhat different 
manner from that outlined for the embryo. 
However, in times of stress upon the 
hematopoietic system or in some primary 
pathological conditions, there may be a 
partial return to the embryonic type of 
hematopoiesis. Erythrocytes and gcanulo- 
C)'tes are formed principally in the bone 
marrow. The erythrocytes are developed 
within sinuses lined by endothelial cells. 
Under normal conditions the young and 
immature erythrocytes are held within the 
sinuses during their development. When 
mature they are released to the circulation. 
Evidence indicates that the sinuses are in 
open communication with the blood dr- 
culation; however, the mechanism by 
which the immature cells are retained 
withm the sinuses until maturity is not 
known. Granulocytes are formed prind- 
pally in the bone marrow. Their locus of 
development is in the intersinusoidal areas 
and, therefore, extravascular. Under nor- 
mal conditions they usually develop by 
muluphcation of leukoblasts and pr^ 
myelocytes, cell types already partially dif- 
ferentiated and fixed in their line of de- 
velopment. When the granulocytes have 
matured suffidently they enter the drcula- 
tion by migration into adjacent sinusoids 
The myeloblast or hemocytoblast repre- 
sents an ancestral cell type common to 
both granulocytes and erythrocytes. These 
cells occur in the marrow and according 
to Jordan (1936) are represented by the 
germinal cells in the lymphoid nodules. 
His work indicates that the germinal cells 
produce small lymphocytes which surround 
them as a mantle. The lymphoid hemo- 
blasts in the marrow may become either 


granulocytes or erythrocytes, depending on 
whether or not they gain access to the 
sinusoids before undergoing further de- 
velopment. The lymphoid hemoblasts or 
small lymphocytes may also form thrombo- 
blasts which multiply in the sinusoids and 
later become thrombocytes. Jordan and 
Robeson (1942) believe the spleen is a 
normal source of the small lymphocytes in 
young pigeons. They demonstrated do 
veiopment of lymphoid foci in the marrow 
similar to those of the spleen as a result of 
splenectomy. This increase of lymphoid 
tissue supplied the deficiency resulting 
from loss of the spleen. 

The source of blood lymphocytes » 
chiefly the diffuse lymphoid tissue scattered 
along the intestinal tract, in the liver, and 
in the spleen, together with the more or 
less organized nodular lymphoid tissue of 
the spleen, thymus, cecums, and palatine 
tonsils. Jordan (1956) believes that the 
small lymphocyte of the bone marrow 
(lymphoid hemoblasi) is identical with 
that of the circulating blood. The dreu- 
lattng lymphocyte of the blood may then 
be regarded as a potential hemoblast. Like* 
wise, the germinal center cells in the or- 
ganized nodular lymphoid tissue are bemo- 
cytoblasts. 

THE REUTIONSHIPS OF BLOOD CELLS IN 
THE TISSUES 

A consideration of the blood cells in the 
tissues leads to one of the most fascinating 
aspects of hematology, as well as to one of 
the most confusing. With the exception of 
the erythrocytes, all cells of the blood have 
important functions in the tissues outside 
of the blood stream under normal as wdi 
as pathological conditions. Such cells as 
the heterophils fulfil their function in the 
tissues without change. The raononudear 
leukocytes (lymphocytes and monocytes) 
arc endowed with the ability of transfer* 
mation into other types of cells in the tis- 
sues. Studies of such transformations have 
been made by various means. Morphology 
alone is a useful and important method of 
study, but it does not indicate function 
as well as does physiological study by 
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means of tissue culture methods, supravital 
and intravital staining, and obse^atiom 
on the property of phagocytosis. 
sue cells of mammals have been studied 
more extensively than those of birds; how- 
ever, it has been shown that analogous all 
types exist in the chicken. This discussion 
is, therefore, rather general in nature. 

Aschoff grouped an extensive and wide- 
spread system of phagocytic cells under the 
term reticulo-endothelium. The element 
of this system are most numerous m the 
blood-forming organs. The cells belonpng 
to this system have been given various 
names (fixed and free macrophages, c as 
matocytes, Kupffer cells, active^ and resting 
wandering cells, histoblasts, littoral ce s. 
histioqtes, adventitial cells, alveolar 
phagocytes of the lung, and others). ^*^7" 
and Higgins (1938) suggest the use of the 
term histiocyte to designate the cells ot 
this system. Thus there are the fixed histio- 
cytes representing that portion ot^ the sys- 
tem which lines the vascular smusoi s, 
such as the littoral cells of the liver, spleen, 
organized lymphoid tissue, and bone mar- 
row. The free histiocytes include those ele- 
ments of the reiiculo-endoihelial 

found free in the tissues. The cells of the 
reticulo-endothelial system, the blood cells, 
and the fibroblastic cells have a common 
origin from the mesenchyme. Under many 
conditions they react as a group to protec 
the body from injury. The reticulo-en o- 
thelial system is in addition associated wit 
the metabolism of iron, lipids, car o- 
hydrates, and proteins, and the destrucuon 
of red blood cells as well as other processes 
of the body. 

The free histiocytes of the tissues have 
oiany morphological variations. TTie term 
polylilast was suggested by Maximow as 
descriptive of the histiocytes observed in 
areas of infiammation. The free hUti^te 
are regarded as being derived principally 
from the lymphocytes and monocytes o 
the blood. Some may be formed by a 
division of histiocytes and others by 
ferentiation of fibroblastic elements. S^e 
fixed histiocytes may become free and ac 
five. Transitional forms of histiocytes re- 


sembling fibroblasts are found in the tis- 
sues, suggesting the development of such 
cells into fibroblasts or the reverse. Both 
processes have been observed m tissue cul- 
iures It should be pointed out that tissue 
cultures of fibroblasts indicate the exist- 
ence of different races and that the physio- 
loeical properties and developmental tend- 
ency of such cells depend upon their origin 
and environment. 

The 6xed histiocytes are numerous in 
die sinusoids of the liver arid spleen of 
the chicken where they actively phago- 
cytize foreign particulate material. They 
exist in the lung as alveolar P>' 
die central nervous system as microglia 
and in the loose connective tissue as sessile 
cells attached to the connective tissue 
hbrils The fixed histiocytes may occur in 
any organ in the form of adventitial cells, 
in *^* 0 ® adventitia ol small blood vessels, 
and about the capillaries. . .u. 

There is considerable vanation m the 
amount of lymphoid tissue in the organs 
Tn'^al ehS^ns. The 
of Fabricius increase rapidly in site alter 
S'atSlig ol the chick and 
the time of sexual maturity. Click (laao; 
f A that the bursa reached maximum 

S Caused adecrease in sire of the h„„a 

^ fhp liver vanes m amouni 

areas of the liver ^ literature 

becke et al. and 

on distribution o y P . ,jssue 

found less devdopm lymphoid 

*" n 1 tfs 5 r^™-) !<>““'» “ 

nodules (0.1 to • , — vessels and 

lar intervals along y P 

particularly abundant m [o, 


particularly abundant in ^ 

scribed by Biggs ( . jj vessels was re- 

sBlning ^e’l^odules. Mydo.d 

■ - usually used to inde 


quired to 


metaplasia is a term pulocytes in 

the formation ot gr 
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organs other than the bone marrow. Sucli 
myeloid metaplasia may sometimes be ob- 
served in the lymphoid tissue of the 
thymus, periportal areas of the liver, and 
wall of the intestine. Hurt and Bloom 
(1935) found marked extramedullary 
granulopoiesis and erythropoiesis in the 
spleen, liver, and kidney of canaries affect- 
ed with malaria. The factors whidr con- 
trol the amount of lymphoid tissue and de- 
gree of myeloid metaplasia are not well 
understood. In general it appears that age 
is one controlling element, as the lymphoid 
tissue is less active in older birds. 

The role of the thymus, bursa of Fabric- 
ius, and spleen in development of immu- 
nity has attracted much attention in the 
past few years. Simonsen (1957) demon- 
strated that cells from the blood or spleen 
of a chicken mature enough to pr^uce 
antibodies can be transplanted to the 
spleen of an embryo vvhere they vvill grow 
and produce antibodies against their host. 
This results in a severe hemolytic anemia 
usually fatal in the second or third week 
after hatching. This is the reverse situ- 
ation from actively acquired immunologi- 
cal tolerance in which the host cannot pro- 
duce antibodies against foreign homolo- 
gous cells when the host was exposed to 
these foreign cells in embryonal or neo- 
natal life (Billingham el al , 1954). Bursec- 
tomized chickens have a reduced ability to 
produce antibodies (Click et al., 1956; 
Mueller el al., 1962). Chicks hatched from 
e^s treated with 19 nortestosterone on the 
fifth or twelfth day of incubation have no 
bursa of Fabricius, a reduced thymus and 
spleen, and form antibodies poorly (Muel- 
ler et al., 1962). Hilgard el al. (196^, meas- 
uring the tolerance by graft of lymphocytes 
on chorioallantoic membranes, found that 
the tolerance decreases rapidly with age in 
most chickens but may last indefinitely in 
some. The chick with no bursa had little 
resistance to injection of adult homologous 
spleen cells which grew markedly in the 
spleen, peritoneal cavity, and subcutis 
(Papermaster et al., 1962). Because of the 
sequence of lymphoid development. Paper- 


master and Good (1962) suggest that im- 
munologically competent lymphoid cells 
may arise in the bursa and thymus, then 
populate the spleen, bone marrovsr, and 
other sites. Szenberg and Warner (1962) 
used three tests of immunological compe- 
tence of chicks treated with testosterone in 
embryonal life. Some of the chicks had no 
bursa but would still reject a skin graft. 
Others had no bursa and complete atrophy 
of thymus cortex and would accept ho- 
mologous skin graft. Both groups did not 
produce a circulating antibody or show d^ 
layed hypersensitivity to tuberculin. They 
concluded that the bursa is primarily re- 
sponsible for production of a circulating 
antibody and delayed hypersensitivity, and 
the thymus is involved in host reaction to 
skin graft. 

THE BLOOD IN DISEASE 
Anemia is a condition in which the 
blood is deficient in cither the number of 
erythrocytes or the amount of hemoglobin 
or both. The term is also sometimes ap* 
plied when the erythrocytes show abno^ 
mal morphological features. Anemia may 
be associated with either acute or chrome 
disease, due either to suppression of blood 
cell production or to toxic destruction of 
blood cells. It may follow the loss of blood. 
Wirih and Kubasta (1939) have demon- 
strated the regenerative ability of the 
blood-forming tissues of the norma 
chicken by removing up to 85 per cent o 
the blood and observing the return o 
erythrocytes to normal levels within eight 
to nine days. The blood-forming organs 
of birds affected with disease will not re- 
spond with such rapidity. Anemia may re- 
sult from the lack of constituents neces- 
sary for blood cell production, as in dieta^ 
deficiencies. The erythrocytes in aneniia 
may show morphological deviations from 
the normal. The individual cells may be 
either larger or smaller than normal 
(anisocytosis). They may assume a variety 
of shapes such as being pointed at one end. 
or round (poikilocytosis). Immature 
erythrocytes may be found in large 
numbers in the blood, depending upon the 
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me ot production in the marrow. Many 
sudt immature cells are dericient m hetn^ 


such immaiuic 

globin as indicated by the color o the qtn 

plasm which is blue.gray-)cllow- (polichro 
Inasia). It is important to dtst.nsn.sh ^ 
ttveen the blood picture ol » set ere r^ 
eeneralivc anemia and that obsersed 
etythtoblaslic leukosis. In the 
stance one may usually fmd ll'.' 
o£ the erythrocyte CV'Pl'”''' 

Ijmphoid eiythroblasts) 

These are not usually P'"'"' i’’' 
in simple anemia. Islnguro (19ac) . 

scribed a transmissible anemia w hich might 
be an anemic form ol ", 

Study ol lionc marrow w-otild atd in 
situalion. . n.im- 

LcuVoqlosb is an inaease in 
ber of IcuVoq tcs in the blood. 
is a deocasc in the number of c 
in the blood. As has been mentioned, ^cre 
is considerable variation m the . 

of leultoc>lcs in the blood of normal 
chickens. In many disease oo^dm^s. « 
pccially bacterial infections, there may be 
a leukocsiosis. Various irritants may a« 
in different ways. Some may attract a 
cific type of cell and repel 
toxic materials may stimulate i * .. 

forming tissues to production o nc ^ 
types of leukocytes. Others 
the production of leukocytes an 
a condition of leukopenia. 
taining preaddophilic granules tna 
a basic Lin are described as .o^"^ 
normally in the blood of tlie ostndi (J 
son, 1936). In marked hcterophihc leuK 
cytosis there may be myelocytes * 
peripheral blood. Such a condition , 
not be mistaken for leukemia as it merwy 
represents the tremendous effort o 
part of the bone marrow to fulfi 
mand for heterophils that do . 

time to ripen before being pushc • 
blood stream. 

Anemia and leukocytosis may a 
many bacterial diseases. The stu y 
blood picture cannot be relied 
serve as a differential diagnostic 
the group of infectious bacterial 
The increase should be regarded as 


dex of llie response of the defense mecha- 
nism of the host against the inlecuon. A 
study of the blood and blood lorming tis- 
sues i. essential lor the diagnosts and d. ■ 
Icrcntiition ot leukosis from other d,s 
cases of the fowl. Infeetions with Salmo- 
nella species ol bacteria provoke a maked 
hcterophilic leukocytosis in 
(Moore 1895-96; Tajlor, 1916; Cook and 
Deatstyne, 1931; Olson 
1937- and U’ai and Slalseth, 1960). Ane- 
mia ’also i, commonly g”- 

tetial inlcclions. Gauger el ol. (UW 
lound no difference between the counts o 
erythrocytes and leukocytes in the blood o 
paeons tliat were positive to a 
Lo for Daratvphoid infection and those 
uTat s"re'^nega’£e. Bnaton (1960) has oh- 
sersed a severe hemolytic anemia in the 
last direc da)s o! acute, fatal fowl typhoid 

e^lfooTyirwirhta^^^^^^^ 

i':elters;stel““ln'chrontrto^^^^^^ 

“lime^e'ase ol die acute (Yersin) type of 

produced cases leukocytosis ol 

tuberculosis. A rela 

lymphocytes was no „ith a 

and ol '"gulrois of hetero- 
terminal relative I 25 days 

phils. Theje birds diM 

a(,er ■"““J"" ^ed the findings in the 
macliet (1937) , „ith hemorrhagic 

Xey o*«ed anemia in bo.li 
entetius. They o i„ one. 

aud a observed a decrease ol 

Wannop (1961) ^ of heterophils 

a.».vthrocvtes and an u«. . j:,ease 


Wannop heterophils 

erythrocytes and ..X" disease 

and rootroryter '" 7 ^,ogos had 

but commented tot to 

been noted in oth a marked 

Seastone 
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monocytosis in chickens wills experimen- 
tally produced listeriosis. Following intra- 
venous inoculation of the bacteria, the 
monocytes increased from about 5,000 per 
mm.* to a peak of 60,000 per mm.* in five 
day's, and at eight days dropped to about 
10,000 per mm.* There was only a moder- 
ate increase of granulocytes and appar- 
ently no disturbance of the lymphocytes. 

Hemoglobin, erythrocyte, and leukocyte 
(total and relative values) measurements 
were essentially similar in experimental 
infectious synovitis whether caused by an 
agent or by pleuropneumonia-like organ- 
isms (Olson el al,, 1957). There was 
anemia. The leukocytes increased from 
twenty to eighty thousand in 12 days and 
remained so for about 33 days. The abso- 
lute values were not given but there ap- 
peared to be an inaease of heterophils, 
immature cells, and monocytes with per- 
haps a moderate inaease of lymphocytes. 

Thorp and Graham (1932) reported 
the results of counts of erythrocytes and 
leukocytes made on the blood of 71 chick- 
ens affected with acute laryngotradtcitls. 
They found the number of erythrocytes to 
be within normal limiu and the number 
of leukocytes to be slightly lower than the 
normal values for these cells as reported 
by other workers. It is pertinent to note 
that Thorp and Graham (1932) used the 
Blain method for counting leukocytes. 
This method has been observed to have 
a tendency to produce lower counts of 
leukocytes than other methods. In some 
cases of Newcastle disease, DeKoch (1954) 
observed a monocytosis and reduction of 
small lymphocytes. Many of the circulating 
monocytes contained phagocytosed red 
cells. The bone marrow was not affected, 
but degeneration and depletion of lympho- 
cytes and an increase of reticulum cells 
and plasma cells were marked in the 
lymphoid deposits of the spleen, liver, and 
intestinal tract. Fredrickson and Chute 
(1958) noted a deaease of all leukocytes on 
the eleventh day of Newcastle infection 
and an increase of monocytes and hetero- 
phils on the fourteenth day. The sedi- 
mentation rate, plasma specific gravity. 


and values for buffy coat were also altered 
during the disease. Sharma and Seethara- 
nian (1950) obscr%'cd anemia, a slight 
heterophil leukocytosis, and lymphopenia 
(to a calculated one-third pre-exposure 
level) in adult chickens 3 and 4 days after 
infection with Ranikhct virus. 

An inaease of eosinophils has been 
noted in the blood of a chicken wth coc- 
cidiosis and tapeworms (Yakimolf and 
Rast^ieff, 1929), in a grouse harboring 
Trichoslrongylus pergracilis (Faniliam, 
1912), and in chickens with Capillaria 
columbae infection (Olson and Levine, 
1939). A leukocytosis of heterophils and 
slight anemia were also noted in Capillana 
columbae infection. Chickens with cocdoi- 
osis have been observed to have a rcUtise 
heterophilic leukocytosis (Fantham, 1912) 
and an inaease in the total number o| 
leukocytes (Krdmkcr, 1937). A controlled 
infection of chickens with Heterakit gol- 
linae demonstrated an inaease of hetw®" 
phils and eosinophils, though the inaease 
was not related to the number of parasites 
present (IVickwarc, 1917). Experimentally 
produced and natural cases of typh**^ 
hepatitis (Hittomonas meleagndis infec- 
tion) in turkeys were found by Johnson 
and Lange (1939) to be associated widi 
a relative heterophilia and monoqlosis- 
Except for a slight anemia of uncerum 
significance, no clianges of the blood wae 
observed by Olson (1935) in chickens be- 
fore and after treatment for heavy infest^ 
lions of lice. Yakimolf and Rastdgare 
(1930) have noted a decrease in the pa- 
centage of lymphocytes and an inaease m 
heterophils together with a slight relative 
deaease in monocytes in chickens expen- 
mentally afflicted with spirochetosis. 
They also have observed a heterophi ic 
leukocytosis in two spontaneous cases o 
spirochetosis. Coles (1939) states 
marked anemia may occur in young 
with aegyptianellosis, but that ^e m a 
tion in adult birds is associated with only 
transient anemia. Jacobi (1939) 
that the number of erythrocytes droppc 
to about one-third the normal level during 
the acute stage of experimental infectio 
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with Plasmodium gallinaceum; later Uie 
erythrocytes and hemoglobin were sltnvly 
and simultaneously regenerated lo .5°*’ 
normal levels. Rostorfer and Rigdon 
(1946) have shown the anemia of ducKs 
with experimental acute malaria to ^ ot 
the macrocytic hypochromic type. There 
was also a decrease in functional hemo- 
globin in relation to the hemoglobin 
measured as add hematin. _ 

KromVer (1937) reported anemia to oe 
associated with gout. He also studied lire 
blood ot a chicken svith [owl po* u"<[ 
found an increase in the total number ol 
leukocytes at the time the skin lesions mere 
berinning to dry. 

The work of Goff el al (195$) suggest 
that a heierophilic leukocytosis, 
hematoait and mean corpuscular ^ 
with deaeased corpuscular 
may be used to diagnose an early or 
derline defidency of riboflavin m yo g 
chickens. These changes returned to nor- 
mal when riboflavin was 
bird, reached 12 meek, ot age. Urethami, 
X-ray. and aminopterin decreased the 
number of drculating leukocytes (Dinning 
el al, 1950). , . , 

Vitamin K is related to clotting of the 


vitamin k is reiaicu lu 

blood, and Griminger and co-worken 
(1953) found that it would reduce th 
clotting time prolonged by terra V ’ 
arsenic, and arsanilic acid. ^ I 

(1954) studied the blood in 20 «5es 
hemorrhagic disease, in which S'"® . . 

chickens died with hemorrhages p 
pally in skeletal and cardiac 
cutis, and intestine. The clotting U 
prolonged and the thrombocytes , 

larged and vacuolated. The 
heterophils varied but anemia was q 
constant. The marrow was aplasuc 
leukopenia existed near the time o 
Essentially similar findings in a & 
number of cases were reported y 
et al. (1955). who differentiated the 
dilion from vitamin K defiaency. 
aplastic anemia problem continues 
with no new knowledge of i 

‘"“cSsJfSagulation time of blood and 


decrease in erythrocytes were noted in 
birds witlt avian encephalomyelitis and/or 
ted sultaquinoxaline (Morrissette et at., 

'Poisoning from the ingestion of lead 
causes anemia in wild ducks with baso- 
plnlic stippling ot the erythrocytes ac- 
cording to the findings ol Johns (1934). 
The question ol whether or not basophilic 
stippling ol erythrocytes occurs 
toliation in chickens is not settled. Key 
(1924) cites Minot, and Meyer and 
Sneroni to the effect that there is no stip- 
plfng, Veenendaal (1955) 
obsened anemia without basophilic sup 
nling in chickens with lead poisoning. 

^ Ldhrs (1936) has described the changes 
in me blood ot pigeom alter exposure ro 
high concentrations of war gases (phos 

reladvt Tnaeast in"beterophns“and^^a 

SSow"n w^C’^mediatelT p' ced' 

of the blood cells were observed.^ 

Under some circumstances of 
or disseminated neoplastic 

msv be a pouring out ot unripe blood cells 
SJo Se blood eitculation. This leukemmd 
r«ca“ may be so marked as to resemble 

“ d nerinheral blood in fowl leukosis. 

r= -i'i 

“hSh the rtader is relerred lor a discus- 

tn of the hematolo^ of these d^ 

The functions of Ihe ceils o 
ate of such a nature as 


'Xco^r---fa’’r.brcr^^^ 

lating information on cells^ 

correlated with ou 

Knowledge of the S ^ consti 
and blood-forming organs snou 
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lute an important part of our information 
on diseases of birds. Such knowledge 
should consist of more than mere "counts'* 
of the blood cells and should embrace facts 
concerning tlie qualitative changes of cells 
such as indications of degeneration or re- 
generation of blood cells in the blood and 


tissues. Studies should be made at diSer- 
ent stages of disease and the clianges cor- 
related with die course of the disease. 
Constant additions to our infonnation are 
being made in the literature of today and 
should lead to better understanding of 
avian hematology in die future. 
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Principles of Disease Prevention 


The trend in all agricultural industries is 
towards larger units, fewer fanners, and 
corporate operation. Poultry and turkey 
industries have been following these 
trends, and with them have come stress on 
efficiency of operation and lower cost of 
production. In the chicken industry, 
larger laying flocks, a shift to cage layer 
operation, and mass rearing of broilers are 
examples. For a number of years turkey 
flocks have been increasing in size with 
many small part-time raisers leaving the 
business. Corporation farming and the 
tendency towards integration of breeder, 
hatchery, brooding, rearing, and feed sup- 
ply operations under one management 
present new and different problems in all 
types of management. 

The cardinal principles of dbease pre- 
vention and control, however, have not 
changed. It will not be the purpose of this 
chapter to give details on methods adapted 
to modern trends but only to attempt to 
outline fundamentals that can be applied 
to all phases of the industries. The reader 


is referred to individual chapters on spe- 
cific diseases for specific information con- 
cerning them. It is also emphasized that to 
keep abreast with the enormous research 
now under way, the reader must supple- 
ment what is given herein by a constant 
survey of the current literature. It will be 
especially important to be on the alert for 
new information which will be forthcom- 
ing as a result of the increased interest m 
environmental research. Standard text- 
books on poultry and turkey productmn 
are oilier sources of information. Ex- 
amples are Card (1961) and Marsden anct 
Martin (1955). 

The same principles of disease preven- 
tion apply to poultry as to other livestock; 
and they are, to a large extent, the same 
as those applying to human beings. Van 
Es and Olney (1934) summarize the fe- 
tors conducive to health and body e 
dency: "(1) soundness of body and of con- 
stitution and vigor, (2) adequate 
tion, (3) suitable environment, and {^) 
eradication and control of transmissib e 


[m] 
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diseases." Although immunity to diseaK 
cannot be guaranteed when poultry 
reared according to tliKC 
groi.er who ohscnes them wi 1 
his dunces o£ raising a profitable flod- 

SOUNDNESS OF BODY AND 
CONSTITUTION 

The most important 
flock of sound, vigorous birds J* 

cood constitutions is the breeding T 

ol the Hock. Selection ol healthy, w el 
matured stock will aid in developing a 
disease-tree Hock. The ancestry ol tne 
breeding stock should be considered birds 
from a parent that had some 
lect, such as a pendulous “7’ 
toes, or a curved" spine, should alvmp be 
avoided, A chick or poult tha >1“ 
through the season without such " , 

will serve much better tor Pi°P ^ ^ 
than the one that has bad several «tb^ 
Eelore being Snally selected as a breea^, 
each individual should be exammed (or 
delects and discarded it abnormal in any 
way. When buying hatching eg^ ,„mind 
old’ chicks or ^ults, one 
Stock from disease-free breeding 
meet the requirements just discus 

ADEQUATE NUTRITION 

An adequate diet 

sentials for normal growth. Wit V 
essential ingredient lacking, -H 

proper balance, normal develop .. .jy 

be marded. A diseased condition direcUy 

or indirectly due to the faulty ration may 
result. Whether or not many birds me . 
such cases, slow development rnay 
as gyeat a monetary loss as i Jietary 
been severe mortality. Some o ^ 

disorders will be discussed in Obap 
and 7. 

SUITABLE ENVIRONMENT 

The term “environment’’ refc« to 

surroundings in which the bir s 

Necessarily, this environrwnt va 

the methods of rearing. The o *5 

lice ot halching and t type o£ 

an example o£ an entirely diSeren yp. 


environment trom that turmshed by the 
modern method ol incubator hatching of 
eggs and brooder rearing ol young birds. 
Sictmore, the range rearing ot poults 
or clucks is in contrast to die 
mctliod. In any case, *= 
case depends on the ability o£ 
vironment to aid nature in 
disease. Dryness, drainage, amount ol sun 
diine, nearness to other species of lovvl or 
otlier animals on the same premises, loca- 
in respect to other farms, type o£ soil, 
a^ shelter tacililies arc examples of 
“^ironmemal factors that may tnfluence 
Ihc disease problem. 


ERADICATION AND CONTROL OF 
IraSsMISSIBLE DISEASES 

Transmissible diseases, once established, 
mX Susc heavy losses. Examples are 
may /blackhead), hexamitiasis. 

7oi=«. ^ r-rTnS' 

b’rcbiditewgrdtt'chronlc 

UOUS bwnch i»s. we laryngotrache- 

^'^P’r^pof and clcldiii,’ The two 
a| ,,L'oI introducing inlectious 
Sseais into a Hock are by natural and 
mechanical carriers. 

Nnturol Carriers 

The most serious carriers ot inlections 
are birds or other animals which have 
pamntly recovered from the dtscase m 
"IlStion bur whld, still 

ises IS an eilectiv . A Different 

breeding /lorE 

'Thf defoTuS™ 
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pHcable to newly introduced diseases and 
especially to exotic diseases like fowl 
plague. It may also be used to rid the 
premises of diseases such as tuberculosis, 
fowl cholera, fowl typhoid, and infectious 
laryngotracheitis. Depopulation, as well as 
other phases of disease eradication, is a 
community problem and one must have 
the cooperation of all poultrymen if suc- 
cess is to be insured. The time between de- 
population and purchase of disease-free 
day-old replacement stock will depend on 
many factors discussed under the diseases 
in question. Environment plays an impor- 
tant part in the time interval necessary to 
insure success. 

It is extremely important that all re- 
placements for any system of management 
come as puUorum-typhoid-dUease free (.U.S. 
Pullorum-Typhoid-Clean) eggs, chicks, or 
poults. The putchase of started chicks or 
poults IS an excellent means of introducing 
many dtseases into a flock. Such diseases 
as Newcastle disease, coccidiosis, and the 
various respiratory diseases are especially 
prone to be spread by purchase of chicks 
that have been reared from a few days to 
a few weeks by the hatchery. 

The purchase of adult birds for breed- 
ing flock replacements is another common 
utay of introducing disease into a flock. 
All breeding flock owners should therefore 
always purchase their replacements as 
hatching eggs or day-old chicks or pouUs 
and only from known disease-free sources. 

An equal chance is taken by the breed- 
ing flock owner who exhibits his breeders 
at shows or fairs and then returns them 
to his ranch. If he must show his birds, he 
should select individuals which can be sold 
for market purposes after the exhibition 
is over. Fowl pox, respiratory diseases, and 
external parasites are likely to be the price 
paid for returning birds to the home farm 
following their exhibition at shows. Egg. 
laying contests fall in the same cat^ory 
as fairs and shows. The increase of cage 
layer flocks has created an interest in 
"started pullet" supplier businesses to sell 
started pullets to cage layer flock owners. 
This system of obtaining replacements has 


man y advantages, but it can be a danger- 
ous practice as far as disease control is 
concerned. The system is conducive to the 
spread of disease and must be very care- 
fully controlled to prevent introduction of 
new diseases into a flock. 

Unfortunately, carriers of the more com- 
mon diseases of poultry cannot be de- 
tected by simplified tests that are practi- 
cable. The agglutination tests for carriers 
of fowl typhoid, of pullorum disease, a 
few of the otlier salmonelloses (para- 
typhoid) and chronic respiratory disease 
are exceptions. Strict supervision over all 
supply flocks will help to secure eggs of 
the best quality. 

Chickens may be carriers of many dis- 
eases common to both turkeys and chick- 
ens. It is equally true that turkeys may 
be carriers of diseases which may cause 
severe losses in chickens. Turkeys and 
chickens can be reared as pen mates or in 
adjoining yards, provided both species are 
free from disease; but the chances tliat 
chickens may carry blackhead or other 
diseases or that turkeys may carry chicken 
diseases are too great to risk (Fig. 5.1). 
Wild birds, such as quail, pheasants, pi- 
geons, and sparrows, are susceptible to 
many of the diseases of chickens and 
turkeys, such as salmonellosis, blackhead, 
hexamitiasis, respiratory disease, and fowl 
cholera. Psittacine birds as well as certain 
wild waterfowl must be considered possible 
carriers of ornitliosis (psittacosis) to 
turkeys, chickens, and ducl^. 

Mechanicol Carriers 

Mechanical carriers include all means by 
which infectious organisms are accidentally 
carried from place to place; man, animals, 
svild birds, insects, dust storms, moving 
vehicles, feed sacks, poultry crates, and 
flowing streams. 

Afan is the worst offender, and the 
attendant who cares for both an adult and 
growing flock may be the principal carrier 
to the young flock. It has been shown that 
a person may carry viable coccidial oocysts 
on his shoes for several hours and be 
sponsible for contaminating clean feed m 



Chapter 5: PR/NCIPIES OF DISEASE PREVENTION 





li*-**,' -rr ‘..U— not b« reared Ip. the »om»yord. 

FIG. 5.1 - Chicken, and lurkey* should no, be 


the process ot mixing it. It has . 

proved that coccidial ooqsts may 
on the soles of shoes after die wea 
walked for at least one-half 
s^hen washed from the soles, are . 
producing fatal cases of the disease. > 
if adult turkeys or diickens are to be kep 
on the same premises with poults or ch,^. 
great care must be taken to preven P 
of the disease from the adults to i ,e y 
by attendants. This precaution applies a 
to other diseases. . 

Fjjitors, especially other poultry gr > 
feed salesmen, and service menp 
principal offenders aside from e , . 
Lt himself. The poultry grower .hould 
avoid visiting neighboring farms 

is known to be present. Visitors ^ould ^ 

cautioned about entering the ou 

yards. The feed dealer's or 

buyer's truck and the botrowed spray 

tank that has been making the ro 

the farms may be sources of 

used feed sack, the poultry , disin- 

not been thoroughly '‘'“'I “ ,he 


.,,1. that can be discarded eliminate, the 
“^ondUand ted sack problem. JunghetT 
11950) has reviewed the literature, a 
retried his attempts to samlise used feed 
Kth^ He was not successful m finding a 

chances of contact with contaminated ob 

diseased bitds,^^^^^ 

and Salhers can be classed « poss.b e 
murces of disease, such material should 
be burned or buried deep. y 

„il and water polluted by dead birds 
thrown into streams even at some distance 

Srrc=:£nro?4^,-ywere 


not“b„„ ttorou^dy cleaned and dsom for which, mey were 

fected after being sent to ^ of removed but one rea- 

hoe or scraper that is used in • P house tracted while in the P i 
carriers and then in the broo son hospital pens are n rodents, and 

without being cleaned, are other P^^ . Passerine birds, dog , 

sources of disease. The use of pap 
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insects are difficult to incriminate js 
mechanical carriers, but they are possi- 
bilities and should be kept away whenever 
possible. 

SANITATION 

Sanitation may be defined as the means 
and measures directed totvard establishing 
and maintaining an environment in which 
it is safe for animals to exist. The factors 
considered on the preceding pages arc im- 
portant adjuncts to any sanitary pre^ram. 
Especially important Is the elimination of 
carriers. Other factors to consider are 
houses, yards, water supplies, and food 

Houses and Yards 

The first step in the sanitation of 
brooder houses is the original construction 
Ease of cleaning and disinfection, proper 
isolation of each unit in the case of the 
multiple-pen type, separate entrances for 
each unit, sanitary water and feeding sys- 
tems, and rodent-proof feed storage con- 
tainers should be considered when build- 
ing a brooder house. Facilities for cleaning 
the individual houses and yards can be 
arranged by having a gate in the front 
entrance of each yard. 

Wire sun porches and wire platforms 


are an aid in preventing disease (Fig- 5-2)- 
It is important that the wire used wr sun 
porclies and platforms be heavy enoug 
hold birds without sagging and mat tne 
mesh be of sufficient site to permit drop- 
pings to fall through readily. A mesn 
l"xl" or l"xU/8" will serve best for al 
purposes. Even for very young clucks ana 
poults it is seldom necessary to use less 
than a x "lesli wire. 

The number of birds on a given area, 
cither in the brooder house or on 
range, may influence the livability. 
crowding means more work in keeping 
the surroundings clean and dry; it also i 
creases the problem of feeding and 
lation. These factors indirectly lower tne 
resistance of birds and facilitate spread oi 
disease. There are many factors to be con- 
sidered in determining what constitu 
overcrowding, but use of common sense y 
the grower will answer most of the ques^ 
tions as to the number of birds to 
housed under various local conditions. 

The reader is referred to standard text- 
books. current experiment station bu he- 
tins, and reliable journals for 
information on space requirements 
chickens and turkeys of various ages. 

Yards or ranges should be maintain 
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tree from all mlecuons and 

Chlekens should never be reared m yar* 

with turkeys. For the confinement mediod 

of rearing turkeys, rotation <>f “ 

recommended. In large mnge ar ■ 

tion of runs is impossible; but feed^ 

grounds and feeding areas tan be movrt 

ft least twice a week as an aid in prevm 

ing accumulations of manure and httm 

wherein lies the greatest danger of dts^e. 

Good drainage that 

tion of stagnant pools in yards 

sary. The probability of 

easl is dirictly related to the amount of 

parasitic invasion. If moisture is "“f P'“ 

ent, only the more resistant organisms can 

remain alive and infective. Goo ' 

such as is found on sandy or Stavelly • 
aids in keeping infections at a 
because of the dilution factor 
Dry, hot regions having an ^ 

sunshine aid in reducing the Pb '^‘1 
of contamination and therefore P. ^ 
venting disease. The range “'‘ba^ 
provides enough ground so 
be moved frequently to clean areas, lute 
wise helps. 


Water Supply . 

Since the water supply is no ^5 

the poorest water available, 
other than those known to be c ^ 
safe from contamination shou . 

moved. The best type of water foun urn 
is of no value in preventing buease ■ 
allowed to overflow and to form a g 
pool. The immediate 
permanent fountain or an 
should be filled in for several 1 "*' 
gravel, or the container shoul i«vl« 
a screened platform ““a. which 

or to insure a dry are^ 

will help to prevent the sprea 
In houses or in yards, 'wherever po^iWe. 
an automatic watering system wi P j 
drainage lor disposal <■! -h' -■P‘"[, “ 
recommended. Figure 5.3A 
tratcs types of ^vatering devices that a« 
recommended. Many on the 

made sanitary water cquipmen 

“fm young birds, from 15 to 20 -"bg.'- 


l„n fountains lor each 1,000 birds are 

reeonuoended. Older birds should have 

from 48 inches to 72 inches ot water 
^ntain space accessible on both sides per 
1 000 individuals. The number an 
nadtv will vary with conditions, and 
should make sure that there me 
f^le supplies to keep water before the 
birds at all times. 

When automatic systems are used, they 

be inspected frequently mrmum 

•hm thev are operating properly. It 

SkcIJiT 

lected from contamination by body wastes, 

•1 .artH f(*ed it far surpasses the same 
Z^T Which has been 
conumination purposes. 

of the drugs recommended for ann 
Sfwaten often they avoid water because 
of® this dislike. With the continuing m- 
^et^se of u '= of antibiotics and other drup 
STdditives to leed and/or water tor spfr 

“'It^'^r^ and irrigation ditches a^ a 
re^rt^ronUm^Sel-r es, arl 

^ferTfi.“^L^/’lL^■ngerro; 

analyred by a chemist. 


feeds and Feeding Melhods 
Feed as a meclianical means ol 

poeehase tl.e best mfee- 

Sampness and itom 

uon. AloWy /red sl.oald never Oe g.ve 
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FIG. 5.3 — (A) Two types of commerciolly made galvanized watereri suitable for poultry. 
These should be set on wire platforms to insure dry surroundings. (B) "Von Es" type 
of water fountain. It provides for a continuous flow of water In the bubbler and for 
passage of overflow into the tile drain. The drinking cup is placed 6 inches above the 
ground, is kept outomaticolly cleonsed, and can be regarded as strictly sanitary. IVon Es, 
Univ. of Nebr.) 


Several outbreaks of mycosis originating 
from contaminated milk containers have 
been observed by the author. Failure to 
wash and scald daily the cans used for 
transporting milk from the dairy to the 
range was the most common cause. Im- 
proper care of semisolid milk may be 
another source of mycosis. Forgacs el al. 
(1962) showed that under some conditions 
feed contaminated with any one of several 
species of molds may cause a marked 
hemorrhagic disease of chickens. 


Safeguarding the feed against fecal mat- 
ter and other refuse by using properly 
constructed feed hoppers is a necessary 
procedure in the sanitary program. There 
are three general types of feeders in com- 
mon use on poultry farms. These are (1) 
the mechanical feeder, (2) the trough 
type, (3) the hanging type. A hanging 
and trough type are illustrated in Fig. 5.4 
A and B. The proper use of any of these 
types is essential. It is especially imporuni 
to keep them adjusted properly for the 



FIG 5.5— The type of eurroundinflt ihol invlie* ret end mowse invotlon end In turn In- 
crease* diseote lron*mit$ien poisibilitie*. 



FIG. 5.6 — This modern house hos many features which aid in disease prevention. They include 
outside feed storage tanks, roof venlifation (evaporator coalers), and two large doors on either eno 
to facilitote cleoning between lots (Pacific Poullrymon ) 



FIG. 5.7 -Type of wire 
platform used at iKe Los 
Angeles County tColifornia) 
Poultry Demonstrotion Plont, 
for feeders ond woterers. 
Note the length, width, 
height, and the size of the 
wire mesh ir'xm'O. Win- 
show, Univ. of Calif. Agr. 
Exper. Sta., Bol. 613.) 



pends on the nature o£ the environment, 
the character o£ the in£ectious fS'"' 
desuoyed, and the method to be 
Cleaning, bc£ore die final W''“‘ ° 
of chemicals, is essential m any isi , 
program; cleaning alone sviil no 
in disinfection, but, if carried ou 
erly, it will render disinfection by 
cals more efficient. The 
suggested for cleaning and ."1,,, 

I Settle the dust by 
with the disinfectant to be used. This p 
cedure avoids undue scattering o 
organisms by dust and aeroso s. 

I. Take ill movable equipment out of 
the building before starting l ^ 

'’I”N°evcr spread litter ‘’e .'*'‘’PP'i^,°" 
the land being used for ranging tur y 
chickens. If infection is known 
bury or burn the litter. ,.n„in- 

4^ Scrub the walls, , floors, and 

ment with hot lyc solution made y 
1 pound of lye to 20 gallons of hot ^ 
or with a good detergent. ° 
can be used to apply the 
should be taken to \ About 1 

getting on the hands and f ■ 
hour after its application, tn ) 
be rinsed off with hot water. „-ecsure 
Used properly, P°“““' ,“^„g‘^ house. 
Steam cleaning units for clea g 
and equipment, are of great value .» m 


cleaning and “STquPn; 

and defontaminalion, can be added 

lO^Uie water. Many types are available. 

‘Tspmy''‘he w'ails, floors, and equip- 
„e„. w'^Si a good disinfectant of the con- 

srVrr-«,VTS 
2!'.7.il: tSisri'iS",",;; 

Ldern poultry P/^'^^ySS 

fr SuiCulTbe considered tor 
uie' house and brooder- 

and The formaldehyde gas 

Sr‘such%uipmem if a gas proof room 

%Tr“Ul550--herei-a«aveof 

^tSSed among pouUiT 
^'.■■^his was .he -It oi r/n- 

stimulated by ’‘“'""lijo, „ ,he Ohio 
and Chamber in 0!'5») « „„„„ 

Agricultural Experiment Station. 
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FIG. 5.8 — A portable steam cleaner In operotion ot the Poehimonn Hotchery, Pe>olvmo< 
California. ($. E. Hall Co., Berkeley, Collf.) 


and Chamberlin (1953) suggested "compost 
litter” as a more appropriate name for 
"deep litter” and ‘‘built-up litter." The 
data obtained by these investigators indi- 
cate that litter, if kept dry, need not be re- 
placed for long periods, and that it need 
only be replenished from time to time with 
new litter. This practice is contrary to all 
previous ideas of proper sanitation, so in 
spite of the apparent successes in controlled 
trials, the writer believes that one should 
proceed with caution when using the com- 
post-litter system. 

Since ammonia fumes tend to accumu- 
late as a result of damp litter and may 
cause a keratoconjunctivitis in chickens 
(Bullis et al., 1950; and Wright and Frank. 
1957), it is important that litter be re- 
placed if excessive ammonia fumes are de- 
tected. It is also essential that the litter be 
kept dry by frequent stirring, especially 
during the winter months. Birds should be 
carefully watched for signs of disease that 
would indicate the system is not working. 


Disinfestation 

Mechanical or pliysical means of hinde^ 
ing the development of parasites or de- 
stroying them are probably as important 
as diemical means. Cleaning the yards of 
all refuse, removing litter and droppings 
frequently, and constructing the houses so 
as to prevent the harboring of ticks, lice, 
and mites are examples of mechanical 
methods. All methods of fly control — 
cleanliness, proper care of litter and drop- 
pings, and destruction of breeding places 
— indirectly aid in reducing tapeworm in- 
festation. 

The methods recommended for dean- 
ing and disinfection are also applicable m 
the disinfestation program. Yards are best 
treated by frequent cleaning and by rota- 
tion. The former dilutes the amount of 
infection or infestation and allows the sun 
better opportunity to exert its influence on 
the remaining parasites. Rotation of runs 
at regular intervals allows the sun and the 
other natural elements to free a given area 
ot parasites. No satisfactory cheap disin- 
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iBtant tor the soil has been 
Plowing o£ the yards is not 
unless necessary tor weed control or 
a aop rotation system is 
the poultry-rearing program. Plowe p 
soon become dusty, tend to '■ecome pit^ 
with holes that collect water doj-f 
and are harder to clean than yards that are 
left unplowed. 

DISINFECTANTS 


ldlNrc%ai><r«ia 

The number ot chemicals sold as disim 
leclants is great. Some are ";°r*''“; “‘'’j,., 
are excellent disinfectants but have u"de_ 
sirable characteristics. Among P 
ties of an ideal disinfectant are ( ) 
cost per unit of disinfecting va ' 
ready solubility in hard water. ( ) 
safety to man and A.s.v 

deodoriiation, (5) easy ayai a K 
nondestructibiUty to utensils and fabn . 

(7) stability when exposed ^ 

sence or minimum of 
lingering odor, (9) =^®‘^“y*'^Qhv\ously, 
variety of infectious agents. Obviously 
one chemical will have all ihes P P 
liesj but the list will serve as a . 

Many disinfectants of . names, 

lions are sold under different tr 

Before buying a compare 

familar trade name, one should coni^ 
types and values with a well-_ . ^jy 
uct. The directions for in 

the manufacturer should be o ej.j^ 5^ 
making up a disinfectant for ^ 

directions are usually based on 
ceuuation of the product: dtin- 

paring the dilution factor o ^ual. 

fectants that have other propertira ^ 
one can determine the relative c 
two. For additional use the 

ences on disinfectants and t 
reader is referred to Reddish ( gi 

lips and Warshowsky 
al. (1961). as well as to textbooKS 
pharmacology and therapeutics. 

Phenol, or Carbolic Acid v.,.Sn«l 

Phenol is a chemical substa^e ob^^ 
from coal tar. In its pure form u 


as colorless needles having a charac ensue 
odor famiUar to everyone. It is usually sold 
in water solutions and is too expensive for 
nse This is the chemical used as 

Lilts':! dt=f.tf»mpfe 

(1957). 

*s“S 

"“i’usroTaesvTic disinfectant, which are 
^ U use for official disinfection 
permuted for use tor 

IT published P^”°J ^5,^Sire!Agricul- 

States ^^P^^h'^Servicef Animal Disease 
ture Resear^ j. Anderson, 

-?;'Ssrara"S’forLu,= o. 

specific products. 


infectanl and the aesol 

less i")““"Vhe odor is also less objec. 
compounds. The “ suited 

tionable. It J fP uic bnildinp and 
lor use on floors “ I hatcheries, 

could be use commercial pme 

rS'fe--"-' 

Hypo.Mo.!l« disinfectants 

Chlorine is the oasis j, „clilontes, 
known as **,P° Ju ^ (1957), are avail- 
according to Hadhet t 
able as “ypocblo"‘= 

chlorite j j,cd trisodium phosphate 

sodium hypo- 

'“■?hf products »ntain^ 
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15 per cent solutions are used to prepare 
5 per cent solutions with water for bleaches 
and sanitizing agents. Germicidal potency 
of hypochlorites is dependent upon both 
the concentration of available chlorine and 
the pH of the solution, or upon the 
amount of hypoclilorous add formed 
whidi is dependent upon both these fac- 
tors. The influence of pH, especially in 
dilute solutions, is even greater than the 
per cent of available dilorine. If used ac- 
cording to directions, hypochlorites are 
highly cflicient. Their principal use is for 
disinfecting limited areas sudi as in- 
cubators, small brooders, and water and 
feed containers. All surfaces to be disin- 
fected with hypochlorite solutions must 
first be thoroughly cleaned in order to 
insure the greatest efficiency. Slock sup- 
plies should be kept in dark, cool places, 
and the containers should be tightly sealed 
when not tn use. 

Chlarinated Lime 

Ciilorinatcd lime, known as bleaching 
fwwder, is prepared by saturating slaked 
lime with chlorine gas. It should contain 
from 30 to 33 per cent of available chlo- 
rine The U.S.D.A. Animal Disease Eradi- 
cation Division recognizes chlorinated 
lime containing at least 30 per cent av-ail- 
able ddorine for official disinfection when 
used in proportions of 1 pound to 3 gal- 
lons of water. Chlorinated lime has been 
largely supplanted by calcium hypo- 
diloritc products containing 70 per cent 
available chlorine. These products arc 
used for chlorination o( water supplies, 
swimming pooh, sewage effluents, and for 
preparation of bleaching, and sanitizing 
solutions. Fresh solutions must be pre- 
pared daily. 

All products containing chlorine must 
be handled with care because free chlorine 
is destructive to fabrics, leather, and metal. 

Quicklimo (Unsloked lime, Calcium 
Oxide) 

The action of quicklime depends on ilte 
liberation of heat and oxygen when the 
chemical comes in contact with water. On 


the poultry farm its use is limited to small 
yard areas that are damp and cannot be 
exposed to the sun, to tlie disinfection of 
drains and fecal matter, and to white- 
svashes. Adding chlorinated lime to quick- 
lime at the rate of 1 pound to 40 gallons 
of wash increases its disinfecting value in 
whitewashes. As quicklime has a caustic 
action, birds should be kept away from 
it until it has become thoroughly dry. 

Hydrated lime, according to Yushok and 
Bear (1914), when used as a preservative 
and deodorizing agent for poultry manure 
also has value as a partial disinfectant 
kfixed with fresh manure at the rate of 
200 pounds per ton of manure, it was 
found to have a bactericidal effect on 
Salmonella pullorum. Salmonella typki- 
murium. Salmonella gallinarum, and Fas- 
teurella multocida in a 15-minute period. 
Similarly it prevented the sporulation of 
coccidial oocysts and the segmentation and 
embryonation of Ascaridia galli eggs. 
Another advantage of this use pointed out 
by them is that the ueated manure is un- 
attractive to flies and rodents. Fly mag^ts 
are not produced in the treated dropping 
pits, and both mice and rats avoid them. 

lye 

Lye is an excellent cleansing agent, 
valuable in any disinfecting program. A 2 
per cent solution of sodium hydroxide 
(soda lye) is a good disinfectant for many 
of the pathogenic microorganisms. 

Formaldehyde 

Formaldehyde is a gas. sold commercially 
in a 40 per cent solution (37 per cent by 
weight) with water under the name of 
formalin. For spraying it is used in a 10 
per cent solution of formalin (that is, a 
4 per cent solution of formaldehyde). 
It may also be purchased as a powder 
known as paraformaldehyde (paraform. 
triformal). When heated tliis powder 
liberates formaldehyde gas, and if used in 
proper portions may be substituted for 
formalin as a source of the gas. Manufac- 
turer’s directions on amounts to use for 
cadi type of equipment and die means of 
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liberating the gat must be caretully oh- 
served (see Fig. 5.10). 

Though a powerful disinfectant 
aldehyde has many disadvantage . 
pecially its volatility, 

Lstic action, and tendency to 
skin -properties which make it 
able to apply. Its chief “tivantages me^^ 
follows: (I) it can be used as a gas or 
for fumigation of incubators o 
rooms; (2) it is reladvely , ° 

animals and fowls; (3) it is an e ci 
infectant in the presence of organic 
ter; and (4) it does not injure utemiU ^ 
spraying equipment with which i 
in contact. , • » fr.nn 

Its use on the turkey f 
it limited to disinfection of 
ment, incubators, water and feed con 

tainers, and occasionally - during ^ 
breaks - fumigation of by 

utensils that are difficult to 
other means. Fumigation of broo . .. 

with formaldehyde is, as a rule, ? . 
deal because of the difficulty m making 

0 / 

rooms, and holding rooms ts a P ^ 
procedure. Most mcubalc, “/"f 

have recommendations for be 

machine: and their direet.ons should 

iollowed. T-i.rkev Im- 

The National Poultry and Turk y 
provement Plans (1963) descri * 

the official recommendations 

sanitation including incubator “ , 

When fumigating a room or an i J 
one must have the space air‘ig>t “ 
room temperature and humidi y 
possible. For most efficient disinf 
incubators, Bushnell and 
recommend a wet-bulb thermom 
ing of 85- to 95- F. ** of 

certain in rooms having a of 

less than 70° and a relative humidity « 

less than 70 per cent. ,,berated from 

Formaldehyde gas may be 
formalin-soaked cheesecloth oy 
nique described by a the in- 

(1933). When this method is use 


abator must 

''Tco“ach^00 cubic feet of incubator 
“^e A s«ie, of saturated cloths w.Ur 
space. A series formalin 

ai mixinc formalin (^tr P 

° ro 6 ounce) of potassium permanga 
to? eaT 00 cubic feet of incubator 
nate for eacn i an earthen- 

enamdware vessel having a volume 
svare or enameiw amount of material 

°'id°“ The v'e Slhtld be placed above 

i::;fcrs?dS?rat-,eas.lO^ 

'^'„rnt te genStlng and in- 
chine. " ,v,.oulh the intake parts 

wi ol machines is obtainable 
„„m the manuiacturers.^^^^ (««) 

usinf irom two to three 
recommend using f potassium 

."r nd Calin between 


times the n°mial between 

permanganate anu 

hatches when nmP ‘ j. a 5.10 illus- 
muted in an °„ung paratormalde. 

.mie, one method of heatin^^^^^ ^ 

hyde powder , [j he equipped with 

This electric pan h 

a ihetmostat an incubator or 

controlled irom outside 

fumigation chamber mcccs.tully 

Formaldehyde ca b I„k„ 

1194?) and Insko (1940) ™n 
al. (ly^W . Juring the first three 
against fumigation embryos 

dlys of incubation formaldehyde, 

are ■l''n.'”“‘ fomaldeb, de destroys or 

Fumigation with organisms m 

attenuates * „of„ithin the effi nor 

the incubator. hatching chick or 

tuthin die tody therefore, is m 

poult. Its principal us 



eroling formaldehyde ga 
from poro formaldehyde 
(Vineland Poultry labora 
torie» photo.) 
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disinlecting incubators b™®" . “ 

and, in some instances, during the ear y 
stages of a hatch. Before fumigation of 
incubators during the hatching P'"™- “I 
rice shouid be sought from one famto 
with the procedure to determine the 
sible need and methods. In 
gallon 0 / halching chicks or ponlts u riot 
recommended. Preincubation fumigation 
of hatching eggs as an aid in prevenjn 
of salmonellosis is described by Stover 

(1960). The method used by him is esK - 
tially that used for incubator fumiga i - 
The use of formaldehyde, as '«e'l 
other gaseous sterilization tec oiqu , 
discussed in detail by Phillips (1957) oni 
by GlieVt et el. (1961). A method, reterr^ 
to by them, which is used tor 
nation of large enclosed areas, ““ 
adapted for use by the poultry tndustiy. 
especially for use in ventilating sys 
large broiler-producing plants. ^ 
of liberation of formaldehyde gas y , 

In this system, commercial grade formawe 
hyde solution (37 per cent) wu P , 
cent methanol (5 parts 37 per cen 
dehyde, and S parts methyl alcoho “d 
justM to pH 5.0) is liberated into the spa 
by a steam ejecror. One ml. of formal^ 
hyde solution is disseminated or 
cubic foot of air flow for 30 ’’ 

if the air flow is 600 c.f.m., then ( . 

SO) 18,000 ml. of formaldehyde sol 
will be disseminated in 30 minutes, 
temperature of the space to be P 

nated must be maintained at above 
and the relative humidity above 1^ 

cent. Proper temperature and 

may be assured by allowing the 
ejector to operate for a feiv minutes 
adding the formaldehyde . 1 . 

purpose of adding methanol to e 
dehyde is to reduce deposits of po ym 
interior surfaces of the treated 
Por smaller space areas such a^ “ 
small rooms, and incubators, P - ^ 
vaporizer such as the Hydro-mist ' 

Model H, shown in Kg- 5.11 may 1« 


to disperse the formaldehyde gas. This 
and other types commonly used lor decon- 
umination of air filtration systems are de- 
scribed by Decker et al. (1962). 


^'&fotide is a colorless gas at 
ordina'ry temperatures, If^'^S 
at 10 . 8 ® C. and freeang at 
liquid is miscible with water and all or- 

s;, 

'' u'orobably has limited use on pouluy 

pensing under si ghl over 

however, have 7. shown to 

formaldehyde gas poultry patho- 

SV^)shwedtba^ 

uacheitis, fowl port, mtcctio 

and Newcastle disease penetration 

s'p. through the shells of 

'^hepeneua.lngpropjUm^ 

and Cor thn reason t m ghl P 

tor ,«="'‘“"S„iit”o'rmaldeh,de, ethylene 

equipment. Unlike mr i 

oxide ^ IS X ' , 0957) states .hat the 
humidiues. ^ Jige sterilization 

advantages of ettiyien or mex- 

ate not m the 'Pf ;eaimLt, but rather 

KXT. hat many types of ma.e,i.ls«|. 

-THJiechniqoc lor “““a “mi 

land. 
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be sterilized with the least damage to the 
material. For a complete review on this 
method of disinfection die reader i$ re- 
ferred to riiillips' report. 

Deta-Propiolaclons (BPl) 

Beta-propiolactone (ilFL) is a nev\comcr 
in the field of vajwr disinfectants {Hoff- 
man and Warshowsky, 1938; and Click el 
at., 19fll). DPL more nearly resembles 
formaldehyde than it docs ethylene oxide 
in its germicidal propcnics. According to 
Ilulfinnn and Warshovtsky, it possesses a 
number of advantages over formaldehyde 
as a gaseous sterilant, csirccially with rc- 
s{>cct to inacased antimmobial activity 
and Icvscncd persistency. It docs not |x>ly- 
merire readily on surfaces so leaves little or 
no tesidue. In a licjuid state it is more 
toxic than fonnaldchydc and care must be 
taken to avoid contact with the skin. 

Vaporizers suitable for dissemination of 
formaldehyde are suiubic for BPL {Fig. 
5.11). One gallon of lactone is vaporized 
for each 12.000 cubic feet of space (Spiner 
and Ilotiman. 1960). 


It acts more rapidly, but can be used 
under Uie same conditions as formalde- 
hyde. Rooms do not need to be hermeti- 
cally sealed but doors and windows should 
be closed. After a hold period of 2-3 
hours, doors and windows may be opened 
and forced ventilation applied. It is neces- 
sary to enter a room or building only with 
protective clothing and respiratory protec- 
tion until proper airing of 2-3 hours has 
been allowed. 

Copper Sulfate (Btuestone) 

Although copper sulfate and other salts 
of copper have a marked toxic ciTcct upon 
some of the lower forms of life, they are 
not considered good general disinfectants. 
Copper sulfate is effective against algae 
and certain fungi and may prove of sonic 
value in outbreaks of fungus diseases. Cop 
per sulfate of a greater concentration than 
I part in 500 of water may be toxic when 
given as the only source of drinking water. 
Turkeys do not like copper sulfate solu- 
tions of any concentration and will seek 
oUicr water sujiplics if they arc available. 



Ch<,pur5: PRINOTIES Of DISEASE PMV£NT/ON 137 


A 1-2 000 concentration o£ copper sulfate 
in drinking water wiil be consumrf read- 
ily, if no other drinking water is 
A 0.5 per cent solution may be of value 
for disinfecting feed hoppers, foj^, 

tains, and areas around these i g 
disease outbreaks. 

Mercuric Chloride (Bichloride of 
Mercury, Corrosive Sublimate) 

Although a powerful ““v 

curie chloride is limited 
its cost, toxicity, and marked cor 

lion on metals, ft is eommonly used m 

1:1,000 dilution with svater. 
value is markedly lowered by t le p 
of organic matter and because it has OT 
tain other undesirable properties. 
be recommended for disinfection 
or houses. 


utensils that can be thoroughly cleaned 
Sm being exposed. The 
most poultry houses prevents efficient du 
inlecthin by the sun. A cement platform 
My exposed to the sun makes a convem- 
ent plat^or treating movable equipment. 
H nfoperly constructed with a dram, such 

aPCcanbeutilitedasawashing 

-types of geMcida. 
(ulLaviolet) lamps now being advertised 
Tr .,<f. on the poultry farm and m tne 
hatchery, but there is not enough sci=«.6c 
evidence available to warrant a recom^ 
mendation lot their gehe” “ ' j yjy 

(1960). 


Quolettiory Ammonium Compounds 
Within the past lew years “"I*, 
licity has been given to the i 
value of quaternary “TTproducti 
There are a number of these P .. 
now on the market, and they are g 
considered to be good disinfecia 
according to directions. They a 
clear, odorless, nonirritating to 
good deodorants, and have a 
tergent action. These compo 
recommended especially for disjn e 
eggs and for general use aroun e 
cr;. It is impottant to rememb^ 
quaternary ammonium compoun 
not be used in soapy solutions. 
important that all surfaces to ^ 

fected be thoroughly rinsed wi . .g, 

remove any residue of soap or ani ^ 

tergent before using a "quat on 

ing purposes. An excellent re ct 
quaternary ammonium compoun 

rence (1957). 

Sunlight and Ultraviolet Radiation 

_ viva, best disin* 
The sun’s direct rays are t mate- 

fectant known. Since, layers 

rial to be treated must be 
and exposed to the direct rays, 
of disinfection is limited to ya 


without ih'/f ‘"W generating 
tergents J ^ water and steam 

S?y"S“To'"be disinfected (see 
Fig. 5.8). 

"'^"'reat.in.heto^ 

cording to ins commonly 

cantaqjo (19 5^ *^f:,f”ot highly e ; 
used on poultry disinfection. All 

fiefent as a ° Ue am ■'aa- 

methods involving direct ] 

serous fire ...ms construction of 

Central heating ™ heat, and 

poultry houses to util t and 

Shoe rombined with a r con „£ 

n^r humidity ” csearch. Ag- 

SStodern po"''? ““’arc currently doing 

mM“r«'l* on .Sf 



138 WILLIAM R. HINSHAW 

veloped will have a marked effect on fu- 
ture sanitation recommendations. The 
reader is urged to keep abreast with such 
developments in order to be in a position 
to make use of them in disease prevention 
programs. 

DI51NFESTANTS 

Disinfestants, sometimes called parasiti- 
cides, destroy animal parasites such as lice, 
mites, ticks, and fleas. Their use is recom- 
mended only as an adjunct to a properly 
conducted sanitary control program. Many 
disinfectants are also destructive to Hce, 
mites, and other similar parasites, provided 
they come in contact with the parasite. 
Many, however, are useless as disinfestants. 

The possible hazards to man and other 
animals from use of many of the modern 
pesticides must always be remembered 
when considering their use. A recent re- 
view reference on this subject is Rogoff 
(1961). 

Crude Oil, Oisllllotes, and Similar 
Cheap Oils 

Petroleum oils are excellent and cheap 
agents tor the destruction of lice, mites, 
and ticks but have been largely replaced 
by the elTicient and easier to apply, more 
recently developed insecticides (DDT. 
lindane, malathion, etc.). 

Bullis and Van Roekel (19f4) have re- 
ported that exposure of chicks to the 
fumes of coal-tar creosote oil, anthracene 
oil, and certain mite paints too soon after 
use in a brooder house may cause anasarca 
(ascites, watery belly). 

Nicotina Sulfate 

A 40 per cent solution of nicotine sul- 
fate, such as is sold under the trade name 
of Dlack Leaf 40, once in general use for 
controlling lice, has been largely replaced 
by newer ]>csticidcs. Its action depends on 
a volatile substance that penetrates the 
feathen of the birds when it is palmed 
on tlic perches just before they go to roosL 
The method is not well adapted to conitol 
of lice on turkc)$ under rearing conditions 


where the perches are usually placed out 
of doors. 

Sodium Fluoride 

This, either as a dust or as a dip, is ef- 
fective for ridding birds of lice. The dust- 
ing method is probably the most desirable. 
It consuls of rubbing a pinch or two of 
the powder into the parts most often in- 
fested with lice (on the tail, under the 
wings, on the neck and head, and on the 
breast). As in the case of nicotine sulfate, 
it has been largely replaced by newer pesti- 
cides. 

DDT (Dichloro-diphenyl-trichloroethane) 

Certain precautions must be given in 
the use of this much-publicized insecticide- 
In areas where DDT has been used ex- 
tensively in fly control, resistant strains of 
flies have developed to such an extent as 
to render DDT almost valueless for their 
control. Because of widespread develop- 
ment of DDT-resistant species of all in- 
sects. it has been largely replaced by more 
recently developed insecticides discussed 
below. The hazards in its use have also 
been proved to be greater than originally 
thought. When DDT is used on farms, 
wettable powders are probably the most 
usable type. DDT is effective against mos- 
quitos, the fowl tick, and the black fly 
(Simulium), provided susceptible strains 
exist, but is no more effective against lice 
than sodium fluoride. 

Malathion (O, O-dimethyl 
dhhiophosphale of diethyl 

mercaptosuccinaie) 

This drug is effective against lice, mites, 
and flies, and may be used as a spray in a 
0.5 per cent emulsion or as dust when 
applicable. The U.S. Food and Drug 
Administration has accepted it for direct 
application as dust and has set a residue 
tolerance of 4 parts per million as the 
amount which can be safely found in meat. 
They require a zero tolerance in eggs. 
Fuiman and Coates (1957) found it ef- 
fecure against the Northern fowl mite 
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FIG. S.12 — Use of Burdizzo forceps in kill* 
ing a turkey. When brought into a dosed 
position carefully the jaws separate the 
vertebrae and sever the spinal cord and 
jugular vein without breoking the skirt. 
(Hinshaw, Univ. of Colif.) 



shedding of blood and (hus prevent the 
spread of infections that are present in 
the blood stream. A convenient tool for 
the purpose is a Burdizzo forceps Hke that 
used for castrating calves (Fig. 5 12). 
Another means of killing birds for neaopsy 
is by electrocution. 

4. Burn or bury dead birds. If buried, 
they should be placed deep enough to in- 
sure their not being dug up by dogs or 
other animals. See section on Disinfection 
for recommendations on disposal of drop- 
pings, and use of litter for disinfection pro 
cedures. 

A disposal pit such as is illustrated in 
Fig. 5.13 is superior to incineration as 
conducted on most poultry farms and by 
hatcheries. Such pits are easily and cheaply 
constructed and are efficient. The roof of 
such pits and especially the "manhole" 
covering must be airtight to prevent escape 
of odors and avoid the attraction of flies. 
Periodic spraying of the roof of the pit 
with an insecticide is suggested. Open dis- 
posal pits are not recommended. 

An electrically heated septic tank for 
disposal of dead birds and waste products 
on large poultry farms and processii^ 
plants has been developed by U.S.DA, 
A.R.S., in cooperation with the Maine and 
Connecticut Agricultural Experiment Sta- 
tions (Agriculture Research 5(9): 14. Mar., 
1957). The method consists of digestii^ 


the carcasses and/or waste products in a 
heated septic tank. A 500 gallon tank will 
meet the needs of a 10,000 to 20,000 broiler 
farm. Heat is applied at 100* F. and re- 
quires 2 to 3 kilowatt hours of electricity 
per day to maintain this daily temperature 



FIG. 5.13 — Poultry disposol pit. Such a pit con 
b« made any size that is convenient, and I* 
valuable for disposal of hotchery wastes os well 
os carcasses. (Hinshaw, Univ. of Colif.) 
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tor a,= two rvceks needed for 

of all but the bones of carcasses. The ^s 

tent depends on mesophil.c bactcr.a tvlncli 

multiply best at 90» to lOO" F. to acre crate 

decomposition. Neutralizing t ic 

internals with lime and adding 

further accelerates die action and speed ot 

n°Thfrghly clean and disfnfea all 
houses and equipment. If the , 

birds are in yards, these should be cleaned 
of .111 refuse to allow the sun to aid in 

‘‘t“e;^?Krbefo,e.U,ebir,ha. 
all times! The water containers should 
be thoroughly washed and disinfect^ 
least once daily. If medicated water « 
necessary, it is essential that , . 

are specific lor the disease are 
that they are not distasteful to 
Birds do have the ability to taste ai^d wi 1 
seek other sourees or go without 
it is distasteful, ft is also essentia to ha« 
enough waterers available so 
birds do not have to walk more 
10 feet to get a drink. U 
cators are installed in watering 
that depend on gravity for 
birds, it is necessary that the el 
great enough to insure delivery P ^ 
mixtures to all the fountains- 
pools or irrigation ditclies s o 
fenced off so the birds cannot u 
from them. , • ^ii 

7. Clean and disinfect thorough y 



feed hoppers daily- i a fp. 

8 Thoroughly inspect the food to d^ 

seline dte loslible F~ . “3^ 
fi^h or meat scraps, spoiled milk, moiay 
“in l^tanuus weed! or other sources 
of possible trouble. -j 

9 Avoid sudden changes of feed, 
the Iced is the cause of the trouble, a nmv 
diet is warranted; but any changes should 
L made by gradually increasing the new 

The convalescent stage of any 

"Tikt^e'frSTfeeda^dltrt 

AorrSite, Getting diem to eat 

'“‘■“^Iravi^iiBc^irtaS'urt 

=rSSr.”S£k 

m feX "Sueu convalescing bird, 

Imiiy to feeders, and/or drink 

can be ‘S.e ‘ n or'house by 

b, fteque" "tm 1° ,ook 

kSsSSS 

sOd ^at least small quanttties. 


^ , s I, Is essenliol *o 

try Mogai"’®-' 



142 


WlUfAM R. HINSHAW 


Anderson, R. J.: 1961. Cresylic duinfecunu penaiued for use in official disinfection. Re- 
vised list July 1961. U.S D A., Anim. Dis. Eiad. Di». Memo 510.10. 

Bullis, K. L., Snoeyenbos. G. H., and Van Rodd. H.: 1950. A lieratoconjun«ivili& in chickens. 
Poultry Sd. 29:386. 

. and Van Roekel, H.: 1944. Uncommon pathological conditions in chickens and turkeys. 

Cornell Vet. 34:312. 

Bushnell, L. D.. and Payne, L. F.: 1931. Dissemination of pullorum disease in the incubator. 
Kans. Agr. Exper. Sta . Tech. Bui. 29. 

Card, L. E.i 1961, Poultry Ftoducuon. Sth ed. Lea and Febiger, Philadelphia, 409 pages. 

Decker. H. M.. Buchanan. L. M., Hall, L. B . and Goddard, K. R.: 1962, Air filtration of micro- 
bial particles. UA. Pub. Health Service Publ. No. 953:1. 

Forgacs, J.. Koch, H, Carll, W. T., and Whiie-Stevens. R. H.: 1962. Mycotoxicoses. I. Rela- 
tionship of toxic fungi to moldy-feed toxicosis in poultry. Avian Dis. 6:363. 

Furman, D. P., and Coates, IV. Su 1957. Northern fowl mite control with malathion. Poultry 
Sd. 36.252. . 

Glick, C. A , Gremillion. G, G , and Bodmer, G. A.: 1961. Practical methods and problems cd 
steam and chemical sterilization. Proc. Animal Care Panel 11:37. 

Graham, R.. and Michael. V. M.: 1953. Incubator hygiene in the control of pullorum disease. 
III. Agr. Exper Sta . C»r. 403. 

Hadfield, AV. A.: 1957 Chlorine and chlorine compounds. Chapter 23 in Reddish, G. F.. Anti- 
septics, Disinfectants, Fungicides, and Stenhtaiion. 2nd ed . X,ea and Febiger, Philadelphia. 

Haenni, E. Q , Adens. W A.. Lento. H. G, Veoraans, A. K , and Fulton, R. A.: 1959. New 
nonfiammable formulations for sterilizing sensitive materials. Indust. & Eng. Chein. 51:685 

HoSman, R. K., and Warshonsky, B.: 1958. Beia-propiolactone vapor as a disinlectanc. Applied 
Microbiol. 6:358. 

Insko, W. M . Jr.: 1949. Physical conditions in incubation. Chapter 6 in Taylor, L. W., Fer- 
iility and Hatchabiluy of Chicken and Turkey Eggs. John IViiey and Sons, Ine., Net/ York. 

- , Steele, D G., and Hinton. C M.: 1941. Effect of formaldehyde fumigation on the mor- 
tality of chick embryos. Ky. Apr. Exper. Sta., Bui 416:117 

Jungherr. E.: 1950. Studies on sanitising used feed ba^ Jour. Am. Vet. Med. Assn. 117:324. 

Kennard. D. C.. 1950 Floor litter management as a faaor m poultry nutrition. World's Poultry 
SCI. Jour 6 177 r ; 

— . and Chamberlin, V. D: 1950 Mortality of chicks as affected by floor litter. World's 
Poultry Sci. Jour. 6-183 

Klarmann, E. G , and Weight. E S.: 1957. Phenolic compounds. Chapter 22 in Reddish, 0. F.. 
Antiseptics, Disinfecianu. Fungicides, and Sieriluation. 2nd ed.. Lea and Febiger, Phila- 
delphia 

Lawrence, C A , 1957. Quaternary ammonium compounds. Chapter 24 in Reddish, G. F., An- 
tiseptics, Disinfectants, Fungicides, and Steiihzacion. 2nd ed . Lea and Febiger, Philadelphia. 

Lorenz. F. W.. Start, P. D., and Bouthilet, R.: 1950. Fumigation of shell eggs with ethylene 
oxide. Poultry Sa 29 515. ® 

Maisden. S. J, and Martin, J. H ; 1955. Turkey Management 6th ed., The Interstate Co. 
Danville. Ill 999 pages 

Mathews, J., and Hofstad, M S.. 1953 The inactivation of certain animal viruses by ethylene 
oxide (Carboxide). Cornell Vet. 43.452 

Moore, E N and Chamberlin. V. D : 1953 Compost Inter Nulaid News SlfSept ):18. 

^ Iraprovement Plans 1963. Subpart D—Sanilation procedures. 


U.SDA. Misc. Publ. 739 35. 

Philhps. C. 1957 Gasews sterilization. Chapter 30 m Reddish, C. F.. Antiseptics. Disin- 
2nd ed. Lea and Febiger, Philadelphia. 


fcctanu. Fungicides, and $teriliza..v... tjiu eu. s.ea ana retnger i-niiaaelpnia. 

disinfectants. Ann. Rev.’ Microbiol. 12.525. 
Phillips, G. D, and Hanel, E- 1960 Use of ultraviolet radiation in microbiological laboratories. 
1960 P 1^°* Congress, P. B. 147 043. Luted in US Govt. Res ReporU, 34(2). Aug. 19, 

Reddish, C. T (editor) 1957. AitOseptus. DistnfecUnu. Fungicides and Sterilization. 2nd. ed , 
Lea and Febiger, Philadelphia. 975 pages. 

Rogoff. W. M.: 196L Chemical contrrt of insect pests of domestic animals In Advances in Pest 
Control Research. InterscieiKc Pubhsheis. Inc New York 415$ 

Schley, D. G.. Hoffman. R. K.. and PhiUips. C. R.- i960. Simple improvised chambers for gas 
sterilization with ethylene oxide. Applied Microbiol 8 IS 
S.lv.r. J, Croacl., W E. .nd IMu, M. C . 19«. lUl pra,l,„g balld.„E, ,„d pitmlra. UE.D I. 

Conservation Bui. 19. « o 6 “ t-* 

Spiner, D. R., and Hoffman, R K: 19M. Method for disinfecting large enclosures with B 
propiolactone vapor. Appl. Microbiol. 8:152 ^ 



chapter 5: PRINCtPUS Of OJSEASE PREVENTiON 143 

SuC&eih, H. J., and Camargo. F.: 1935. On the diainfecuon of poultry housca by means o( fireguns. 

Jour. Am. Vet. Med. Aasn. 65:162. 

Siorer, T, I.; 1960. Controlling rats and mice. Calif Agr. Exper. Sia, Ext Leaflet 127. 

, and Mann. M. P.: 19^16. Bibliography of Rodent Control. OSRD, Commutee on 

Med. Res., NRC Insect Control Comm. R^. I82'321 + 57 pp N'ational Res. Counal, 
5Vashing{on, D.C. 

Stover, O. £.: lOCO. Fumigation of hatching eggs, Cabf. Dept. Agr. Bui. 49. SO 
Van Es. U, and Olney, J. F.: 1934. Diseases of poultry — their nature and control. Nebr. Agr 
Exper. SU., Bui. 290. 

Wright, G. 5V., and Frank, J. F.: 1957. Ocular lesions in chickens caused by ammonia fumes. 
Canad. Jour. Comp. Med. 21:225. 

Vushok, W., and Bear, f. E.: 1944. Poultry manure, its preservation, deoclonration and disinfec- 
tion, N.J. Agr. Exper. Sta.. Bui. 707. 



L. C. NORRIS 

Department of Poultry Husbandry, University of California, 
Davis, California 
and 

M. L. SCOTT 

Department of Poultry Husbandry, Cornell University, 
Ithaca, New York 


6 


Proteins, Carbohydrates, Fats, Fiber, 
Minerals, and Water in Poultry F eeding 


In order to maintain poultry in good 
physical condition and to obtain normal 
growth, egg production, and hatchabiUty, 
rations must be fed that are adequate in 
all nutritive essentials. Whenever a serious 
deficiency of any one of these essential 
substances occurs, symptoms of deficiency 
develop which in some instances are 
characteristic. These are frequently pre- 
ceded and accompanied by nonspecific 
symptoms such as retarded, uneven 
growth; rough feather development; de- 
creased egg production; and lowered hatch- 
ability. when the deficiency is only a 
partial one, these may be the only symp- 
toms which are observed. This makes it 
difficult to recognize the partial deficiency 
since the nonspecific symptoms may be 
brought about by a number of causes, in- 
cluding disease. A good background in 
the nutrition of poultry, therefore, is 
necessary for all persons interested in 
poultry feeding, management, sanitation, 
and disease. 

The nutritive substances of smponanoe 


in the nutrition of poultry are (1) proteins 
and amino acids. (2) carbohydrates. (9) 
fats, (4) minerals, (5) vitamins, known 
and unknown, and (6) water. The dis- 
cussions in this chapter include all of the 
groups of nutritive substances except the 
vitamins, which are discussed in Chapter 7. 

THE PROTEINS AND AMINO ACIDS 

The proteins are needed by poultry for 
the synthesis of new body tissue required 
in growth, to replace body proteins broken 
down in maintenance, and to furnish the 
proteins required for egg formation. 

Composition of proteins. Proteins are 
complex substances composed of amino 
aads linked together in chemical combi- 
nation. The amino acids consist of carbon, 
hydrogen, oxygen, nitrogen, and in two 
instancy sulfur. Approximately twenty 
different amino acids have been isolated 
from proteins. The number of amino acids 
in each protein as well as the percentage 
of each is characteristic. Because of this 
a great many proteins are possible, and 
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many exist in nature. Every leedstuli con- 
tains a number oE dillercnt protems- 
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TABLE i.l 

Protein Requirements op CBicRENSAND’ninKEW Expressed As Energy- Protein Ratios 



Protein ReciuirenieDt at klcdiuin | 

Approximate 


and High Energy Levels j 

Energy-Protein Ratio 



950-1.020 PE 

1 

Metabolizable 


. 1,240-1,340 MEt 

1,420-1,520 ME 

Productive I 

Chicks 

1 20 

i 23 

i 42-^3} 1 

1 63-651 



21 

47-48 



16 

19 

53-54 1 


32-20 weelu. . . 

15 

17 



Hens (high production) . 

15 

17 

57-58 ; 

84-86 

5 lb. and over 

14 1 

16 

61-«2 1 


Poults 


32 

30-31 

45-47 


24 

27 

36-37 



20 

23 

42-43 



18 

20 

48-49 



16 

18 

53-54 


24 weeks 

13 

« 

65-d6 1 

97-97 

Turkey breeders 

15 

17 

57-58 

84-86 


* Kilocalonei productiv« 6n«rgy per pouod. 

I KiloCftloriea metabolizable energy per pound. 

} Kilocalories energy per pound ^vided by percentage protein in the diet 


warm environment, less heat is re<}uired 
to maintain body temperature than in a 
cold environment, This makes possible 
a somewhat narrower energy-protein ratio. 
When exercise is severely restricted, as 
when hens are conhned to individual cages, 
the energy requirement is reduced, and a 
somewhat narrower energy-protein ratio 
i% desirable in order to prevent the hem 
from becoming too fat. If the energy-pro- 
tein ratio is too wide, too much fat may 
be deposited in the tissues in poultry fed 
for market, the carcass quality is reduced, 
and feed conversion is decreased. Thus 
the estimated energy-protein ratios in 
Table 6.1 not only may change with the 
future development of more precise in- 
formation on the needs of poultry for pro- 
tein, but also may change with the factors 
knotvn to affect the protein requirement. 
The energy-protein ratios given in Table 
6.1 are presented here both as metaboliz- 
able energy-protein ratios and as produc- 
tive energy-protein ratios. Metabolizable 


enci:gy (NfE) is the energy remaining after 
subtracting from the gross food energy, as 
determined by combustion in a bomb 
calorimeter, the energy losses simtlarily 
determined from the undigested residues 
of food and substances secreted into the 
gut, and the incompletely oxidized prod- 
ucts of the urine. Productive energy (PE) 
vs that portion of the metaboUiabU energy 
which is available for the formation of 
protein and fat in the growing chicken and 
in eggs. It represents approximately 70 per 
cent of the metabolizable energy. The re- 
mainder is lost largely through the pro- 
duction of heat arising from the chemical 
reactions occurring in metabolism as a 
consequence of normal body activities and 
the maintenance of body temperature. 

Fraps (1946) presented the results of 
an exhaustive study of the productive 
energy content of poultry feedstufis, and 
Hill et al. (1960), Hill and Renner (i960). 
Potter and Matterson (I960), Sibbold and 
Slinger (1962), and Stutz and Matterson 
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(1962) reported values f"-- *= ““““e 
able energy content o£ m V . 

materials Hill and Anderson ^ 

Potter el al. (1960) 1 ^ 

olitable energy values 

determined more precisely, energy 

more accurate than the ^ 

values determined by Fraps (1 
The variation in the 
ment of the chick with age is ‘ 

lact that in P"".* ^e^omation oI 
the diet is required for the . , 

new body tissue and little isjeq 
maintenance. Because 01 tissue 

growth the formation of new y 

by chick, is greatest during the first ^ 
weeks alter hatching. Thereaite 
ally declines and becomes zero ^ ^gfore 

aiuins maturity. More dur* 

required during early chick . ^ of 

ing the period preceding cessation 

®'°^tdiet ot the chick, 

not need to contain 20 P®*" ^ hatching. 

longer than the first 4 weeks 

Thereaiter, the protein conten ^ 

diet, according to .'J^^J^'intcrvalt 

reduced b, 2 per cent at d^week ^ 
but should not be decrease ^od ol 

cent for pullets during die growth 

growth. At this time, “llv Winn 

rate is slow, egg P'‘»>“"‘’" “"„leto The 
which increases the need chick- 

protein requirement of n Y „ |.| 

Sns. howeNcr, probably dfclmcs m ^ ' 

I>cr cent before growth Jina y ^{^kens 

Since die heavier brec^ Leg- 

grow somewhat faster „ should 

horns, their protein during 

be somewhat greater, par result* 

»hc earlier suges ot in .Australia 

of an iiucsiigation carried chick* of 

(Anonymous, 1935) 

Light Sussex and Australorj . ^don 

better -.ins shhen a high protein 


Sussex and Australorp 
-..w. gains when a high I’ . white 
as fed to 9 week* of d,c pro- 
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using rations that were more adequate 
nutritionally, found that the protein re* 
quireraent for turkey poults for maximum 
growth is approximately 28 per cent of 
the ration. The rations fed tlie turkey 
poults in these investigations were of 
medium energy content. 

The protein requirement of poults de- 
clines with decreased rate of growth in a 
manner similar to that of chicks. At me- 
dium energy levels the protein content of 
the diet may be lowered to Zi per cent 
at 4 weeks of age, 20 per cent at 8 weeks of 
age, 18 per cent at 12 weeks of age, and 16 
per cent at 16 weeks of age until maturity 
is reached. 

In an investigation of the protein re- 
quirement of turkey breeders, Jensen and 
McGinnis (1961) concluded from the re- 
sults of three experiments that a ration 
containing 15 per cent protein would be 
adequate under most conditions. In the 
third experiment, however, results believed 
to be satisfactory were obtained with 10 
per cent protein, although slightly better 
egg weight and hatchability of fertile eggs 
Occurred at 12 per cent protein and maxi- 
mum egg production was attained at 14 
per cent protein. 


The protein requirement of ducks has 
not been completely worked out. Horton 
(1932) observed that ducklings grew at a 
much faster rate when fed a ration con- 
taining 19 per cent protein than when fed 
one containing 12 per cenL Hamlyn et cl. 
(1934) obtained somewhat better growth 
in ducklings at 4 weeks of age when rations 
were fed containing approximately 20 per 
cent rather than 17.5 per cent protein. 

More recently Scott and Heuser (1951) 
reported better early growth in ducklings 
supplied rations containing 17 to 19 per 
cent instead of 15 per cent protein. The 
diifcrence in favor of the higher protein 
rations, however, disappeared by the time 
the ducklings reached 8 weeks of age. 
The results of additional experimental 
work conducted by Scott ef al. (1959) indi- 
cate that the ducklings fed the lower pro- 
tein ration to market age were of higher 
fat and lower protein content than the 
ducklings receiving the higher protein ra- 
tions. 

The protein requirement of starling and 
growing ducklings, given in the National 
Academy o! Sciences-Naiional Research 
Council (NAS-NRC) "Nutrient Require- 
ments for Poultry" (1960b), is 17 per cent. 


TABLE 6.2 

QUAH-nTATtVB NuTMSWT Re(iVIIlBUeNT»Oi’CKICK£NSFOil'{‘KOTEU<, EnERQV, AHO MurtRALS* 



Starting 

Chickeru 

0-S wks 

1 Growing 

Chickens 
8-18 wks 

Laying 

j Hens 

' Breeding 

Hens 

Total procein, per cent . 

20 




Metabolizable energy, kcal/lb. . , 

1,280 



1,280 

Productive energy, kcal/lb. 

860 

860 


860 

Calcium, per cent . . 

1 0 

1 0 , 

3.75 

2.75 

Phosphorus, per centf 

0 6 



0.6 

Sodvom, per cent 

0 15 



0.15 

Potassium, per cent . . 

0 2 




Magnesium, mg/ib. . | 

220 0 1 


? 

? 

Manganese, mg/Jb. , 

25 0 1 


, 


Iodine, ms/lb - - 1 

0 5 



0 5 

Iron, mg/lb 





Copper, mg/lb 

0 9 

3 



Zinc, mg/lb 


* 

• ? 



• Obtained in part from NAS-NRC "NuCrunc I^airemen(s for Poulto 

t At least 0.4S per cent of the total feed of starting chicteii* should b* inorganic phosphorus. Appre 
30 per cent of the phosphorus of plant sources may be conadered a part of the.inQrgamc phosphorus. 
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TABLE6J . 

vna Protein. Energy, and Minerals 

QlJANTrrATIVE'NUTRJENT REQUIREUENTS OF 


Total protein, per cent . . 
Metabolizable energy, Vcal/lb.. . 
Productive energy, kcal/lb . . • • 

Calcium, per cent 

Phosphorus, per centf 

Sodium, per cent 

Manganese, mg/lb 

Zinc, mg/lb . 


Starting 
Poults 
0-8 wks. 


1,280 


Grovnng Turkeys 


8-16 wks. 


Breeding 

Turkeys 


• Obtod ta put from NAS-NRC “ 

t At least O.S per cent of the to^ ('“iSi^le^nsidcred a part of 5ie morgamc phosphorus. 

percent ofthcphosphoruiofplaotsourcesmayijccu 

rsTEt for their sparing effect on methion me 


Ducklings given this quantity of 
may not grow as fast during ^ 
or two as those receiving 18 to 20 per 
However, they later will recover tro® «« 
slight growth retardation and weig 
miket aga a, much a, those prov.^ 
more protein at the start. For eco 
reasons the general practice at 
to feed ducklings rations containing ^ 
cent protein for the first two wee 
15 per cent from this time to ® 

These rations are usually of medium to 
high enerey content. . , . 

The quantities of protein , 

rations of medium energy co” ^TtiWcs 
chickens and turkeys are given ® . 

6.2 and 6.3. The values ««« 

the most part from the 

ent Requirements for Poultry ( , ^ 

Amino acid requirements o ^ 

Some of the amino acids found P ^ 

are essential for maintenance and growm 

of the chick and therefore must l« P^ 

in the ration in adequate 

are listed in Table 6.4. Alanme. 

acid, hydroxyproline. norleucine, p • 

and serine a!c symhesiaed in »>' “Jj, “ 

■he chiek and may be 

Cystine and tyrosine are not req 


cept tor their sparing effect on metWontae 
and phenylalanine respectively. Glycine 
and Mrhaps glutamic acid are syntliestzed 
to aTimiled extent but not in sufficient 
amounts to promote rapid growth. 

Although the dispensable ammo acids 
are not nuuitionally essential m *e 
ordinary sense, they are 
chick in building body protein. A ration 
«hid. supplies all the essential ammo 
adds in just the right prnporuons to meet 
Uie spedSc needs tor them is not ade^ate 
because it does not contain enough ammo 
add nitrogen to permit the synthesis of 
aS of the protein required tor mamte- 
nance rapid growth and egg produclton. 

Almquht (1947. 1952) discussed the avail- 
able evidence on the quantitative ammo 
acid requirements of chickens and turkeys. 
Edwar* el ol. (1956) found that the quanti- 
tative requirement of the chick for lysine 
was I I per cent of a diet containing 20.0 
ir «nt protein. Using pure ammo acid 
mUtures, Klain el el. (1960) and Greene el 
of (I960) restudied die 

add requirements of die chick. Similar 
smdies wilh laying hens, "“"S 
adds have been conducted by Jolt""" 
anffisher (1958). The ammo acd re- 
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TABLE 6.4 

Essential Amino Acm Requirements or Chiceens 
AND Turkeys • 


Amino Acid 

Starting 

Chicks 

Starting 

Poulu 

La^g 

Hens 

Arginine 

(%) 

1.2 

(7o) 

1 6 

(%) 









Methionine 

o.a 

0.87 



0 45 

0 52 

0.28 

\Cysune. . 

0 35 

0.35 


Tryptophan. 

0 2 

0 26 

0 15 

Glycine. 




Phenylalanine 

1 4 



fPhenvl alanine 

0 7 

> 

> 

\Tyrosine 


• 



1 4 

? 

1.2 


0 6 

0.84 

0 5 

Threonlae 

0 6 

? 

0 4 

Valine . 

0 8 

? 

? 

For protein level 

20 0 

23 0 

15 0 


' The date oa the amino aud re<^uirem«nts of chick* 
ena and turkey poulti were obtained Ccom (he NAS* 
NRC "Nutrient Requirements for Poultry," 1960b. 


quirements of laying hens are qualitatively 
similar to those of chicks, but the quanti* 
ties of the amino acids needed to meet their 
requirements are somewhat less than those 
of rapidly growing chicks, because of the 
lower total protein requirement. 

Information on the amino acid require- 
ments of turkey poults is incomplete. The 
results of Snetsinger et al (1%2), using 
pure amino acids, and those reviewed by 
Almquist (1952) indicate, however, that the 
amino acid requirements of poults are at 
least qualitatively similar to those of the 
chick, altliough the evidence indicates that 
the quantitative requirements may be 
sometvhat greater. This is to be expected 
in view of the more rapid growth rate and 
higher protein requirement of poults. 

The NAS-NRC (1960b) amino acid re- 
quirements of chickens and turkey poulu 
are based largely on the reports just dis- 
cussed. These values are presented in 
Table 6.4. 

The essential amino acid composition 
of the more common poultry feedstuQs is 


presented in Table 6.5. The data given in 
the table show that the amino acid compo- 
sition of the mixed proteins of feedstuffs 
is not uniform. These differences in amino 
add composition are of practical 

significance since they make it necessary 
to use several different feedstuffs in build- 
ing poultry rations in order to meet the 
amino acid requirements without undue 
wastage of protein. Attempts to meet the 
requirement for an essential amino add 
by increasing the amount of protein in the 
ration do not appear to be satisfactory. 
Grau and Kamei (1950) have shown that 
as the protein level in the chick ration is 
increased, the lysine and methionine plus 
cystine requirements are also increased, 
but at a slower rate. This indicates that 
protein in considerable excess is needed m 
order to meet a slight defidency of these 
amino acids. 

The data on amino acid content of feed- 
stuffs given in Table 6.5 make it no 
longer necessary to depend entirely upon 
the knowledge of the supplementary re- 
lationships of protein to obtain protein of 
good quality in poultry rations. The amino 
add content of the ration can now be cal- 
culaied from the data and compared with 
the requirement. By doing this, greater 
assurance is obtained that the mixed pro- 
teins in the ration are combined in such 
a way as to give a protein combination of 
optimum quality. 

Other functions of amino adds. Amino 
acids fulfil many other functions aside 
from their main one as building stones for 
the protein required in growth, mainte- 
nance, and egg production. Creatine, which 
IS physiologically essential for the func- 
tioning of muscular tissue, is synthesized 
in the body from arginine, methionine, 
and glycine. The amino add, tyrosine, is 
used in the formation of the hormone, 
thyroxine, and certain pigments in the 
feathers of colored fowl. Lysine has been 
shown to be needed in some indirect way 
for feather pigment formation in turkeys. 
Friu «f al. (1946) observed feather achroma 
in Bronze turkeys fed a corn gluten meal 
diet which was corrected by the addition of 
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lysine. The picture in Figure 6.1 shows the 
abnormal while wing feathers of Bronze 
poults caused by lysine deficiency. 

Methionine is a source of methyl groups 
for methylation processes in the body and 
either exerts a sparing effect on choline or 
takes part in the synthesis of choline when 
other necessary precursors are present in 
the ration. The amino acid, tryptophan, 
is converted into nicotinic acid in the de- 
veloping chicken embryo, according to evi- 
dence obtained by Schweigert el al. (1948). 
Briggs et al. (1946) reported that either 
tryptophan or nicotinic acid overcomes 
the growth depressing effects obtained on 
feeding chicks a low-tryptophan, low-nico- 
tinic acid diet 

Effect of heat upon protein quality. 
Experimental results have shown that 
moderate heat treatment greatly improves 
the quality of soybean proteins for poul- 
try by destroying an inhibitor which In- 
terferes with digestion. The poor quality 
of raw soybean protein was found to be 
due not to the presence of a heat-labile 
trypsin Inhibitor in the bean, but rather 


to the presence of some other factor which 
inhibits the rate of growth (Evans rt al., 
1947; Borchers et al, 1948; Borchers and 
Ackerson, 1950). The results of Hayward 
and Hafner (1941), Almquist el al. (1942), 
and Melnick et al. (1946) indicate that 
the growth inhibitor slows the rate of di- 
gestion of the amino acid methionine 
relative to the other amino acids. This 
could account for the retarded growth ob- 
tained by feeding raw soybeans, as the 
absorbed amino acids would not be in 
proper proportion for efficient protein 
synthesis. 

Prolonged heat treatment at high tem- 
peratures, on the other hand, decreases 
the quality of proteins, including those of 
soybeans. Experiments indicate that the 
amino add lysine is affected most by dras- 
tic heat treatment but that arginine, tryp 
tophan, and histidine are also affected 
(Riesen el al., 1947; Patton et al, 1948i, 
1948b). The loss of availability of these 
amino acids is largely due to combination 
with reducing sugars, but Evans and Butts 
(1948) showed that, while a portion of 
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these amino acids is completely inactivated, 
the rate of digestion of the remainder is 
slowed up so as to make them incompletely 
available during a limited digesuon 

of protein. The feedstuEfs which 
are commonly used as protein supplements 
in poultry rations at the present tune are 
soybean meal, meat scrap, and fish meal. 
Peanut meal and corn gluten meal are 
used to a limited extent but are not im- 
portant sources o£ protein Eor fee mg 
poultry. With the development of a 
method Eor detoxifying cottonseed meal 
(Boatner and Hall. 1946; Groschke et al., 
1947), it is possible to make this produc 
satisfactory for use as a source of proteim 
However, none of the vegetable P*"® ^ 
supplements except soybean meal con 
protein of approximately the same co 
position of essential amino acids 
proteins of meat scrap and fish 
chief amino acid deficiency is 
the vegetable proteins are not pat * 
adapted in general for 
Evidence indicates (Heuser et ah, mo,, 
however, that satisfactory growth 
obtained by combining corn gluten • 
cottonseed meal, and peanut me 
limited quantities with soybean mea 
with meat scrap and fish meal. 

Dried skim milk and dried butt^' 
are also excellent sources of pro ^ 
superior quality. Their protein co ' 
however, is lower tlian that of the pr 
supplements just discussed. Th^ey 
in poultry rations more for their 
of essential vitamins than for protci 
cause of relatively high cost . 

Influence of protein level u^o * 
egg production. The protein eve 
“ion M ,o chicks and gross-ng 
appears to have little eilect on the 
whidi the pullets begin to lay o 
subsequent egg production cxcep . 

is J cnoul retard 
Carter cf ol. (1952), howes^, rq» 
that a protein level ot i- P' f white 
urded Uic age of sexual ? -s, but 

Leghorn pullets from to “to ^ 
subsequent results of other vvor 


riboflavin requiremenU showed that the 
low-protein ration was greatly deficient in 
this vitamin. Later Carver et al (1939) 
reported that pullets fed rations contam- 
ine 19 per cent protein reached sexual 
maturity a few days earlier than those fed 
rations containing 13 per cent. Several 
other groups of investigators (Winter ef a/., 
1932; Morris et al, 1932; Heuser and Nor- 
ris. 1933; Byerly et al, 1933; Tepper et al. 
1939) have obtained results indicating that 
the rate o£ attaining sexual maturity is not 
influenced to any marled degree by the 
protein content ol the ration. 

Carver cl al. (1939) ted protein level, 
varying Irom 13 to 19 per cent during the 
flrl? 22 weeks alter hatching and 15.3 per 
cent ihereailer, and found during the fiw 
224 days of production that neither ^e 
OT weight nor the rate of egg production 
S inflneneed by the 
ted during the growing 
11958) also found that egg yield was not 
Sd b, die amount ^ 

growing pullets dunng the prelaying 

•^rrmein level and tealbering. Beause 
feathers are composed chiefly of protein, 

1 is obvious that poor tealhenng will re- 
sub from lack of adequate protein in to 
miomTomliave (1939) showed that when 
the protein let el in to ration was less ton 
8 percent during the first 3 weeks, ha e 
ireasts occurred in White ‘-'B''';"' 

Tets. Several other investigators 
Hid Platt. 1932; McConadue et al. 1935, 
,\ckcnonet al. 1939) reported that feather 
development improv^ as 
in the ration was increased. A !»“ “C 
relationship between die protein content 
of the raliim and feather pulling, tad plck- 
and annibalisra wa, reported by filar- 

f„m,di TKi of chicks when .lie p.o.cm 
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level o£ the ration was raised to 30 per 
cent or more. The latter observed high 
mortality at a 35 per cent level. Lloyd 
et at. (1949) found that a protein level of 
36 per cent in one experiment with tur- 
keys was apparently toxic but that ap- 
proximately 35 per cent protein gave good 
results when the ration was a high-energy, 
low-fiber type. Almquist and Asraundson 
(1944) obtained improved growth of 
chicks fed a 30 per cent protein ration. 

Uremic poisoning. Patterson (1928) sug- 
gested that nutritional gout or uremic 
poisoning in chickens, except that caused 
by vitamin A deficiency, may be due to 
the feeding of excess nitrogenous concen- 
trates. This condition, which is character- 
ized by internal deposits of sodium urate, 
particularly in the kidneys and ureters, 
has been observed also by other workers 
(Mayall, 1929; Hartwigk, 1931; Bird c( al., 
1946). Each of these workers appears to 
have a different explanation for the cause 
of this condition. 

In support of Patterson's (1928) sug- 
gestion, Schlotthauer and Bollman (1934) 
reported that they were able to produce 
gout in turkeys by increasing the protein 
level of the diet to 40 per cent by the ad- 
dition of horse meat. They were able to 
produce this effect also by the addition of 
5 per cent urea to the diet. On the other 
hand, Patton (1939) reported that hens 
are able to tolerate large single doses of 
urea. 

The injection of large amounts of gly- 
cine and of dl-alanine was found by Patton 
(1939) to be toxic when given to White 
Leghorn hens. Upon necropsy, the hens fed 
excess glycine revealed greatly enlarged 
kidneys whicli, upon histological exami- 
nation, revealed indications of incipient 
necrosis. According to Patton, the evidence 
demonstrated conclusively that the kidneys 
are the chief site of glycine toxidiy. Pat- 
ton apparently did not observe an accumu- 
lation of urates in the tubules of the kid- 
neys in this work. 

Bird et al. (1946) found that a large 
percentage of the newly hatched chicks 
from hens recuving a diet deficient in 


animal protein Consistently showed urate 
deposits in the kidneys and ureters. This 
condition was prevented by including sar- 
dine meal or cow manure in the breeding 
diet fed the hens. The preventive eSects 
of these products was probably due to 
vitamin B ]2 content. 

CARBOHYDRATES 

Carbohydrates, along with fats, provide 
the energy needed by poultry for growth, 
maintenance, and reproduction. Carbo- 
hydrates, however, play a much more im- 
portant role than fats in providing energy 
because they constitute a much larger pro- 
portion of the ration. 

The nature of carbohydrates. Sugars, 
starches, dextrins, pentosans, and cellu- 
loses are the chief members of a group of 
organic compounds which are referred to 
as carbohydrates. All carbohydrates are 
composed of carbon, hydrogen, and oxy- 
gen, the latter two elements always being 
present in the ratio of two atoms of hydro- 
gen to one atom of oxygen. 

The sugars are the structural units from 
which all carbohydrates are formed. The 
simple 6-carbon sugars are known as 
monosaccharides; the more complex sug- 
ars, such as sucrose, maltose, and lactose, 
are known as disaccharides, while the 
starches and celluloses are composed of 
many glucose molecules and are therefore 
termed polysaccharides. 

Digestion of carbohydrates. Only the 
simple sugars have sufficiently small mo- 
lecular structures to gain entrance into the 
blood stream from the intestinal system. 
Therefore, all carbohydrates must be 
broken down into their simplest constitu- 
ents before they are used in animal metabo- 
lism. The animal tissues secrete enzymes 
called amylases which split starches and 
dextrins in the lumen of the intestine into 
the disaccharide, maltose. Another enzyme, 
maltase, then breaks down maltose after 
absorption into the mucosal cells of the in- 
testine into glucose, in which form the 
carbohydrate passes into the blood stream. 
Other specific enzymes in the digestive sys- 
tem act upon the other disaccharides. 
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breaking them down into their structural 
units, the simple sugars. Following pas- 
sage into the portal vein, the simple sugars 
are carried to the liver where they me 
converted into glycogen. Then, as the^ 
mand arises in the body for energy, 
glycogen is broken down, releasing glucose 
to be carried by the blood to the site *ow. 
ing the demand. Thus glucose pertoms 
the major role in carbohydrate metabolism. 
When the glycogen stores become filled, 
the excess sugar resulting from eatbohy^ 
drate digestion is readily convene i 
fat and is stored in the various fat depots 
throughout the animal body. 

Cellulose and an accompanying com 

pound, lignin, which together ma 
the cell wall structure of ” • 

acted upon by any enzyme secreted by am- 
mstl tisLs but «n be broken down by 
certain bacteria. Unlike the ™ . 

which fosters a host of cellulose-sp g 
microorganisms within its rum ' 
chicken is almost totally unable to de„ve 
any benefit from cellulose. The 
of the digestive tract of the chicken PP^ ’ 
however, to be as efficient as those 
other animal in breaking down s ar 
dextrins, provided, of course. 
nutrients are not enveloped by ^ . 

membrane which protects diem r ^ 
action of the digestive juices.^ hue . 

dition as this appears to ewst m . 

feedstuffs such as wheat bran, 
greatly lowering the available ^ 

tent of these feeds as compared 
feeds containing equally as mu 
but having the starch and suga 
accessible to digeslion. caibohy- 

Chciuical determination i,„_.berc 

drates. Nearly 100 years uie 

and Stohmann (I860, 1 -^'rermany. 

Weende Experiment Station 
realized that in order to formulate r 
^^hich contained adequate en 
needed a chemical method carbo- 

° ■ they 


ing the indigestible portion of jf 
hldrale iraefiou. The "‘‘.tbora- 

detised is the one still used m ^ 
tories for determining tire , , gntail* 

tent of a feed. In brief, the m 


digestion of the feedstuff first 
S then in dilute alkali, followed by a 
determination oi the percentage of the 
teed remaining undissolved. 

Since pentosans and lignins which mn- 
not be digested by the chicken me slightly 
soluble in dilute acids and alkalies, this 
method does not give a true indication of 
digestibility, but it is useful because, on 
*e whole! digestibility correlates rather 
„!u as an inverse function of the crude 

fiber content of the feed material. 

In the chemical analysis of feeds, the 
Jtoh^te portion is divided into two 
croups’ crude‘s fiber representing the m- 
Sees^ble portion and nitrogen-free ex- 
the mpposedly digestible portiom 
nittogemfree extract contams the 

rails and caeal byproducts. The 
mains are universally tecogmred as 

La sources of available energypro- 
our best souiKS o 

htS'oaU L°dT!riey L^SiLmo 

m be used effectively as tl.e sole 

^?:nStb=" 

S a'f etreon- appLt^nt-'V 

"'^t“’bypt^ucu"rcsulung from the 

processing^f cereal ^ms are jn 

“"u, tmm This is due to the presence 

a'^’tSL of the outer coating of die 
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cereal grains, which are high in fiber and 
therefore low in digestibility, in practically 
all of the by-products. Fraps (1946), for 
example, has found that oat hulls contain 
no productive energy for the chick. 

Milk and milk by-products. Since the 
most important carbohydrate in feedstuffs 
is starch, most feedstufis can be evaluated 
as a source of carbohydrate by determining 
the starch content. An exception to this is 
found in the case of milk and milk by- 
products where the carbohydrate is present 
in the form of the disaccharide, lactose. 
Although the digestive system of the 
chicken contains an enzyme or enzymes 
for the splitting of lactose into its constitu- 
ent monosaccharides, glucose and galactose, 
this hydrolysis appears to progress at a 
fairly slow rate. 

Experience has shown that while small 
amounts, up to 10 per cent, of dried milk 
by-products have a definite beneficial ef- 
fect upon growth of chicks, raising the 
level of lactose in the diet too high causes 
retarded growth. This effect is quite prob- 
ably the result of two phenomena. First, 
the slow rate of hydrolysis of lactose re- 
duces the uptake of sugar by the blood 
stream and thereby reduces the supply of 
available energy for growth. In addition, 
the presence of large araounu of unhydro- 
lyzed lactose in the lower intestines and 
ceca stimulates the growth of addophilic 
microorganisms (Hull and Rettger, 1917). 
The tremendous multiplication of these 
microorganisms upsets digestion in the 
lower intestine and produces a severe diar- 
rhea which flushes out many of the nutri 
ents which might otherwise be absorbed 
from this site. 

FATS 

Fats, like carbohydrates, are composed 
of carbon, hydrogen, and oxygen, and are 
used by the body as a source of energy. 
Since fats contain more carbon and hydro- 
gen and less oxygen than do carbohydrates, 
they contain about 2.25 limes as much 
energy per unit weight. 

Digestion of fat. After ingestion, lau 


arc broken down by enzymes present in 
the intestinal juices into their constituent 
parts, the fatty adds and glycerol, in order 
to be absorbed through tlie intestinal wall. 
Some monoglycerides, obtained in the 
coune of fat digestion, are absorbed, how- 
ever, directly into the intestinal mucosal 
cells. These constituents, following absorp 
tion, are recombined into fat which is car- 
ried to all parts of the body by way of the 
lymph and the blood systems, hluch of 
this fat is probably used directly as a 
source of energy. Any excess, however, is 
deposited within the cells of the body and 
in the fat depots underneath the skin, in 
the abdominal cavity, and around certain 
of the vital organs. Conclusive evidence 
that fatty adds may be converted to some 
extent into carbohydrates and later used 
to supply energy is still lacking, but gly- 
cerol may be converted into glucose and 
stored temporarily in the liver and muscle 
tissues as glycogen. 

Special role of fat in poultry nutrition. 
In addition to serving as a source of 
energy, fat provides the unsaturated fatty 
acids, linoleic, linolenic, and arachidonic. 
These were found to be essential nutrients 
by Burr and Burr (1930), Burr et al. 
(1932), and Turpeinen (1938), in work 
with the rat. Reiser (1950) found that the 
chick is unable to synthesize linoleic and 
linolenic acids. Hopkins et al. (I9G0) and 
Machlin and Gordon (1961) showed that 
highly purified methyl linoleate stimulates 
chick growth. No effect was obtained by 
the former workers from methyl oleate and 
none from methyl linolenate by the latter. 
The quantity of linoleic acid required, 
however, is probably small under most con- 
ditions. Menge and Denton (1961) ob- 
served that edible coconut oil which con- 
tains little linoleic acid stimulated growth 
almost as well as equal quantities of corn 
oil or soybean oil in chicks, fed a simplified 
diet containing 0.5 per cent corn oil and 
soybean meal as the chief protein source. 
Russell et al. (1940) reported that a ration 
osntaining 0.1 per cent or less of dietary fat 
did not significantly retard the growth of 



Chapler 6: NUTRITIVE REQUIREMENTS 157 


chicks up to 14 weeks o£ age when care was 
taken to provide the vitamins removed by 
the extraction procedure. On the other 
hand, some fat in the diet is highly desir- 
able. Russell el al. (1942) showed that it 
aids in the absorption of the all-imporianl 
fat-soluble vitamins. 

Polyunsaturated fats such as corn oil. 
soybean oil, or safflower oil have been r^ 
ported to inaease egg size by Jef^en ct a . 
(1958), Hopkins and Nesheim (1962), and 
Marion and Edwards (1962). Increased 
hatchability of fertile eggs from the use o 
these fats has been reported by MaAlm 
and Dudley (1962) and and hd 

wards (1962). Shuize and Jensen (1963) ol> 
tained evidence that these effects are da 
chiefly to linoleic acid. The resu s 
studies on the influence of polyunsaturated 
fats on egg production are conflicting. 

Nonedible fats, particularly animM at*, 
are now used extensively in poultry 
largely because of favorable price res S 
from the substitution of deicigents for 
soap. The quantity usually added vanes 
from 2.5 to 5 per cent. 

Importance of antioxidants, 
saturated fatty acids of fats, when d P 
tected adequately by natural or . 
antioxidants, first lose hydrogen, 
fatty acid-free radicals. Then, throug 
lake of oxygen, they arc conver e 
organic peroxides which eventua y 
down into ketones and S* 

rancid fat its characteristic 
ing to Matill (1927) and Smith (1939) 
peroxides may destroy the eby 

vitamin A activity of the feed, . 
producing a deficiency of these vi 
even though they were ^fhe 

amounts It the time the feed left the 
manufacturer. More recent evi 
Miller et al. (1955) indicates that me 

structive substance formed in uns^i^tw 

fatty acids is the free radical o 
abstraction of hydrogen. This m 
stracts hydrogen from vitamin ' . g 

ally converting it to the inactive q 
form. The destruction of vitamin 
ably proceeds in the same manner 


,he most part, only after the vitamin E in 
the ration is destroyed. Thus, it ts of im- 
portance, in the formulation of teed, to 
ingredients which contain fat that has 
not started to become rancid. Vitamin E, 
which is present in many ieedstulis or is 
irequently added to poultry rations, is an 
eliKtive antioxidant, but synthetm anti- 
oxidants are also used to prev^t the initi- 
ation of fatty-acid oxidation. The mineral 
element selenium which can at least par- 
tially take the place of vitamin E in metab- 
“lism probablf also 

part as an antioxidant. Most of the 
rtural carriers of fat contain unknown 

antioxidant, which “ f 

Uie fat for a considerable period of time, 
movided they have not been 
heat or lost in some other way during the 
processing of the material. 

ENERGY . 

Of the various nutrients needed for 

"fPpmtS, amfno acids, "linera s, and 

:rwrhinrted'r\iSt^^^^^^^^ 

of c^s^CImV obtained evi- 

r^“w“ch mdierned tha\ 850 kcal. per 
dence wh ^ were sufficient to promote 

e,.1.<194V)«nuinrfahou.l.00«“'^^^^^^ 
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low calorie content was obtained by di- 
luting die ration with puiterized oat hulls. 
The greatest fat deposition in die bodies 
of the cliicks was obtained, hoivever, when 
the undiluted ration containing 970 kca). 
per pound was fed. The carcass fat, 
dry basis, of the broilers fed this ration 
was 26.8 per cent, while the fat content of 
broilers fed a ration containing 858 kcal. 
of productive energy per pound was 23.2 
per cent. Since this does not appear to be 
low enough to have any material effect on 
tlie quality of the carcass, the productive 
energy requirement of broilers appears to 
vary from approximately 850 to 1,000 kcal. 
per pound. These values on converting to 
metabolizable energy become 1270 kcal. 
to H90 kcal. per pound respectively. At 
lower productive energy levels the fat con- 
tent of the carcass was depressed, appar- 
ently because the thicks were unable to 
consume sufficient feed. Such rations, how- 
cser, are satisfactory for the production of 
pullets for flock replacement since high fat 
content of the carcass is not a criterion of 
pullet quality. 

The quantity of metabolizable energy re- 
quired for egg production has been re- 
fiortcd by Hill (1038) to be approximately 
350 kcal. per hen per day with rate of 
lay at 70 per cent. Since the feed require- 
ment for cadi 10 per cent diange in egg 
production lias been estimated by Bycriy 
(1911) to be O.OH-0.015 pounds per hen 
per day, the change in the daily metaboliz- 
able energy requirement for cadi 10 per 
rent change in production is approxi- 
mately 20 kcal., \%hcn the diet conuins 
approximately 1350 kcal. per pound. 
Thus a lien laying at the rate of 90 per cent 
requires about 390 kcal. per day and one 
laying at the rate of 50 per cent about 310 
kcal. 

MINERAL ELEMENTS 

Tlic essential mineral elements arc as 
important in the maintenance of the life, 
i«eil-bcing, and production of poultry as 
amino adds and vitamins. They enter into 
die composition of the bones and give tlie 
skeleton, the bony (ramevsork of the body. 


the rigidity and strength needed to support 
the soft tissues. Afinerals combine with 
protein, lipids, and other substances which 
make up the soft tissues of tlie body. They 
take part in the maintenance of osmotic 
pressure and the acid-base balance and 
exert specific effects on the ability of 
musdes and nerves to respond to stimuli. 
Minerals are also necessary for the activa- 
tion of many of the enzymes present in the 
body. 

Enential minerals. The mineral de- 
menu whidi have been found essential 
for the maintenance of animal well-being 
are calcium, chlorine, magnesium, phos- 
phorus, potassium, and sodium, and the 
trace elements, cobalt, copper, iodine, 
iron, manganese, molybdenum, selenium, 
sulfur, and zinc. Cobalt is an essential elfr 
ment for ruminants, but the work of Davit 
et cl. (1953) indicates that as long as the 
diet is adequate in vitamin Bj 2 , it is un- 
necessary for poultry. Fluorine in small 
amounu is a consunt constituent of several 
(issues, particularly bones. Evidence has 
been obtained that traces of this element 
may be essential, or at least benefldal, for 
some spedes, but no direct evidence to tlui 
effect has been obtained with poultry. The 
analyses of llic individual mineral constitu- 
ents in Uie body of mature chickens con- 
ducted by Hainan (1936) show that the 
major portion of the caldum, magnesium, 
and phosphorus of die body is present jn 
the bones. Chlorine, iron, potassium, 
sodium, and sulfur, on the other hand, are 
largely present in muscles, oiher soft tis- 
sues. and body fluids. 

Alincrals in fecdstuffs. The feedstuffs 
of plant origin are low in chlorine and 
sodium and, with the exception of alfaUa 
meal, also low in caldum. Tliey contain 
relatively large amounts of potassium and 
reasonable quantities of magnesium and 
pliosphorus. Com and die fecdstuffs of 
animal origin arc low in manganese. With 
tills exception and, in the case of milk 
products, also iron and copper, the fecd- 
stuffs of animal origin arc reasonably vsdl 
supplied vviili minerals. It is necessary, 
however, to supplement poultry rations 
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with additional sodium and “ 

the form of salt, additional calcium, and 
„ many instances, pltfP;;”-; 
manganese. Because of the use of 1^ 
amoLs of soybean meal m 
poultry rations, supplementation with ad 
ditional iodine is usually f 

large quantities of fish by-products are 
included in the ration, owing to 
that soybeans have goitrogenic P'°P““' 
(Wilgus cl ol., 1941a). This is usually sup 
plied by the use of iodized sal^ 

^ Calcium and phosphorus. Calaum and 
phosphorus are discussed together beau^ 
of their close association m ni^^bol.sm^ 
particularly in the formation o 
the growing chichen, the tnajor p 
the calcium in the ration is use 
formation, while in the 
major portion is used for clotting 

tioi. Calcium is also essential for c^ mg 
of the blood, is required along ^ 
and potassium for the norma maln- 
the heart, and is concerned in 
tenance of acid-base equilibrium. 

In addition to its role m bon' o™*, 
tion, phosphorus exercises i/bP°^v jrates 
tiom in the metabolism ol 
and fats; it enters into the pUj. 

important constituents^ of all i , 
and salts formed from it play an gj-base 
part in the maintenance ‘‘re acn. 
balance. It is apparently also co 
in calcium transport in egg to™"’”"'. 

The utiliration of 'aWnn. and ph» 
phorus is dependent upon t e p 
an adequate amount of amount 

ration. In vitamin D deficiency the a^ 

ot calcium and phosphorus 
the bones ot growing gells de- 

the quantity of calcium in ^ ^ 

creased. If the deficiency i g 
longed, these elements ^ckens 

drawn from the bones of gro S 
and mature fowls. nhospfiorus 

The quantity of eataum and phmp 
required by poultry >s dependem 
exlnt upon the level of 
plied in the ration. When la^g' 
ol vitamin D are fed, the am 
cium and phosphorus m 


be reduced. On the other hand, a 
of viumin D can be offset to a considerable 
extent by increasing the quantity o 

““i“m.ro?caTcium to phosphorus in 
poSiry rations may be varied ov« a fairly 
wide range without serious harm. How 
„„ when either element is present 
ever, wnen . , „jlh die absorp- 

Xothi bom the digestive tract, 
““die growing chick the 

„do appiarsro lm he.w«n 

»”l.o"igherreqniremen.for 

calcium. crsurr^s of calcium 

All nf the common sources o 

in feeding .he phosphorus in 

available than i ^ to 

cod liver oil. P pj^osphorus m 

chicks as the only c al.^(1949) found 

^r\S‘fio"per'';iiroir"ph^phr 

cither a P“™“g, 4 , repotted that more 
Ginnis el al. ^ d is re- 

dian 16 b'n“ “ bone develop- 

quired to prom phosphorus is 

means »' “JL msults of McGinnis 
According to the « jj,„, „ 

el al. (1944) Smgsen t 
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seems probable that some of the phos- 
phorus of phytin is available when sup- 
plied by means of natural products. Such 
products contain an enzyme called "phy- 
tase" which hydrolyzes phytin and sets the 
phosphorus free. However, McGinnis 
(1944) found that the presence of phytase 
in natural products does not increase the 
availability of phytin phosphorus, since 
no better results were obtained with wheat 
bran, an excellent source of phytase. than 
with autoclaved wheat bran in which the 
enzyme was destroyed. 

The minimum calcium requirement of 
growing chicks was reported to be between 
0.66 and 0.86 per cent of the ration by 
Bethke et al. (1929a). about 0.71 to 0.75 
per cent by Hart el al. (1930), and ap- 
proximately 0.66 per cent by Wilgus 
(1931). The minimum calcium require- 
ment of chicks appears, therefore, to be 
approximately 0.7 per cent. 

The minimum phosphorus requirement 
of growing chicks was reported by Bethke 
et al. (1929b) to be between 0 37 and 0.6 
per cent, by Hart et al (1930) about 0.5 
to 0.42 per cent, by Wilgus (1931) 0.5 per 
cent or less, by Supplee (1935) between 
0.26 and 0 5 per cent, and by Watkins and 
Mitchell (1936) less than 0.5 per cent. 
More recently, Gillis et al (1949) found 
that 0 4 per cent of readily available phos- 
phorus promotes normal bone formation 
and good growth in young chicks. There- 
fore, the minimum phosphorus require- 
ment of chicks appears to be approxi- 
mately 0.4 per cent. In order to get satis- 
factory bone development at this level, 
however, the phosphorus must be present 
in the ration in a highly available form. 

The calcium and phosphorus require- 
ments of chicks given in the NAS-NRC 
“Nutrient Requirements for Poultry” 
(1960b) are 1.0 per cent and 0.6 per cent, 
respectively (Table 6.2). The require- 
ments, in addition, specify that the ration 
must contain at least 0.45 per cent phos- 
phorus in the inorganic form so that not 
all of the phosphorus in the ration is sup- 
plied by means of feedstuffs of vegetable 
origin. 


Norris et al (1934) found that 1.81 per 
cent of calcium was suOicient to meet the 
requirements of laying hens as judged by 
egg production, eggshell strength, egg- 
shell ash, and the levels of calcium and 
phosphorus in the blood. At this level 
of calcium, average egg production of 56 
gm. eggs in two experiments varying in 
length from 44 to 48 weeks was approxi- 
mately 66 per cent, eggshell calcium per 
egg was 2.09 gm. and eggshell breaking 
strength 4.09 kg. These values were not 
increased by raising the calcium content of 
the diet to 2.13 per cent. Blood calcium 
was also maximal at 1.81 per cent calcium. 
In this work, when 3.33 per cent of calcium 
was included in the ration, a decrease in 
egg production was obtained and the hens 
failed to maintain tlicir weight as well as 
those fed somewhat lower levels of calcium. 
Cutkowska and Parkhurst (194^ reported 
that a ration containing 3.9 per cent cal- 
cium affected egg production detrimentally, 
but not hatchability and fertility. The 
phosphorus content of the ration used in 
the investigation was 0.75 per cent. Titus 
et al (1937), on the other hand, found that 
levels of calcium varying from 4.05 to 5.4 
percent brought about a decrease in hatch- 
ability as well as egg production. Norris 
et al (1934) used oystershell flour as the 
chief source of calcium in their experi- 
mental work; Gutkowska and Parkhurst 
(1942), pulverized calcite; and Titus et al 
(1957), ground limestone and gypsum. 

Evans et al. (1944b). who studied the cal- 
cium and phosphorus requirements of 
White Leghorn pullets kept in laying cages 
showed that the best egg production was 
obtained when the pullets received 2.5 per 
cent calcium. The duration of this experi- 
ment was 16 weeks. In a second experi- 
ment of 40 weeks’ duration egg production 
and egg weight at 2.5 per cent calcium 
were equal to the results obtained with 3.0 
per cent and 3.5 per cent calcium and egg- 
shell smoothness tended to be better. Egg- 
shell weight and shell thickness, however, 
were greater at the higher amounts of cal- 
cium. In this experfuieiit egg weight was 
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somewhat greater than that obtained by 
Norris el nl. (19S4). This may explain 
partially tlie higher calcium rf'l'i't™'"' 
icpotted by Evans el at. (1944b). Since 
oyster shells rather than oystershell flour 
were used as tlie source o£ calcium in t wr 
experiments, it is probable also that the 
oyster shells were used less efficiently 

cause of large particle sue. .he 

In the work by Norris et al. (1954) th 
percentage utiliiation of calcium for 
shell formation was 61.9 per cent w en e 
diet contained 1.81 per cent, the quantity 
found to be optimum under the experi- 
mental conditions. This is in cxce em 
agreement with the percentage retention 
approximately 60 per cent obsen'cd by 
Hunviu and Griminger (1960) in hens fed 
a dirt containing 2.7 per 
These hens laid eggs, averaging 59.8 
at a rate ol 77.0 per cent for 44 weeks. 
Since little calcluin is stored by ina 

heavily laying hens, percentage calcium r- 

tention and percentage utilirauon tor gg 
shell formation are very nearly men • 
The amount of calcium in the 
a 58-60 gm. egg is about 2-2 gm. t p 
cent utiliiation for eggshell formation, 
quantity of calcium whicli must 
gested per hen per day can ^ . g, 

Irom the rate of lay. This is about 
gm. for 50 per cent production, • ^ 

for 70 per cent, and 5.S0 gm. for 
cent. The calcium content of 
medium energy content, designe o 
the needs of hens averaging 4.5 poun 
the end of the first production ^ n’ -rlv 
be estimated from data reported V . ' , g 
(1941). Such rations should 
per cent calcium for an egg 
of approximately 50 per cent, ^ 
for 70 per cent production, and ' P, 
cent for 90 per cent production- Slight y 
larger amounts will be require m 
of higtenergy liaal 

fat, or in rations fed to hens o 
average weight than 4.5 cod- 

Norris ci al. (1934), us.ng a 
taming 1.8 per cent of 

the minimum phosphorus req 


laying hens was 0.75 per cent ol the diet. 
Miller and Bearse (1934), with rauons 
“rs'ing in calcium from 2.23 to 3^3 per 
cent, Silaincd the highest egg production 
with 0.8 per cent phosphorus. Evans et al. 
n944a) obtained higher egg production 
lith 0.8 per cent phosphorus in die ra- 
don ol laying hens than when 0.6 per cent 
was supplied. The calculated available 
phosphorus content of the dieu used by 
Sre research workers which mmu 

mum mquirementi P'J 

cent, 0.50-0.60 per cent, and 0 4M.50 per 
cent respectively. Gdhs et al. (195 ) 
ported dial hens confined on svire-mcsh 
tons tor experimental periods up to 35 
weeks required 0.5 per cent available phos- 
Dhorus lor maintenance of weight and egg 
production and 0.6 per cent lor optimum 
Cphosph-™' level and prevendon o 
boTdecalcification. Singsen et al. (196^ 

showed d... hens cenfined ^^^ 
S?5V°een°avatble7hophom.hutnot 

««r/than 0.55 per ceni for egg produc 
Hatchabiliiy of fertile eggs and per- 

rugfofbone Ish. however, were sat... 

^ Not only is the exaction of phos- 

inghen. Noto y channels m- 

ptous 'hCgSp, appreciable 

“'"utts are' deposited in the egg. Phos- 
amounts ate uep ^ 

f'kemiin Sid ritellin. Phospho- 

’‘'!Ts”also concerned indirectly m 'BSshell 

Lnuadon “^“^h ^(1933) 

I PlaXt ey Production per hen was not 

rir^Seasa’^vhenmeP^^^^^^ 

„nt ol the diet “-5 P=r cent. 
^“dSreasS! Mnan (1925) pointed out 
Xt egg production “ »“°“’“‘‘a”d that 
creased phosphorus “ “holism. 

during 'SS P'°‘’"““" „cater'^ than that 
from ,'h= body ■> Hainan’s ob- 

contained m the «S6 , Common 

servattons were confirmed y 
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(1932), who found that egg production 
was correlated with relatively heavy ex- 
cretion of phosphorus in the feces. 

The calciunj requirement of laying hens 
given in the NAS-NRC “Nutrient Require- 
ments lor Poultry” (1960b) is 2.75 per cent 
of the ration and the phosphorus require- 
ment 0.6 per cent (Table 6.2). 

Mussehl and Ackerson (1935) found 
that to obtain maximum growth and maxi- 
mum bone ash in turkey poults, levels of 
calcium varying from 1.45 to 1.98 per cent 
and levels of phosphorus varying from 
0.63 to 1.02 per cent were required in a 
ration containing 1.0 per cent of cod liver 
oil. Motzok and Slinger (1948) presented 
evidence which indicated that turkey 
poults fed a high-energy ration required 
minimum levels of 1.3 to 1.6 per cent calci- 
um and 0.7 to 0.9 per cent phosphorus. 
Hammond et al. (1944) reported that 1.0 
per cent calcium and 0.6 per cent phos- 
phorus are adequate for growing turkeys 
and that under favorable conditions as 
little as 0.5 per cent phosphorus may be fed 
without detrimental effect. Singsen el al. 
(1947) showed that 0.65 per cent nonecreal 
phosphorus promoted satisfactory growth 
and bone formation in turkey poults and 
that 0.4 per cent was adequate, provided 
the diet contained not less than 0.65 per 
cent total phosphorus. Wilcox et al. (1955) 
obtained results indicating that the phos- 
phorus requirement of turkey poults fed a 
practical ration was 1 0 per cent, when ap- 
proximately 0.45 per cent was phytin phos- 
phorus and the remainder inorganic. No 
studies appear to have been conducted on 
the calcium and phosphorus requirements 
of breeding turkeys. 

The calcium requirements of turkey 
poults given in the NAS-NRC ‘‘Nutrient 
Requirements for Poultry” (1960b) 1$ 2.0 
per cent of the ration and the phosphorus 
requirement is 1.0 per cent (Table 6.3). 
The calcium and phosphorus requirements 
given in the report for breeding turkeys 
are 2.25 and 0.75 per cent of the ration, 
respectively, in spite of the lack of experi- 
mental evidence. These requirements are 


based, presumably, upon the fact that 
breeding cliicken rations have promoted 
satisfactory egg production in breeding 
turkeys. The NAS-NRC requirements also 
specify that the ration of starting poults 
contain 0.5 per cent inoiganic phosphorus 
in order to have some highly available 
phosphorus in it 

Magnesium. Magnesium is closely asso- 
ciated with calcium and phosphorus in the 
body. It is essential for bone formation, 
about two-thirds of the magnesium in the 
body being present in the bone, chiefly as 
a carbonate. It is also necessary for carbo- 
hydrate metabolism and the activation of 
several enzymes. Eggshells contain about 
1.4 per cent magnesium. 

Magnesium is present in sufficient 
amounts in ordinary feedstuffs so that 
practical poultry rations contain in general 
enough to meet the requirement. It is 
possible, however, to formulate rations 
which contain excess magnesium, widi the 
result that detrimental effects are pro- 
duced. Buckner el at. (1932) found that 
the addition of magnesium carbonate to 
chick rations in amounts sufficient to raise 
the magnesium level from 0.76 to 7.05 per 
cent upset the calcium and phosphorus 
balance, resulting in deformed bones with 
low ash and calcium content. A similar 
effect on bone ash has been reported by 
Mussehl el al. (1930), while Schaible et 
al. (1963) obtained perosis with magne- 
sium carbonate additions. Alder (1927) 
found that feeding dolomite limestone 
containing a high percentage of magne- 
sium for a period of four months caused 
egg production to decrease and the shells 
of the eggs to become progressively thin- 
ner. Nearly every hen in the dolomite 
pen developed diarrhea as indicated by 
the droppings and badly soiled condition 
of the feathers on the abdomen. The hens 
also became extremely irritable and easily 
frightened. All of these conditions cleared 
up within a short time after substituting a 
high-grade limestone for the dolomite. 
Work with several species of animals, how- 
ever, indicates that magnesium is less 
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harmful when the ration contains hb^ 
amounts of calcium and phosphorus than 
when these elements are fed at a mai^ma 
level. 

Almquist (1942) found that the mag- 
nesium requirement of the chick is approx 
imately 0.04 per cent during the first lew 
weeks of life. Almquist observed that the 
chicks fed the basal ration grew slowly lor 
approximately one week, then ceased grow 
ing and became lethargic. Wheri >s 
turbed, these chicks frequently passed in o 
a brief convulsion accompanied by gasp- 
ing and finally into a comatose state some 
times ending in death. Gardiner et a ■ 
(1959) reported that the magnesium re- 
quirement of the chick for maximum 
growth and prevention of deficient^ 
symptoms is approximately 0.025 per cen . 
Using a purified diet containing 0.7 P-P-™' 
magnesium, McWard and Scott (Iv ) 
found the chick's magnesium requircmen 
for good growth and survival is approio* 
mately 0.02 per cent. The best growth, 

however, was obtained at magnesium levels 

of 0.025 per cent to 0.045 per cent. Nugara 
and Edwards (1961) showed 
Msium requirement of the chick is 
hy the dietary levels of calcium and phos- 
horus. They found that, when the calcium 
ontent of the diet was 1.2 per cent and me 
‘hosphonis O.r 
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magnesium requirement was 
:at and 0.042 per cent respectively, luf 
“igber value, obtained by these 
gators agree reasonably well with the 
nesiura requirement of the chick given i 
Ae NAS-NRC “Nutrient Requirements tor 

Poultry" (1960b). This is 220 mg- 
pound c - 


pound or 0.048 per cent. . 

The magnesium requirement of tui ^ 
^uhs fed a purified diet, was reported ny 

Sullivan (19G2) to be 216 mg- per 

00475 per cent. Keene and Combs (196^ 
obtained results which indicated that tn 
poult, fed a purified diet containing an 
antibiotic, required 0.042 per cent map 
nesium. In work with chicks fed a pi^ 

the inclusion of an antibiotic m t^ 
‘ct was found to decrease the cbi * 
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chicks fed a puriEed diet containing 0.24 
per cent sodium and 0.4 per cent potassium 
required 0.12 per cent chlorine. 

Slinger et al. (1950) obtained evidence 
that maximum growth in chicks fed high- 
energy, low-fiber rations was obtained with 
0.25 per cent or less of added salt but 
that the salt requirement was increased 
on including wheat by-products and cellu- 
lose in the ration. Heuser (1952) obtained 
maximum growth in du'eks by supple- 
menting a medium-energy ration already 
containing 0.4 per cent chlorides expressed 
as salt with 0.25 per cent salt. No further 
improvement in growth tvas observed with 
larger amounts of salt. 

According to the NAS-NRC ‘’Nutrient 
Requirements for Poultry” (1960b), 0.15 
per cent of sodium should be adequate for 
all ages of clilckens and turkeys. This is 
equivalent to 0.37 per cent sodium chlo- 
ride. In view of the presence of some so- 
dium in practical ingredients, the addition 
of 0.25 per cent salt is, however, usually 
sufficient. This represents added salt and 
not salt already present in the ingredienu 
of the mash mixture. When the ration is 
composed of both mash and grain, the 
mash mixture should contain 0.5 per cent 
added salt in order to provide approxi- 
mately 0.25 per cent in the entire ration. 
However, these recommendations may sup- 
ply too much salt and lead to excess water 
consumption and wet litter when la^ 
amounts of animal products which contain 
considerable quantities of salt are included 
in the ration. Under these conditions it 
seems advisable to consider the salt already 
present in the ration and add enough to 
provide a total of approximately 0.37 per 
cent. 

Excessive amounts of salt in the ration 
are toxic to cliickens. Sulfran (1909) 
found that the lethal dose is approximately 
4 gm. per kilogram of body weight. 
Quigley and Waite (1932) fed chicks 
rations containing from 1.0 to 15.0 per 
cent salt and found that levels of 8.0 per 
cent or greater depressed growth. Mortal- 
ity, however, was excessive above the 5.0 


per cent level. These worken confirmed 
the observation of Suffran that the raini- 
mum letlial single dose is 4 gm. per kilo- 
gram of body weight. Barlow el al. (1948) 
fed day-old diicks graded amounts of salt 
in an all-mash ration to nine weeks of age 
and observed mortality of 18.8 per cent at 
the 3.0 per cent salt level and 34.4 per 
cent at the 4.0 per cent level. Young chicks 
were more susceptible to toxic cllecu of 
salt than older ones and water con- 
sumption increased with increase in the 
salt content of the ration. Mitchell et at. 
(1926b) found that chickens from 9 to 21 
svecks of age could be fed as much as 8.0 
per cent salt in the ration without any 
detrimental effects on their rate of growth 
and physical condition after tl»e chickens 
became accustomed to the ration, hfattcr- 
son el al. (1916) fed day-old turkey poulu 
graded quantities of salt in an essentially 
salt-free diet for 25 days and observed 25 
per cent edema and 25 per cent mortality 
at 4.0 per cent salt but none at 2.0 per 
cent. Roberts (1957) found that a ration 
containing 4.0 per cent salt did not affect 
either growth or food consumption In 8* 
week-old poults but water consumption 
was noticeably increased. In mature tur- 
keys 8.0 per cent salt may have caused some 
reduction in gain but food consumption 
was not decreased. No mortality occurred 
in any of the experiments. Torrey and 
Graham (1935) reported that ducks arc 
more susceptible to salt poisoning than 
chickens. 

Tlie symptoms of salt intoxication are 
inability to stand, intense thirst, pro- 
nounced muscular weakness, and con- 
vulsive movements preceding deatli. Post- 
mortem examination has revealed lesions 
in many organs, but particularly hemor- 
rhages and severe congestion in the gas- 
trointestinal tract, muscles, liver, and 
lungs. 

Potassium. Potassium is widely distrib- 
uted in feedstuffs of botJi plant and animal 
origin, and although the requirement of 
poultry for this element is rather high, 
there seems but little likelihood of a defi- 
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cicncy occurringin practical poultry ranons. 

rotasiiura, i« contrast to soilium, w 
found primarily in the cells of the body 
rather than in the body fluids. The soft 
Ussucs of tlic fowl contain more than 
three limes as mucli potassium as sodium. 
Tlic sodium and ixjlassium content of 
die bones arc approximately the san>c. 
ITtc fundamental role of potassium m 
metabolism is not well undcrsitwl. It is 
necessary for normal heart activity where 
it exerts an effect opposite that of caldum. 
reducing the contractility of the heart 
muscle and favoring relaxaUon. Potassium 
ions also appear to inacasc membrane 
pcrracability. 

Ben Dor (1911) reported that clucks 
deficient in potassium exhibit high morta • 
ity and retarded growili. He concludes 
that the chick requires 0.17 per cent 
potassium in the diet. Gillis (Ip}®- ^ 

observed that an interrelationship exis 
between potassium and phosphorus, lie 
found that although 0.16 per cent 
siutn was sufficient to prevent mortality. 
0.2 per cent potassium was required wiicij 
Uie phosphorus level was 0.6 per cent, am 
0.21 per cent pouisium was nwcvl voic 
the phosphorus level was 0.35 per cen^ 
Burm et al. (1953) rcportal that XM 
fjoiassium requirement of cliicks was 
X'^nn 0.23 and O.'IO per cent, die higher 
level being required for nuximura growl • 
Leach et at. (1959) obtained evidence »M* 
die minimum potassium rcquiicmcnt o 
ripid growth of chicks fed a 
diet containing 0.65 per tent [>hti>p. o 
OJ iKr cent. Resulu obtaincvl by 
{'Ice aihl Combs (1960) uulicaie that wc 
f^uniuni rctiuitcmcnt of 
u Jpjjiuximatcly 0.6 i>cf cent of the 
m ihe alnencc of an antibiotic ami 
f'tr ecai in the presence of one- * 

Umluus rcnuiraneiu of stamni; * 

S-*tn in ihc N.V5 NRC ' Sunvcni 

for Pouhry- (19666) i* 0 2 l’^ 
r--*! that for gtowmg .hubs is o !«* 1-^* 

‘r:4 CPaV-e 6 2). 

Mae'inoc. Matiganrsr i* eJ'-e i.4 * 

, ciliid -«4te clrmcnis- ittpinevl » I* 


iry Wilgiis et a!. (1936. 1937a) reported 
dial pcrosis in {xmltry is caused for the 
most jurt by manganese deficiency. They 
also shovkod llmt the i>crosis prevenung 
pro|>triy of cciuin fcevlstulfs is conclatcvl 
with their manganese content. 

Perosis is 3't anatomical deformity ol 
the leg bones of young chickens, tuikcys. 
nhcas.inis. grouse, and quad. The symp- 
loms Kcncrallv found arc grow enlarge- 
mciu of the libio-mctaiarsal joint, twist- 
ing or bending of die distal end ol Uic 
iibia ami of the proximal end of the meta- 
tarsus. and. finally, slipping of the gasUM- 
nciiiius tendon from its condyles (Fig- 
C‘*i The latter symptom causes cf>«}>P'«‘f 
aiplilms in tlit '‘'P’ '' 

due ... .1... insbilil, ..t .I.C diitt w «cu.c 
(,x,l ami wa.cr, tnlly olncncri ot pc'“'‘ 
„«cd .Im. i. ..a. mo., l.lel, .o «n.r 
unJer . 1.0 uoi.Jt.1 roii.li.io.i> o( confine- 
me... .c...in;; .1.-.. .“'in'" ■“""S •* "'f' 
mineral eon.en. lenilol .0 .is^ra.a.c ll.e 

coml.iioni 

mote susceptible than light btceds. 
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bred cliicks used in their experiments. 
Insko et al. (1938) found 36 to 37 p.p.m. 
to be adequate for growth and the pre- 
vention of perosis in Rhode Island Red 
chicks. Gallup and Norris (1939a) re- 
ported that approximately 50 p.p.m were 
required by Netv Hampshire cliicks, while 
30 p.p.m. completely prevented the dis- 
order in White Leghorn chicks. They al- 
so observed that 1,000 p.p.m. of manga- 
nese was not toxic to day-old chicks, kept 
on experiment to six weeks of age. 

In addition to its perosis-preventing 
properties, manganese is necessary for the 
formation of normal bones. Wilgus et al. 
(1937b) observed that frequently the leg 
bones of diicks fed perosis-producing diets 
were thickened and shortened. Gallup 
and Norris (1938) reported that the leg 
bones of chicks fed a manganese-deficient 
diet were 7 or 8 per cent shorter titan 
those of chicks of the same age, sex, and 
weight receiving adequate manganese. In 
a more extensive study, Caskey et al. 
(1939) reported that manganese deficiency 
in the diet of chicks resulted in a highly 
significant shortening of the bones of tlte 
legs and wings and also a shortening of the 
spinal column. They also found ^t the 
ash content of the bones of the deficient 
chicks was significantly lower than that of 
chicks fed an adequate diet. 

The evidence that manganese is neces- 
sary for bone formation is supported by 
the observations of Wiese el al. (1939, 
1941) that bone and blood phosphatase, 
as well as the ester phosphorus of the 
blood, are depressed in manganese defi- 
ciency in the chick. Combs el al. (1942) 
confirmed the observation that manganese 
deficiency lowers bone phosphatase. These 
results, together with those of Caskey el 
al. (1939), suggest that manganese deficiency 
causes a disproportionately greater re- 
tardation in the development of bones in 
chicks during growth dian that of other 
tissues of the body. Creek et al. (1960) have 
shown, however, that the stress of the rela- 
tively greater weight of the soft tissues Is 
not the primary cause of the bone malfor- 


mation in perosis. After severing the Achil- 
les tendon al the right hock joint at three 
days of age, these investigators observed 
that malformation of the bones of the im- 
mobilized leg developed but to a lesser ex- 
tent than in the unoperated right leg of 
other cJiicks. 

The need for manganese by mature 
fowls was demonstrated by Gallup and 
Norris (1937, 1939b). who reported that 
pullets fed a diet containing 13 p.p.ni- 
manganese produced less than half the 
number of eggs laid by similar pullets fed 
a diet containing 200 p p.m. In this work 
ilte manganese content of the eggs from 
the low-manganese group was reduced, 
fertility was slightly decreased, and the 
hatchability of eggs was markedly lowered 
by manganese deficiency. Embryos in the 
eggs of low-manganese content usually 
died during the final stages of incubation. 

Lyons and Insko (1937) also found that 
manganese deficiency resulted in very low 
hatchability of fertile eggs and, in addi- 
tion, observed the production of chondro- 
dystrophy in the embryos. The peak of 
mortality for such embryos occurred on the 
twentieth and twenty-first days of incu- 
bation. The chondrodystrophic embryos 
were characterized by very short, thickened 
legs, short wings, "parrot beak," globular 
contour of head, protruding abdomen, and 
retarded down and body growth. Very 
marked edema was noted in about 75 per 
cent of these embryos. The manganese 
content of the eggs producing chon- 
drodystrophic embryos was much smaller 
than that of normal eggs. 

Caskey et al. (1944) reported that chicks 
hatched from eggs produced by hens fed 
a diet deficient in manganese sometimes 
exhibit ataxia, particularly when excited. 
This is a nervous disorder involving 
spasms in which the head may be drawn 
forward and bent underneath the body or 
retracted over the back. The ataxic chicks 
gretw normally and reached maturity but 
fail«l to recover completely from the 
ataxia. Caskey and Norris (1940) oh- 
served that they also retained the short 
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bones characteristic of embryos and newly 
hatclicd clucks when the maternal diet 
is deficient in manganese. 

Caskey and Norris (193S) reported that 
the breaking strength of the eggs from lots 
of hens rcccising difTcrent levels of man- 
ganese incrcasctl as Uic quantity of man- 
ganese in the diet increased. The breaking 
strength averaged 6.G pounds for a ot r(> 
cciving G.5 p.p.in. manganese and 
pounds for a lot receiving 100 p.p.m. The 
ash content of the eggshell also increased 
with increase in the manganese content oi 
the diet. Lyons (1939) desaibed the cUcci 
of a low-manganese diet on the char.-ictcr- 
islics of eggshells. Lggs produced by hem 
fed a dcricicni diet showed large areas 
poor calcification as indicated by ddlcr- 
cnccs in smoodmess and iransluccncy. / 
lowered breaking strcngdi and a smaller 
percentage of shell were also found. 

In studies on the rnanganese req 

mem ol hens, Caskey and Nomi OWj 
concluded Uiat 20 p.p.m. “..’.“‘'‘‘'f.", " 
egg production and hatcliability. 
smu oi Scltaible e< oi. (1938) tndteat^ 
that additional manganese abos-c 59 PP- _ 
did not benefit fertility. 
egg production. Golding more 

found that heavy breeds j. 

manganese Uian light breeds. ..i,, 

with hens, therefore, supports i 
obuined with chicks. Golding _ 
(1910) also found that 9 p.p.m- of 
manganese were adequate for ha Ky 

and^ihe prevention of chondrodyst^ 
but not for egg production in ” -.je 
horn pulleu. This ^^Snitv 

however, was not sufficient for * 
in Barred Plymouth Rocks, .liritted 

(1947) obtained evidence which 
mat the manganese requiremen » 
in their second year ol 
greater than that of pullets. T 
ers also reported that high lev * j p 
ganese in the diet lower the sntanu" 

"='totheworkc£Schaih^-' 

(1938). manganous -"’TOUssium 

chloride, manganous carbona . po 


ixrmangaiiatc, and manganese dioxide ap- 
peared to be equally satisfactory sources 
of manganese for use in poultry rations. 
Oxide ores of manganese, such as inanga- 
iiiic and pyrolusitc. were comparable to 
the foregoing compounds; but the carbon- 
ate ore, rhodochrosiie, and the silicate 
ore thodoniic. were not satisfactory. 

Although high concentrations of man- 
caiicsc arc jioisonous, the amounts used in 
practice are much below tile tox.c level. 
Nfore than diiriy to forty times the arnounu 
required were fed by Gallup and Norris 

rNAlmC ■ "Nutrien. 
Requirements lor Poultry- (1960bh chicks 
and poults should receive 25 mg. per 
pounrot ration and '>“> “f 
breeders 15 mg. per pound. Tins is usually 
suDpIicd by including in the ration 6 to 
8 ‘?unc« of a feed grade of manganese 
sulfate containing about 70 per cent of 

“■XrTracroi iodine are required 

Jto^ariunctloning oi the thyrmd 

S'“.■'^‘^C'o^^e^odL"nlb'^d'y 

! imo is suboptimal, the thyroid tissue 
charges and the condition known as goiter 

'"^1“ problem of iodine deficiency h con- 
c 1 tn areas in which the soil, and con- 
6„cd to are water and ieed crops, con- 
f^rinmiiicient amounts ol this mineral, 
ti e Sed States rhese areas are prt- 
n! in"he Northwest and in the Great 
manly in me t sections are 

Lakes regio , actually deficient in 

either n.»8‘"^/'jre«e„t mOi” ‘‘- 
poetry has probably been oil- 
Baeticy m pomi y r jneal. 

set by the wi P . contain 

pptcr shells, °^j"e. Neverthe- 

S“oXra:rn1esUed in poultry 
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by a number of investigators. Welch 
(1928) reported that goiter occurred fre- 
quently in poultry in Montana. He min- 
imized, however, the effect of this condi- 
tion on the general health and produc- 
tivity of the affected birds. Wilgus et al. 
(1941a) observed that soybeans in the 
diet of poultry have a goitrogenic effect. 
They found that this effect is partially in- 
activated by heat, however, and that iodine 
is a counteractant. Soybean meal was also 
found to be goitrogenic, but no detri- 
mental effects other than that on the 
thyroid gland were noted in its use in 
feeding growing chickens. 

Patton et al. (1939), Wilgus et al. 
(1941b), and Gassner and Wilgus (1940) 
reported that iodine deficiency results in 
enlarged thyroids and in some cases lower 
body weight in growing chicks. They 
estimated that the growing chicken re- 
quires 1 p.p.m. of iodine in the diet for 
optimum growth and the prevention of 
goiter. They observed congenital goiter in 
I baby chicks hatched from hens receiving 
0.025 p.p.m. of iodine in the ration. By 
using more reliable procedures for deter- 
mining iodine, Godfrey et al. (1953) 
found that the iodine requirement of 
chicks is between 0.03 p.p.m and 0.15 
p.p.m. Later, Creek et al. (1957) reported 
that 0.05 p.p.m. or less failed to support 
normal growth while 0.075 p.pm. was 
sufficient. Larger amounts, however, were 
required for normal thyroid histology, 
since abnormalities were prevented only 
when the level was as high as 0.40 p.p.m. 
The inclusion of 4.8 p.p.m. of iodine in 
the diet in preliminary studies was not 
found to be toxic. 

The results of studies on the iodine re- 
quirement of breeding hens by Roglcr et 
al. (1961) showed that hatchability of the 
eggs of hens fed a ration containing 
0.010-0.024 ppm. of iodine was greatly 
reduced and hatching time delayed 2 to 2.5 
days. Embryonic development except for 
thyroid size appeared normal, however, 
when the . iodine level was increased to 
0.035 p.p.m. At 0.125 p.p.m. of iodine 


thyroid size became essentially the same 
as when the diet of the hens contained 
0.5 p.p.m. 

The results of these workers indicate 
that ilic use of 0.5 per cent iodized salt 
in chick rations should prevent die d^ 
velopmcnt of iodine deficiency, since this 
would supply 0.35 p.p.m. in addition to 
that contained in the diet. In the NAS- 
NRC “Nutrient Requirements for Poul- 
try" (1960b) the iodine requirement of 
chicks and breeders is estimated to be 0.5 
mg, per pound and that of growing chicks 
and layers to be 0.2 mg. per pound. 

Iron and copper. Both iron and copper 
are necessary for hemoglobin formation. 
Iron is present in heme, the iron por- 
phyrin nucleus of hemoglobin. This nu- 
cleus is also one of the components of the 
cytochromes and the enzymes, peroxidase 
and catalase. Copper also takes part in the 
activity of several enzymes, but, while 
essential for hemoglobin formation, does 
not enter into its composition. In the ab- 
sence of copper, dietary iron is absorbed 
and deposited in the liver and elsewhere, 
but hemoglobin formation does not occur, 
and anemia results. Elvehjem el aL (1929) 
showed that both iron and copper are re- 
quired for hemoglobin synthesis in the 
^ick. Hill and Matrone (1961) concluded 
from the results of several experiments 
that the chick needed approximately 40 
p.p.m. of iron and 4 p p.m. of copper for 
maximum hemoglobin formation (Fig. 
6.3). Davis et al. (1962) presented evidence 
which indicated that the iron require- 
ment of the chick was approximately 65 
p.p.in. when the diet contained 10 p.p.m. 
of copper. 

The demand for iron and copper for 
e^ formation is large, as the average egg 
contains about 1.1 mg. of iron and 0.067 
n^. copper. The results of several investi- 
gators indicate, however, that the addi- 
tion of extra iron and copper to practical 
laying rations does not increase the iron 
and copper content of the eggs, although 
Eritson et al. (1933) found that hens 
with access to sunshine and bluegrass 




FIG. 6.3 -Deficient pigment ‘"l,|na 

feather* of a New Hompsh.re 
from a shortage of dietary iron. The chick wo* 
also anemic. 

range, produced eggs ^vith higher irc^ and 
copper content than hens confined i 

The hemoglobin level of the 
hens has been observed to fall w‘t 
beginning of egg production, but this 
nol appear to be related to the iron and 
copper content of the diet. In view o 
fact that the hemoglobin level rises rapt Y 
with the onset of broodiness, « appean 

more probable that the low 
levels which prevail in egg produciitjn 
are due to changes in the hormone m 
anisms of the body rather than to ir 
and copper deficiencies. 

Mayo et al. (195C) studied the co^e 
tolerance of young chicks using po , 
mortality, and occurrence of muscu ar y 
trophy as indications of copper to ^ 

In one experiment, 324 p pm. o 
caused significant retardation of gr 
at four weeks of age, and in a 
periment, 520 p.p.m. decreased ^ 
at this age, but the males equaled tne 
weight of the control lot when eig 
of age. A marked increase in 
occurred when the diet contain^ » 
p.p.m. of copper. The estimated iron 
copper requirements of the chick 8*^ 
the NASNRC “Nutrient 
for Poultry” (1960b). are respectively 
snd 2 p.p.m. 


Chapter 6; NUTRITIVE REQUIREMENTS 169 

Sulfur. The amino acids, methionine 
and cystine, which contain suifur in 
oreanic combination, suppiy practically 
all the sulfur utilized by poultry. Traces, 
however, are also supplied by the vita- 
mins. thiamin and biotin, and by inorganic 
sulfates. Work by Machlin (1955) as well 
as by Gordon and Sirer (1955) indicates 
that the chick has a requirement tor sul- 
fur which may be satisfied cither by pro- 
viding methionine and cystine in excess 
of that required for protein formation, or 
by means of sulfates. When the methio- 
nine and cystine tnnlent of the diet was 
somewhat deficient, sulfate was found to 
exert a sparing effect on these ammo acids. 

With adequate quantities of methionine 
and cystine in the diet, all the other sul- 

furntontaining compounds in H’' 

appear to be derived from the catabolism 
oMhese amino acids. In studies 
sulfur coniem of egg yolk and 'p 
Marlowe and King (1936) found that all 
of the sulfur in these product, was organ- 
tally bound, and also that nearly all 
Slid be accounted lor by the eysltne and 

" zlnt"Traces oi zinc appear to be neces- 
sa^, for life in all animals. It is a con- 
sliment oi the enzyme carbonic anhydrase 
a Jappears necessary for the ae.ivauon o 
“vmll enzymes. O’Dell and Savage 
/lO'iTa 1957b) repotted significant in 
S’ in die growlh of chicks fed a purt- 
sovbean protein diet containing 15 
L 20 ppm. oi zinc by supplernenlmg the 
100 n.p.in. of Uiis mineral. 
Serit al. (1958) observed zinc de_ 
In rhicks supplied demineralized 
ficiency purified soybean pro- 

"TdS or a Pu-fie5 casein diet contain- 
■ rmneet vel, 9 and 4.2 p.p.m. of zinc. 

^I«P^rowlh poor feathering, enlarged 
and scaling of the skin, particularly 
feet These symptoms were ob- 
„„ the >'“• ji,,. galvanized feeders 

“Twamrets were replaced svilli stainless 
and waterets ‘„;„d battery cages 

:Sild° w[;h Plaslc resin, and die diets 
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stored in tin cans. Without these changes, 
little evidence of deficiency was obtained. 
Increasing the calcium content of the 
diet from 1.2S per cent to 2.07 per cent 
enhanced the severity of some of the symp- 
toms. Similar observations have been re- 
ported by Edwards et al. (1958). 

On feeding graded quantities of rinc to 
chicks Zeigler et al. (1961) found that the 
requirement was 12-14 p.p.m., when a 
purified diet containing casein was fed and 
27-29 p.p.m., when the diet contained 
isolated soybean protein. Davis et al. 
(1962) reported that chicks fed a diet con- 
taining isolated soybean protein required 
43 p.p.m. of zinc for maximum growth 
and bone formation. Evidence was ob- 
tained by Kratzcr et al. (1959) that the 
turkey poult required approximately 60 
p.p.m. of zinc when supplied a diet con- 
taining isolated soybean protein. The re- 
quirement was greatly reduced by includ- 
ing the chelating agent, ethylenediamine- 
tetraacetic acid, in ^e diet. This finding 
was confirmed by Davis et al. (1962), using 
chicks as the experimental subjects. In 
the work by Zeigler et al. (1961) 1.000 
p.p.m. of zinc appeared to depress the 
growth of chicks at 26 days of age slightly 
but did not increase mortality. The esti- 
mated zinc requirements of chicks and 
turkey poults, given in the NAS-NRC 
“Nutrient Requirements for Poultry” 
(1960b) are 45 p.p.m. and 55 p.p.m., re- 
spectively (Fig. 6.4). 

Fluorine. No satisfactory evidence that 
fluorine is an essential mineral has yet 
been obtained. McClendon and Gershon- 
Cohen (1953) reported retarded growth 
and increase in dental caries in rats from 
fluorine deficiency but no one yet has 
been able to confirm these results. The 
value of adding 1.0-1.2 p.p.m. of fluorine 
to the drinking water for the prevention 
of dental caries in children, however, 
has been demonstrated. 

When appreciable quantities of fluorine 
are ingested by animals, harmful effects re- 
sult. These may not be revealed im- 
mediately as the toxic effects of fluorine are 



FIG. 6.4-Enlorged hocks In o turkoy poult 
coused by ttne deficiency. 


cumulative. The fluorine tolerance of 
chickens seems to be definitely higher than 
that of other species of farm animals. 

Halpin and Lamb (1932) showed that 
the toxic level of fluorine in the rations of 
chickens is between 0 035 and 0 070 pet 
cent. Excess fluorine resulted in retarded 
growth in young chicks and in lower egg 
production and loss of weight in laying 
hens. On the other hand, Hauck el al 
(1933) obtained evidence that the toxic 
level of fluorine, as measured by the 
growth of chicks, lies between 0.068 and 
0.136 per cent. Kick el al (1933) re- 
ported that the toxic level is between 0.036 
and 0.072 per cent. On feeding graded 
levels of fluorine to turkey poults eight 
weeks of age, Anderson el al. (1955) found 
that up to 400 p p.m. did not affect weight 
gains, feed consumption, or feed efficiency 
during the subsequent eight weeks. 

The Association of American Feed Con- 
trol Officials (1953) has recommended 
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that llic lluorinc conlciu of minerals or 
mineral miMurcs used in poullry Iccslslulls 
contain not more than O.CO per cent ot 
lluorinc, and that the total lluotinc con- 
tent ot poultry rations should not c>.cccd 
0.035 per cent. The Subconnirittcc on 
Fluorosis Problems ol the 
mittec on Animal Nuttitiott (N-AS-N “.u. 
lOCOal has sugjcstcil that the level ot lloo- 
tine be limited to 0.016-0.03 per cent ot 
the ration lot cltichcns. and 0.03-0.01 per 
cent tor tutkeys vvlten the lluotme is sop 
plied by soluble fluorides. The quantity 
in cliicken rations may be increased to 
O.OS-O.Ol per cent when the fluorine is sup- 
plied by phosphatic limestone ot rota 

’’ The fluorine Itaratd in poultry 
outside ol certain local areas, li r • 
largely to the use ol Quormc-conuimng 
mineral supplements. These minera 
It.- .itrr nf nhosphaic rock. 


liiiucrat suppjwuivMw. 
the different varieties ol pliospnaic 
the superphosphates producctl Irom ^ - 

and Ute phosphatic limestones. 
phosphates ordinarily contain Irom • 

4.0 cent lluorine, while 
phaie and phosphatic limestone 
contain appredably less. Heat . 
ol the raw rock phosphate 
phate is employed to remosc th 
from these products. Commeraa J 
fluorinated phosphate rock an F 
phosphate as now marketed 
uin as little as 0.02 to 0;03 cent of 
fluorine and come well witlun i 
of permissible fluorine content- , 
Selenium. Selenium has 
to be an essential miner . 

for Uie chick in work P^ter- 

ently by Scott el (il- (1957) 
son el el. (1957). Selenium 
prevent the development ot 
diathesis in chicks led a Toiu'a ye^^ 
deficient m vitamin E. unuci 
ditiorrs Patterson el al ‘ 

little as 0.3 p p.m. of ? juth- 

pletc protection against ^ a 

esis, while Scott cl ol- i„ pre- 

level ol 0.1 p.p.m. was effect 
venting the development of tn y 


Norris et at. (1957) reported Uiat no 
erowth stimulation or other effects from 
selenium \scrc obtained in cliicks fed 
a nurificil soybean protein diet containing 
adequate amounts ol vitamin E. Because 
of these findings, the inclusion of sele- 
nium in cliick rations seems unnec«sary 
and iKrhaps undesirable m view of evi- 
to' ohtalncdbyPolcyclal. (1941) and 
Carlson cl »!• (1951) 

onto, is tonic tor the cluck. 

' ■Irhis quantity ol selenium 

breeders. Poley and Moxon (1938) led 
laving rations containing 2.5, 5.0, and 10.0 
B ,m ot selenium. At the intermedia e 
rd-el lurtcltabilily was not appreaably 
affected hut some chicks had wiry dov«m 

The high level, however, reduced the 

hatclrahilily w rero, the dead 
bowing short upper beaks, ederna ol head 

s:t„:‘tdoS;"^har:c.e;;^ins 

the amount in the ration. ..QKCk oS. 
Molybdenum. Higgms el d. (1956) o 
fvidence, by resorting to the use 
^ In as a molybdenum antago- 

for tne g xanthine oxidase con- 

"■1"Tcl“ck tissues, Reid ct ttl. (1956) 
tent ol , tBBiybdenum stimulates 

also rci»,«ilr‘ H oLlts. Purifled diets 


'f'^l ScS and piults. Purifled diets 

growUiolchmk P .^,„tal work ol 

Rotators. Norris cl at. (1957) 
these in g .jggg) confirmed the re- 
1 Hiagrnfct .1 (1956) using tungsten 
suits “'g ;st Without the inclusion 
as an atiag urffied diet, a signifi- 

„£ iungs«n ' P j. j ^5„t was 
eant grovvth „ui,bdenum to a chick 

obtained by addi g^^^y soybean protein 

diet ® £ tiuc Increasing the zinc 

-rSre.'The“r?q»ir=menrol.he 



Alfalfa leaf meal, -luyo - 
Alfalfa meal, 17% . . 
Barley, excludmg Paciu 



^ai( from a compilatum F. W, llt\l. Univenily of CalifoTola. pavis. April, 1963. 
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chick for molybdenum when fed the casein 
diet was found to be less than 0.11 p.p.ni. 

Amounts of molybdenum of 100 p.p.m- 
or more have been shown by Arthur et al. 
(1958) to cause growth depression m chicks 
fed a practical diet containing 7.0 p-p-m. 
The depression was partially overcome at 
200 and 350 p.p.m. of molybdenum by 
addition of copper but not at 500 p.pjn- 
Davies et al. (1957) observed marked 
growth depression in chicks at 500 p.p.m. 
of molybdenum which was partially oyer 
come by supplementation with sodium 
sulfate. These investigators found an ane- 
mic condition associated with leve s o 
molybdenum in excess of 2,000 p.p.im 
Krauer (1952) partially overcame growth 
depression in turkey poults as we 
chicks, due to high levels of molybdenum, 
with added copper. 

WATER 

The simple chemical compound, water, 
is of unequalled importance in ^^e jne 
olism of all animals. Water holds tlm 
unique position in nutrition matmy 
cause of its physical properties. Due 
its solvent and polar properties, it 
a transport medium for all other 
and products of metabolism and - 

cell reactions. Because of its high speci 
heat it can absorb the heat of 
produced in the burning of carbohydra 
and fats with little rise in teroperatur . 
Water evaporates readily, removing many 
calories of heat from the body as a 
heat of vaporization. These and the 
other functions of water make it cvi 
why the animal body is able to exist rou 
longer without food than it can withoui 
Water. 

Importance of a continuous svater sup- 
ply for poultry. Unlike larger farm ani- 
mals. diickcns must have access to a con 


tuais, cluckcns must have actesa 
tinuous water supply since they drin' o ) 
a small amount at a time. An insuffiaen 


a small amount at a time. rt»‘ 
amount of water results in decrc 


growth and egg production. During 
iverely cold weather it U also necessary 
to male some provision whidt will keep 
the water warm. According to Beresford 
tl930V failure to warm the drinking 
vwtter for hens during cold weather results 
in lowered water consumption and re- 
duced egg production. Hammond (19M) 
hrobSed that a lack of water ouses 
the development of loose, shmy gittmd 
linings which accompany early, nonspecific 
mortality in turkey poults. 

The quantity of water needed W 
ens has been found to be related to the 
amount of some of the nutrients m the 
diet Heuser (1952) reported result m 
conennation of previous obseivations 
which showed that the quantity of water 
drunk by chicks is correlated directly with 
salt content ol the diet. Wheeler and 
lames (1950) observed a similar corre- 
Jatfon with protein content. Both m- 
creased water elimination, the foraer by 
SSsinTthe water content of the feces 
and the latter by inaeasing the total feml 

The’^ latter investigators also 
found that increasing the 
bean meal in the ration inaeased water 
intake and elimination. 

energy content and composition 

OF FEEDSTUFFS 

The metabolizable and 
energy content and the am^nt o 
lat, fiber, nitrogcn-ftee , fjej. 

end matter in ■’“addition, 

tSLto »Sun. and phospho™^ 

and several of ^“““''^'rfor vitamin 
eluded in the table. Values fo 
content are given in th P . 
mins. With this in *. 

ubie. together with data 
previous ones , J„,ation of satis- 

mation needed in the ion 
factory poultry rations. 
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7 

Vitamins and Vitamin Deficiencies 


The lem ■'vitamin" represents a hete^ 
gcneoul group oi fat-soIuble an 
wluble ticmical compounds, '“'hb’' 
nutrition, which bear no stwc u 
necessary functional relauonsh.p to 
other. All recognized vitamins, with we 
cscception of vitamin C, arc dietary 
Uah for poultry. Although the amou^ 
of the various vitamins needed tn P® 
diets range from parts per million dm n 
to pans per billion, cacli of t ic 
quiied in very ctacting amounts tor nm 
mal mciabolism and health. . 
function as integral part* of 

All appear to play various catal) c mlcs 

in the many chemical rcacuons ^ 
concerned ^n digestion. 
metabolism, anabolism, and 
within the animal body. viiimin 

A marked deficiency of a 
in the diet of the °‘",*'^*„f.,bolic 

rciulu in breakdown of tl*c is 

process in which that parucu a . , • ^ 
coiuerneil. This cause, a '“““"‘’‘SS 
Ji«asc which in “'"C sns ^ 
characternuc gross or cuy 

tlungcv In scscral instances a 


occur as a result of a deficiency of any one 
S^cvcral vitamins. Perosis, for examp c. 
occurs in )oung clucics or P<>“1“ 
diet is deficient in manpnese or m any 
one of the tollowiog vilamms; 
niacin, hioUn, or folic acid. Futtlictmote. 
Uic sympiomt and palhological clianges ^ 
scscra! didcrent vitamin delicicncici are 
scry similar in appearance. For caainplc, 
Ure gross change o[ eidier pamod.cn c 
acidS bioun deficiencies 
ilctnsaloses of die feet and of 'be areas 
around the raandiblp and die ‘ 

this irnunce, examination of the diet 
mighl be necessary to detenmne the came 

°*A,'^,fa'''ws'ds'^iaracterisiic head reuse- 
lions and consulsisc nsosemenu. has long 
Ucu associated with die snsium E dch 
fleiscv disease oi dliclu known as cnccph- 
aloiwlacia. Similar sjmploms also occur 
„ 2 rtaull of a scseie deficiency ol vitamin 
A in young ehiiU In ihii care h'ltological 

rgr=""uori;.“tc ^eicuiiuin 
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TABLE 7.1 

The Vitamin REQyiREiffiNTs of Poultry 
(Approximate amounts required per pound of diet) 




Chickens 



Turkeys 


Ducks 


0-8 wks. 

8-18\^ks. 

Laying 

Breeding 

0-8 wks. 

8-16 wks. 

Breeding 

0-8 wks 


1,200 

1,200 

2,000 

2,000 

2,400 

2,400 

2,400 

2,400 


90 

90 

225 

225 

400 

400 

400 



7 

? 

? 

10 

10 

8 


0 8 

Vitamin K, mg- . • 

0.4 

0.4 

0.4 

0 4 

0 8 

0 8 

0.8 

Thiamine (vit. Bi), 










0.8 

0.8 

0 8 

1 0 

0 9 

0 8 

1.0 


Riboftavin (vit. Bi), 

1.3 

0.8 

1.0 

1.7 

7 

5 

1.5 

1 8 
5.0 

Pantothenic acid, last 

4.2 

4.2 

2.1 

2 


5 

0 

Niacin, mg 

12 

10 

10 

12 

3S 

30 

15 


Pyridoxinc (vit. Bi), 








1.2 


3 


1.3 

2 0 


1.6 

0 


04 





0.05 

0,05 


Folic acid (Folacin), 

25 


0.11 


0 4 

0 4 

0 78 

0.4 

Choline. niE. ■ 

600 

450 

450 

450 

900 

800 

650 


Vitamin Bit, ■ 

004 

? 


0 002 

0 005 

0.003 

0.005 




which is not evident in chicVs suSering 
from the ataxU of vitamin A deficiency. 

Usually, after diagnosis of a specific 
vitamin defidency, confirmatory evidence 
can be obtained upon determining, by cab 
eolation or analysis, the viumin content 
of the ration that was fed to the chicken 
or turkey and comparing the level found 
with the known requirement for that 
particular vitamin. 

Therefore, anyone interested in vitamin 
deficiency diagnosis in poultry must not 
only be able to recognize the symptoms 
and lesions of vitamin deficiency diseases, 
but also must know the vitamin require- 
ments of the various classes of poultry at 
different stages of development, the vita- 
min content of the ingredients commonly 
used in poultry rations, and the metabolic 
d)sfunctions svhich may result from a 
deficiency of each of the known vitamins. 

Vitamin requirements of poultry. The 
minimum vitamin requirements of chick- 
ens, turkeys, and ducks are presented in 
Table 7.1. These values were taken in 
part from the report of the Committee on 
Animal Nutrition of the National Acade- 


my of Sciences — National Research Coun- 
cil (NAS-NRC) on the "Nutrient Re- 
quirements for Poultry" (1960). 

While all of the vitamins listed in Table 
7.1 axe needed by poultry, only those re- 
quire special attention in the formulation 
of poultry rations which are not present 
in adequate amounts in the cereal grains 
and protein supplements used in the 
rations. 

Vitamin A, vitamin D, and riboflavin 
are the vitamins most apt to be deficient if 
special attention is not given to provide 
them when the feed is formulated. Re- 
cently, however, due to continued extrac- 
tion and purification of many common in- 
gredients, and due to the tendency to owit 
anima] proteins and high-fiber ingredients 
such as alfalfa meal and wheat mill by- 
products, the amounts of several of the 
otficr vitamins have decreased to levels 
which are sometimes deficient. These arc 
vitamin E, vitamin K, pantothenic acid, 
vitamin niacin, and choline. 

Vitamin content of poultry feed ingre- 
dients. The vitamin contents of the com- 
mon poultry feed ingredients are presented 
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TABLE 7.2 

The Vitamin Content op Poultry pEEDSTUfK 


Pantothenic 

Add 




Barley 

Corn, yellow .... 

Hominy feed, yellow . . 

Milo 

Oats 

Wheat, soft . 

Wheat, hard . . • 

Flour middhngs . . . • 
Standard middlings 

Soybean oil meal, 50% 
Soybean meal, 44%. 

Com gluten meal . 

Fish meal, menhaden . 

Fish solubles . . . 

Meat scraps, 55%. - 

Meat and bone scrap, 50%. 
Liver and gland meal . 

Brewers dried yeast 

Com distillers solubles . 
Slum milk, dried . . 

Whey, dried . . 

Alfalfa leaf meal . 

Alfalfa meal 

Vitamin feed oils . 

StabiUaed vitamin A 
supplements . . 


in Table 7.2. Values are 
of the vitamins that are pres 
sidered to be important m the o 

this table 

to calculate the vitamin content 
poultry rations when these ooality 
made up ot ingredient, of »v«agc q»al«y- 

Poor quality S!c‘aniount, ol 

not be expected to supply 
the vitamins listed in ’ usually 

Present-day poult^ « J adequate 

formulated to contain m . jjjtcd in 
amounts of all of the vi marcins of 
Table 7.1 in order to ibk losses 

safety to compensate lo fransoortalion, 
during feed processing. 
storage, and for 'ftiatw ^ conditions, 
position and environm 


(gm/lb) 


4 0 
17 
2 2 


Vitamin 

Bii 


(^g/ib) 


(LU./lb) 

2,000 

5,000 


1.000. 000 to 

2 . 000 . 000 

2.000. 000 to 

150. 000. 000 


][ a deBciency should ocoir, it is usually 

doe either to the inadvertent omtssiono! 

a critical ingredient during mixing of the 
teed or to the desuuction ot one “t 
„t the vitamin, during processing ot that 
ingredient. The vitamins which 
prone to suiter desttuo.on are the fat- 
roluble vitamins. A, D. and E. Under 
very severe conditions of processing 
storage, thiamine and/or pantolhemc acid 
m?, destroied. The special consider. 
Sn, in regmd to each vium.n w.H 
follow. 

VltAMIN A AND VITAMIN A DEFICIENCT 
Viumin A i, essential i", 
not only tor growdr but also for ^1.““” 
vision and for maintaining the J 

of the mucous membrane. Since l is m 
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brane composes the epithelium lining 
all of those canals and cavities of the body 
which communicate with the external aiif 
such as the alimentary canal and its 
branches, the respiratory tract and its con- 
nections, and die genito-urinary tract, these 
are the areas in which lesions of vitamin A 
deficiency may be detected, either grossly 
or histologically, depending upon the de- 
gree of the deficiency. 

Chemical nature of vitamin A. Vitamin 
A is a fat-soluble, unsaturated, primary 
alcohol containing one beta ionone ring 
and a long side chain composed of a series 
of isoprene units containing conjugated 
double bonds. The empirical formula is 
CjoHjgOH. Because of its conjugated sys- 
tem of double bonds, vitamin A is very 
easily oxidized unless precautions are taken 
to prevent its destruction. Quackenbush 
et al. (1942) and othen have shown that 
vitamin £ and other natural antioxidants 
in feeds are essendal for the protection of 
vitamin A. On the ocher hand, Sumner 
and Dounce (1939) point out that certain 
legumes, particularly soybeans, contain an 
enzyme known as carotene oxidase, which 
readily destroys the carotenes and xantho- 
phylls, and probably also destroys vitamin 
A. Proper heat treatment of soybeans, 
however, should destroy this enzyme. 

In view of the difficulty in being assured 
of adequate vitamin A in poultry and 
livestock feeds, modern producers of vita- 
min A supplements have undertaken a 
great deal of research on methods of sta- 
bilizing this vitamin. They have succeeded 
in greatly enhancing the stability of vita- 
min A in two ways: (1) by mechanical 
means, wherein minute droplets of vitamin 
A are enveloped in a stable fat, gelatin, 
or wax, forming a small bead which pre- 
vents most of the vitamin A from coming 
into contact with oxygen until it is di- 
gested in the intestinal tract of the animal; 
and (2) through the use of effective anti- 
oxidants which markedly prolong the in- 
duction period which precedes active 
oxidation of vitamin A, thereby allowing 
the vitamin A to be consumed by the 


animals before this oxidation takes place. 
The chief antioxidant in current use 
is 6-ethoxy-l,2-dihydro-2,2,4-trimethylquin- 
oline (ethoxyquin). 

Otxurrence. Vitamin A is found only 
in animal tissue, where it is stored largely 
in the liver. Although cod liver oil is the 
most noted source of vitamin A, the 
livers of shark, tuna, halibut, and many 
other salt-water species are rich sources of 
this vitamin. It occurs both as the free 
alcohol and esterified with various organic 
acids. Vitamin A, usually as acetate and 
palmitate esters, is also produced syn- 
thetically in this country on a commercial 
scale. The livers of fresh-water fish con- 
tain a biologically active derivative of vita- 
min A which is known as vitamin Aj. Syn- 
thetic and natural vitamin As possess 
approximately 30 to 40 per cent of the 
biological activity of vitamin A for poul- 
try. 

Pro-vitamins A. Since animals do not 
have the ability to synthesize vitamin A, 
all of the natural vitamin A found in body 
tissues arises originally from precursors of 
vitamin A which are synthesized by green 
plants and stored in the green leaves, 
fruit, and yellow seeds of these plants. 
These precursors are known as carotenoids. 
AH carotenoids which are precursors of 
vitamin A contain within their structure 
at least one complete vitamin A unit with 
the exception of the alcohol functional 
group which is attached to the vitamin A 
moiety by the animal during absorption 
and degradation of the carotenoid in the 
intestinal wall of the chick, poult, or other 
animaL The most abundant precursor of 
vitamin A in nature is beta-carotene which 
contains two vitamin A moieties attached 
to each other. The evidence on the metab- 
olism of beta-carotene indicates, however, 
that one end of the beta-carotene molecule 
is destroyed in its conversion to vitamin A, 
thus allowing only one molecule of vitamin 
A from each molecule of beta-carotene 
(Glover and Redfeam, 1954). Beta-caro- 
tene is the predominant carotenoid found 
in green leaves of legumes such as alfalfa 
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■ clover and also in green grasses and 
.reen vegetables. The other vitamin A 
piecursoi of importance in poultty num 
tlon is cryptoxanthin which is the carote- 
noid present in yellow 0°™- . 

The xanthophylls. In addiuon to the 
vitamin A precursois present in green and 
yellow plants, these materials also contain 
a number of vitamin A inactive chmiral 
substances closely related to the vit^in 
A precuisots. These substances 
collectively as the xanthophylls. 
phylls are absorbed by poultry and are de_ 
Uited in the eyes, bealts, shan^. adipMe 
tissue, and in the egg yolks. The vi 
A inactive xanthophylls, mainly 
leaxanthin, together with the vi 
precursor, cryptoxarithin, ate largely > 
sponsible tor the pigmentation of chick 
ens, the color in the iris of the ey . 
yellow color of the yolks. Gangu y ■ 
(195S) showed that beta-carotene is not 
deposited as such in the di"';'". “ 
eggs. Although lutein and zeax v.vils 

ntfvitamin A activity, these k’dihophvlb 
may act, to some extent, as antioxidentk 
and thereby help to preserve vitamin A 
and its precursors. 

Vitamin A requirements of poultry, 
vitamin A requirements of ® . 

NAS-NRC (1960) are given in Table 
In arriving at these requirements, the 
committee on Poultry Nutrition of 
NAS-NRC Committee on Animal NU 
tion has considered over 25 reports ol » 
search work on the vitamin A require 

of poultry. A review of these lepor 
that the vitamin A requirements listen 

Table 7.1 were determined with 
-r V .... „,.,e./-innv "Re 


Table 7.1 were determinen wiA 
of fish liver oils, especially R® . 
cod liver oil, as the sources of 
In recent research by Hill et fl • ' 
it was shown that when 
mercially stabilized vitamin A p F 
rations are used, the vitamin A req 
ment of laying and breeding hens app 
mates 1.200-1,600 l.U. of vitamin A l* 
pound of ration, and the vitamin 
quirement of starting chicks is no 
than 600 I.U. per pound of ration. 


results indicate that the true vitamin A re- 
quirements of all poultry are ““■deraUy 
less than previously believed, and that the 
higher apparent requirements are due to 
oridTtive destruction of a large portion of 
S viuntin A when nnstabilired fish ods 
are used in the course of determtmng the 
vitamin A requirements. 

^* 1 X 111 chickens. When adult chickens 
nlaced on a diet severely deficient in 

-S^5=‘th»-q 

^rthfchie^rXecoi e" 

roXnd1Sirfe«her.-^ 

?fi?ir2r= 

•SSaSifSs 

"'Sj.r£,"s5" 

a vitamin A-deficient 

were ^^eny^of hjns 

ceiving a diet Iw in ^ progeny of 
other hand, if ^^ounts of vita- 

hens receiving adequ j vitamin 
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devoid of vitamin A. This is due to the 
fact that hens receiving adequate amounts 
of vitamin A store large quantities in their 
eggs which consequently provide the day- 
old chick with sufficient reserves to last 
for an extended period. 

Vitamin A deficiency symptoms in chicks 
are characterized by a cessation of growth, 
by drowsiness, weakness, incoordination, 
emaciation, and ruffled plumage. If the 
deficiency is severe, the chicks show an 
ataxia not unlike the ataxia of vitamin E 
deficiency known as encephalomalacia or 
crazy chick disease (Adarastone, 1947: 
Hill et at., 1961). A better understand- 
ing of the cause of ataxia in vitamin 
A-deficient chicks may arise from the dis- 
covery by Woollam and Millen (1955) 
that one of the earliest signs of deficiency 
is an increased pressure of the cerebro- 
spinal fluid. The yellow pigment in the 
shanks and beaks in breeds of chickens 
that usually contain diis pigment is lost, 
and the combs and wattles of the chicks 
are usually pale. In acute vitamin A de- 
ficiency, lacrimation may occur and a 
cheesyltke material U seen under the eye- 
lids. Xerophthalmia is a definite symptom 
of vitamin A deficiency, but all chicks do 
not exhibit this symptom, because in the 
acute deficiency they often die of other 
causes before the eyes become affected. 

Turkeys. The vitamin A requirements 
of turkeys are given in Table 7.1. The 
length of time required to produce vitamin 
A deficiency in poults is similar to that 
required for chicks and depends upon the 
amount of vitamin A carried over from 
the hen through the egg to the poult at 
hatching. Usually vitamin A defidency 
symptoms appear in about 4 weeks. If 
continued on a vitamin A-deficient diet, 
the turkeys will all die in about 6 weeks 
(Hinshaw and Lloyd, 1934; Stoewsand and 
Scott, 1961). Symptoms and lesions of vita- 
min A deficiency in the turkey are de- 
scribed in Chapter 41. 

Vitamin A and bone development. Ac- 
cording to Wolbach and Hegsted (1952. 
1953), vitamin A deficiency in young ducks 


causes marked retardation and suppression 
of endochondral bone growth, and excess 
vitamin A produces an acceleration of this 
bone development. This may be due to 
alterations in the alkaline phosphatase 
content of the epiphyseal junction of the 
bone in ducks similar to tliat which was 
shown by Ludwig (1953) for vitamin A 
deficiency and hypervitaminosis A in rats. 
The studies reviewed by Wolf and John- 
son (1960), however, indicate that effects of 
vitamin A upon bone development may be 
secondary to its effects upon mucopoly- 
saccharide biosynthesis in cartilage and 
connective tissues. 

Vitamin A and internal egg quality. 
Bearsc et at. (1955a) reported that the 
incidence and severity of blood spots in 
eggs of two different strains of White Leg- 
horn chickens was progressively inaeased 
as the level of vitamin A in the diet of 
the hens was deocased. Recent experi* 
menu conducted at Cornell University 
(Hill et at., 1961) confirm the finding 
that blood spots are increased in number 
and severity when hens are fed vitamin A- 
deficient dieu. However, these studies 
showed that the amount of vitamin A 
required to minimize blood spot incidence 
is not higher than the vitamin A require- 
ment for good production and health of 
die laying hens. Certain strains of chick- 
ens show a fairly high incidence of blood 
spoU in dieir eggs which cannot be im- 
proved by increasing the vitamin A level 
in the diet above that needed for satis- 
factory egg production and health. 

Vitamin A, intestinal coccidiosis, and 
other intestinal parasites. Davies (1952) 
found that in chickens receiving adequate 
vitamin A in the form of natural sources 
of beta-carotene and cryptoxanthin, in- 
fecting one group with intestirtal coc- 
cidiosis caused a reduction in liver stores 
of vitamin A such that the infected birds 
had less than 10 per cent as much liver 
vitamin A as the uninfected controls. 
These results were confirmed by Erasmus, 
Scott, and Levine (1960), who showed 
that although the severity of experimen- 
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'Iv-mduced coccidiosis was similar in 
-;,-'ks receiving minimum requirements oi 
vitamin A as compared to chicks receiving 
higher levels o£ the vitamin, recovery ot 
surviving chicks, as measured by improved 
appetites and growth rates win enhanced 
afthe level o£ vitamin A in the diet was 
increased up to a level equivalent to ten 
times the minimum requirement unaer 
normal, nonstress conditions. 

Ackert and associates (1931) reported 
that vitamin A-deficient chicks showed 
significantly larger numbers and 
intestinal roundworms (Ascartdia Un ) 
than were found in comparable chicks r^ 
ceiving adequate vitamin A. 
has been aitidted on the basis that it ■ 
very difiicult to determine total numbera 
o£ roundworms in the intestinal tract M 
chickens and that the number may vary 
considerably £rom day to day. 

Pothology , . 

Adult chickens. According to Setlrie 
(1930a), when adult chickens are placrf 
on a diet lacking vitamin A, lesions 6nt 
appear in the upper alimentary trac 
are largely confined to the mucous S 
and their ducts. The ““ 

becomes replaced by a stratified squa 


keratiniiing epithelium which blocks the 
ducts o£ the mucous glands causing them 
to become distended with secretions and 
necrotic materials. Small, white pustu es 
are found in the nasal passages, mouth, 
esophagus, pharymt, and may extend into 
die The pustules may range in site 

from microscopic lesions to 2 mm. 
eler (Fig. 7.1). As the vitamin A deh 
dScy progresses, the lesions become 
Sot and ie raised above the surface of 
tbe^ucous membrane and show a depres^ 
rionl the center. Small ulcers surrounded 
bv inflammatory products may »PP=“. “ 
the site o£ these lesions. This condition 
cLely resembles certain stages of fowl 
Dox and the two conditions can be differ 
enti’ated only by microscopic examination. 
Due to the breakdown of the ™ 

cons membrane, bacteria, 
«ueslrrr body! thereby 
o^Sudng infections which are seconta^ 

“rticls. Voung chicks suffering from 
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o£ fine white lines. These are tlic renal 
tubules filled with white urates. In ex- 
ueme cases, even the ureters are filled with 
urates. According to Elvchjem and Ncu 
(1932), the blood le\el of uric acid increases 
from a normal of about 5 mg. to as high as 
44 mg. per 100 cc, of whole blood during 
severe vitamin A deficiency. Deposits of 
urates have been found on the heart, peri- 
cardium, liver, and spleen of allcctcd birds. 
Elvehjem and Neu found that vitamin A 
deficiency does not disturb uric acid 
metabolism, but injures the kidney in suds 
a way as to prevent normal excretion of 
uric acid. 

The clinical symptoms and pathological 
lesions of vitamin A deficiency of the res- 
piratory tract are variable, anti it is dilB- 
cult to differentiate this condition from in- 
fectious coryza, virus diphtheria, and infec- 
tious tracheal bronchitis (Deacli, 1924; 
Seifried, 1930b). In vitamin A deficiency, 
thin membranes and nasal plugs appear 
but are usually limited to ilie deft jplate 
and its adjacent epithelium. They may be 
removed easily without bleeding. Accord- 
ing to Seifried, tliis is not true in virus 
diphtheria. Atrophy and degeneration of 
the respiratory mucous membrane and its 
glands occur. Later the original epithelium 
is replaced by a stratified squamous, kera- 
tinizing epithelium. In the early stages of 
vitamin A deficiency in chickens, the tur- 
binates are filled with seromucoid water- 
clear masses, which may be forced out of 
the nodules and deft palate by the appli- 
cation of slight pressure. In die early stage 
of the disease, die vestibule becomes 
plugged and overflows into the paranasal 
sinuses. The exudate may also ^ forced 
through the deft palate produciry; a white, 
or slightly yellow, caseous mass which fills 
the sinuses and other nasal cavities. This 
causes a swelling of one or both sides of 
the face. After the sinuses have filled, the 
tear ducts become oeduded. The eyeball 
is pressed against the frontal bones and is 
sometimes forced out to the side because it 
cannot move in a ventral direction. Upon 
removal of the inflammatory products, the 
mucous membranes of the nasal passages. 


sinuses, mouth, and throat appear thin, 
rough, and dry. Unattadied masses of 
caseous nuntcrial often form in the deft 
palate and in the mucous membranes of 
the roof of the mouth. 

Lesions in the larynx and tradiea of vita- 
min A-dcficicnt chickens occur both in the 
early and in the later stages of ilie disease. 
Near the entrance of die plurynx, the 
lesions consist of pustulclikc patches of 
white, caseous material. Caseous and 
crumbly white masses often appear in the 
mucous membrane on the ventral side of 
tlie anterior end of the larynx, and in the 
pointed angle wliich is formed by the carti- 
lage of the larynx. rrc(|ucntly, similar le- 
sions may be found in the trachea and 
bronchi. In the early stages these may be 
difficult to see. As the condition progresses, 
the mucous membrane is covered wiili a 
dry. dull, and fine film, whidi is slightly un- 
even. whereas (he normal membrane is 
even and moist. In some cases, smalt, nod* 
uielikc particles are in or beneath the 
mucous membrane in the upper part of 
the trachea. These lesions are mudi more 
striking in tlie latter stages of tlie deft* 
dency and may then be seen easily with 
the naked eye. The formation of a thin 
membranous covering over die mucosa of 
the tradtea and bronchi is a symptom of 
vitamin A deficiency, but is often mistaken 
for die symptom of infectious tracheitis 
(Fig. 7.2). The smaller bronchi often be- 
come completely oeduded by these mem- 
branes. As a result, in some cases the most 
marked changes appear in the larynx, 
while in others these appear in die tradiea. 

Histopothology 

The first histologic lesion of vitamin A 
deficiency is an atrophy of the cytoplasm 
and a loss of the dlia in the columnar 
dilated epithelium (Seifried, 1930a). The 
nuclei often present marked karyorrhexis. 
A pseudomembrane, formed by the atro- 
phying and degenerating ciliated cells, 
may hang as tufts on the basement mem- 
brane; later dicse are sloughed. During 
this process, new cylindrical or polygonal 
cdls may be formed either singularly or in 
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pairs, and appear as 
epilhelium. These new 
and more numerous, and their nuclei 
come larger and contain less chromatin as 
they develop. The cell boundanes bemme 
less clearly defined; finally, the columnar 
dilated epithelial lining o£ the 
brondii, and submucous glands 1““^ 
transformed into a squamous, s ' 

keratinizing epilhelium (Fig. 7-3)' Sedri^ 
(19S0b) concluded that this process is no 
rdaicQ to bacterial infection. _ 

The nasal cavities and “““'“'.'““.S 
sinuses show essentially the same epi . 
lesions as the trachea. All u an 

aviiies are usually involved. c • j 

inaeased proliferation of the . . 
epithelial cells in the gland-free par 
nasal vestibule. A true keraumiation, sun 
lar to tliat found in the trachea, appe 
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c^ty amr“ na'sal giand and 

logical '“““'“.“uV/ serves as the most 

nasal passages ol eh, ck 

sensiiive indicator oi streiv ng 

cieneies ol vitamin A. I 

borderline deficient^ in basic 

show lesions «''■*. ''rv^rity, those de- 
character, bu MQSObl for a complete 
scribed by S'‘‘,' '^ii'rThc specific lesion 
ySAitz-i^ncv of vitamin a. r . — 
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epithelium with inflammatory or obstrue* 
tive changes secondary in nature. The 
metaplastic changes are hrst noted, micro* 
scopically, near the mucocutaneous junc- 
tion in the septum or the medial convexity 
of the anterior turbinate. 

Further evidence that vitamin A is di- 
rectly concerned with the differentiation of 
the mucous membrane was obtained 
by Fell and Mellanby (1953), who 
showed that explants of chick ectoderm, 
when grown in a tissue culture supple- 
mented with a high level of vitamin A, 
failed to develop into typical keratinized 
epithelium Instead, the cells differ- 
entiated into mucus-secreting, often dilated 
columnar epithelial cells, resembling those 
of the nasal mucosa. Kahn (1954) ex- 
tended these findings by showing that 
added vitamin A prevents keratinizaiion 
that othertvise occurs in explants of rat 
vaginal epithelium. 

Lesions in the glands of the tongue, 
palate, and esophagus are very much the 
same as those found in the respiratory 


tract (Seifried, 1930a). The early lesions 
occur in the collecting spaces and ducts 
and may appear first in tlie maxillary and 
submaxillary glands (Fig. 7.4). As the 
disease processes, the collecting spaces be- 
come filled with masses of mucus, de- 
generated cells, and inflammatory products. 
The epithelium extends into the ducts, 
which become partially filled with the strat- 
ified. keratinized epithelium, and more or 
less complete occlusion results (Fig. 7.5). 
Desquamated cells from the newly formed 
stratified epithelium become more and 
more numerous. The glands become 
smooth and distended, although originally 
they were sacs with invaginations. These 
distended sacs finally become completely 
filled with stratified keratinized epithelial 
cells. Seifried believes that these lesions 
are responsible for the fact that bacterial 
infections are more prevalent in the mouth 
cavity than in the crop and esophagus 
during avitaminosis A. 

Adamstone (1947) conducted investi- 
gations to differentiate, by histologic 
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citric acid metabolism, since Steenbock and 
Beilin (1953) and Beilin et al. (1954) 
showed that vitamin D increases the 
urinary excretion of citrate and the citrate 
content of bone, blood, kidney, heart, and 
small intestine, but not of the livers of rats 
fed normal or rachitogenic diets. Steen- 
bock and Herring (1955) concluded that 
vitamin D is required for growth and for 
normal functioning of citric add metabo- 
lism, independently of its effects upon bone 
calcihcation. 

Chemical nature and occurrence. Vita- 
min D is the general term applied to a 
number of fat-soluble sterol derivatives 
which are active in tlie prevention of tick- 
ets in animals. Although there are numer- 
ous chemically distinct forms of vitamin D, 
when measured by Utelr capacity to prevent 
or cure rickets in rats or oUier mammals, 
only one form, activated 7-dehydro<hole$- 
terol (vitamin Dg). has been found to 
have an appreciable effect in die preven- 
tion of rickets in poultry. 

Vitamin Dg is produced by irradiation of 
7-dehydro-cholesterol with ultraviolet light, 
either from the sun or from an arti- 
ficial source. It is synthesized by aninuls 
and is found in the skin, butter fat, egg 
yolk, fish oils, and other lipids throughout 
the animal body or its products. According 
to Koch and Koch (1941), the skin of the 
legs and feet of poultry contains about 
eight times as much provitamin Dg as the 
body skin. Spectrophotometric exami- 
nation of ether extracts from leg skin 
showed the presence of 7-dchydro-choles- 
terol in relatively high amounts. In contra- 
diction of the claims of Hou (1928, 1931) 
the preen gland contained very litile, if 
any, provitamin D,. Upon being pro- 
duced on the skin surface by irradiation, 
vitamin Dj is absorbed through the skin 
and transported to the liver by the 
blood and stored there for future use. 
Thus tuna, halibut, and other liver oils 
are rich in vitamin Dg. However, in poul- 
try rations the chief source of vitamin Dg 
arises from the commercial separation and 
irradiation of animal sterols known as "D- 


activaled animal sterols.” From these, feed 
supplements of guaranteed potencies are 
prepared. 

Vitamin Dg, which is effective for most 
mammals, is not a satisfactory antirachitic 
vitamin for poultry. Vitamin Dg is pro- 
duced by the irradiation of the plant sterol, 
ergosterol. Bethke et al. (1936) found 
slut vitamin D from cod liver oil was ap- 
proximately 10 times as active, on a rat 
unit basis, as irradiated ergosterol for egg 
production in hens maintained in strict 
confinement. Dihydrotachysterol has been 
shown fay McChesney (1943), Fritz et al, 
(1945), and Motzok et al, (1946) to possess 
antirachitic activity for chicks. However, 
tlie activity of this compound is somewhat 
less than that of vitamin Dg. Cod liver oil 
and other fish liver oils appear to contain 
mixtures of antirachitic sterols. Therefore, 
these oils usually are not as active for 
poultry as vitamin Dg (Singsen and Aficch- 
ell. 1945) when measured in equivalent 
doses of rat-acrive vitamin D. Boucher 
(1944) showed tliat in turkey poults, 
irradiated animal sterols and irradiated 7« 
dehydro-cholesierol were approximately 
twice as active as the vitamin D from refer- 
ence cod liver oil or fortified sardine oil 
when fed on the basis of their A.O.A.C. 
unit potencies. 

The International Unit of vitamin D 
is represented by an antirachitic activity 
for chicks equivalent to that of 0.025 micro- 
gram of crystalline vitamin Dg. In convert- 
ing the older A.O.A.C. unit of vitamin D 
activity for chicks to International Units, 
tlie A.O.A.C. units must be reduced 25 
per cent. 

Vitamin Dg, like vitamins A and E, is 
unstable. Although Baird et al. (1939) de- 
tected no vitamin D destruction in a mixed 
feed stored at summer temperatures for 32 
weeks, Norris el al. (1929) reported that 
die addition of cod liver oil to finely di- 
vided feed mixtures at the minimum 
protective dosage resulted in a material 
destruction of vitamin D, when the feed 
was stored at room temperature from 
12 to 16 weeks preceding consumption. 
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a D-activated animal sterol 
■ supplement was premixed with 
iCl and CaCOs and stored for 3 weclts. 
of the vitamin D was destroyed 
•Milby and Thompson, 1943). Tritz el al. 
(1942) showed that vitamin D P'™'™ 
with oystershell flour, dried whey, n 
skim i or mineral mixtures also tot 
most of its activity within one 
Miller el al. (1942) found that although 
0.5 per cent MnSO, added to a ptttnix <A 
9 per cent cod liver oil on bran cause^ 
struction of both vitamin A and vitamin D. 
there was no destruction in a finished fe^ 
with or without the addition or 
MnSO* per ton of feed. Although most 
mixed feeds apparently contain 
vitamin E and other natural anuoxidanu 

to prevent destruction of vitamin u, 
now appears practicable to use small 
amounts of the synthetic antioxidant, 
cihoxyquin, to further protect the vitamin 
D potency of poultry feeds. 

Vitamin D requirements of 
vitamin Dj requirements of poultry 
upon the sources of phosphorus m 
ration, the amounts of and the ra lo 
calcium to phosphorus, and the exien 
exposure to direct sunlight. ^ . 

{192S). Mussehl and Bancroft (1925). and 
Hcuscr and Norris (1929) showed that i * 
to 45 minutes of sunshine, daily. . 

cicnt to prevent rickets in growing * . ' 
and that no further improvemen 
growth were obtained under these con 
lions by adding cod liver oil- 
The vitamin D requirements of 
presented in Table 7.1, are 
high lo produce normal growth, ca a 
lion, production, and reproduction m 
absence of sunlight, provided that the 
contain the recommended levels of ca o* 
and asailable phosphorus. The 
mcnis of turkeys for vitamin D are c 
sidcrably higher than Uie requirements o 
chickens, alUiough studies on the . . 
B requirements of turkeys bji'e 
conflicting results. Some studies 
dicated turkey requirements ‘o * 
higher than those given in Table 


Furlher research is needed to de“itorm 
the reason for the very high vitamin D re- 
quirements of turkeys as compared 
diickens. 


'TCTc thickens. According to Hngh« 

2 to 3 months after they are deprived 

v«-‘” ?• ,2:itrort°.ireiw --I 

SSlS e^"d soon afterward 
w fmaSed^icrease In egg producuon. 
^,’a.chTbSry Is also .-narkedW reduced 
This Is due, according lo Hart ei m- 
n925a) to a lack of calcium in the cm- 

loss of use of the le^. . , gg, pur* 

laying an leg .^^akness, 

tnfshor S “cterisdc posture 

-"-Klkhlman^dClr'fli- 

Till, produces a characterisuc 

Crf curJ;! of L ribs along die sides of 

the thorax. rptarded growth. 

Chicks, In addinon to rotmd 

die first sy®P,fo“ . j,,!, charactetiied 
in chicks IS rickets. 
by a severe weakness of die ‘ep 
Jjld claws “‘"f^'S'rLks of 

usually appears e w obvious effort 

The ducks walk 1 ui 
and take only a ieu^xin they 

sqnatung on slightly 

but at the ‘.“r ‘d^ a lack «I 
from side tu side, indto g ,„tberii.g 

pleie sense of 'V-fl”' hire (Glarener 

is poor and in , c Q^pinglon X lUii^c 

e, ol., 1946) “?d iSd, 1919) ducks. 

Island Red . „[ die lead “ '■ 


...and Red (“>1' “fdie feadicn is 
an ahnoimal hUih' g defidcncy- !!“<■ 
obuined in viiamm u 
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Plymouth Rock chicks fed vitamin D-de- 
ficient rations, however, showed all of the 
symptoms of rickets, but did not show 
blackening of the feathers. 

In chronic vitamin D deficiency, marked 
skeletal distortions become apparent. The 
spinal column may bend downward in the 
sacral and coccygeal region. The sternum 
usually shows both a lateral bend and an 
acute dent near the middle of the breast. 
These changes reduce the sire of the thorax, 
with consequent crowding of the vital 
organs. 

Turkeys. Vitamin D deficiency in tur- 
keys is described in Chapter 41. 

Pathology 

Mature chickens. In hens receiving a 
deficient amount of vitamin D, the char* 
acieristic changes observed on postmortem 
are confined to the bones and parathyroid 
glands. The bones are soft and break 
easily. Well-defined knobs are present on 
the inner surface of the ribs where the 
sternal portions join the vertebral portions. 
Many of the ribs show evidence of spon- 
taneous fracture in this region. Skeleul 
changes also appear in the vertebral 
column, pelvis, and sternum. Histological 
sections of the leg bones show a deficiency 
of calcium and an excess of osteoid tissue. 

Chicks. The most characteristic internal 
signs of vitamin D deficiency in cliicks are 
a beading of the ribs at their Junoure with 
the spinal column and a bending of the 
ribs downward and posteriorly (Fig. 7.6). 

Poor calcification can be observed at 
the epiphysis of the tibia or femur. By 
dipping the split bone in silver nitrate solu- 
tion and allouing it to stand under an in- 
candescent light for a few minutes, the 
calcified areas are easily distinguished from 
the areas of uncalcified cartilage (Fig. 7.7). 

Hyperviiaminosls D. Very high levels of 
vitamin D^, 2,000,000 I.U. or mote per 
pound of diet, cause renal damage. This 
is due to calcification of the kidney tubules, 
and usually calcification in the aorta and 
other arteries, especially the blood vessels 
of the spleen (Seifried and Heidegger, 



fl6. 7.6 — kick»li In ih« chicktn, showing se- 
vere beoding and cvrvolwre of the ribs ond 
spinal column. 


1935; van Niekerk and Franken, 1937). 
Irradiated ergosterol (vitamin D^) at high 
leveh also is toxic to dtickens (Hall and 
King, 1931: Bethke el al., 1936). 

Froliclt (1954) reported that vitamin D*. 
at levels of 290 and 640 I.U. per pound 
of diet, inhibited growth in vitamin Big 
deficient chicks. Addition of adequate 
vitamin Bjg to the diet caused maximum 
growth at both levels of vitamin D, whidi 
was superior to that obtained with 90 
I.U. of vitamin Dg per pound of diet in 
the presence of adequate vitamin Big. 

Vslamln D and hormones. Vitamin Dg, 
at a level in the diet which was 10 times 
(hat required for prevention of rickets, 
caused increases in the linear measure- 
ments and weights of the combs, wattles, 
and gonads in New Hampshire cockerels 
at 14 and 18 weeks of age as compared to 
the measurements and weights of these tis- 
sues in cockerels of equal body weight re- 
ceiving the minimum antiraclvitic dosage 
of vitamin Dj (Buckner et ai, 1951). 

Landauer (1954) found that estrogen 
treatment of vitamin D-deficient cockerels 
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’'’Kh daily intramuscular injections ol 2 
“g- of estradiol benzoate prevented loss of 
owscular control and reduced the severity 
” rickets, but had no effect upon the en* 
wtgement of the parathyroid glands during 
a 57-day experimental period. 

McGinnis et al. (1947) found that the 
^normal feather pigmentation in vitamin 
•deficient New Hampshire chicks could be 
fueled by thyro-active compounds and 
'CJhyhtilbestrol. lodinated casein tended 
° !”°'^3se the amount of black pigment, 
’* de thiouracil or diethylstilbestrol de- 
deposition of black plgmcot- 
^ IToid hormone has been shown by 
yutteridge and Novikoff (1947) also to be 
‘ntcnelatcd with vitamin D in the improve- 
ment of eggshell strength. 

teatmeot of vitamin D deficiency. 
/°oper et al (1942) found that the feed- 
of a single massive dose of 15.000 I.U. 
Mlamin D 3 cured rachitic chicks more 
when generous levels of the 
or^/” added to the feed. This single 
for P’’®f^ctcd cockerels against rickets 
Period oE 8 weeks, and pullet chicks 
."^cks. In giving massive doses to 
cliicks, it should be remembered 
viiamin D can be harmful. The 
should be scaled to the degree of the 


deficiency and the amount of vitamin D 
added to the feed should not be excessive 


VITAMIN E AND VITAMIN E DEFICIENCY 

Vitamin E deficiency produces en- 
cephalomalacia, exudative diathesis, and 
muscular dystrophy in chicks, enlarged 
hodts, and dystrophy of the gizzard muscu- 
lature in turkeys, and muscular dystrophy 
in ducks, it is also required for normal 
embryonic development in chickens, tur- 
keys, and probably ducks. Prolonged vita- 
min E deficiency produces testicular de- 
generation and lack of fertility in male 
chickens. 

Although the metabolic action of vita- 
min E is not known. Goldstein and Scott 
(1956) showed that the albumin level is 
markedly reduced in the plasma of vita- 
min E-dcRcient chicks. Creatine excretion 
is increased and muscle creatine levels are 
decreased in vitamin E-deficient chicks and 
poults. . . 

In its alcoholic form, viiaram E is a very 
effective antioxidant. In Uiis ^ 

an important protector in 
sential falty acid. anJ olhcr hig y 
amrated fauy acds a. well 
vitamin D,. the carotene,, , 

phylls. Recently selenium, at le'el 
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to 0.1 p.p.m., has been shown to prevent or 
cure exudative diatliesis in vitamin E-de- 
ficient chicks (Scott et al., 1D57: Schwarz 
et al., 1957; Patterson et al., 1957). Work 
by Scott (1902a, 1962b) shows that vitamin 
E plays a multiple role in the nutrition of 
poultry. It is required not only for normal 
reproduction but also (I) as nature’s most 
effective antioxidant for prevention of 
encephalomalacia, (2) in a speciRc role, 
interrelated with the action of selenium, 
for prevention of exudative diathesis, and 
(3) in another role, interrelated with both 
selenium and cj'stine, for prevention of 
nutritional muscular dystrophy. A review 
of the work on selenium is contained in the 
previous chapter. 

Chemical nature and occurrence of vita- 
min E. Vitamin E is the name applied to 
a group of fat-soluble, unstable organic 
compounds known as the tocopherols. d- 
Alpha-tocopherol possesses the greatest de- 
gree of vitamin £ activity. 

The tocopherols are found in the germ 
oils of seeds such as wheat, com, and soy- 
beans, and in alfalfa meal. Commercial 
vitamin E supplements are produced by 
molecular distillation of the alpha-tocoph- 
erol from vegetable oils and by chemical 
synthesis of dl-alpha-tocopherol. 

Since esterificacioti of die vitamin im- 
proves its stability, the commercial supple- 
ments usually contain d-alpha-tocopheryl 
acetate or dl-alpha-tocopheryl acetate. One 
International Unit of vitamin E is equiv- 
alent to the activity of one rag. of df-alpha- 
tocopheryl acetate. Because the 1-isomer is 
less active, d-alpha-tocopheryl acetate pos- 
sesses an activity of 1.36 I.U. per mg. Un- 
esterified dl-alpha tocopherol has a po- 
tency of 1.1 I.U, while that of d-alpha-to- 
copherol is 1.49 I.U. per mg. 

Vitamin E is very unstable. Its oxidative 
destruction is enhanced by minerals and by 
unsaturated fatty acids in the diet. When 
a diet contains fish liver oils in any quan- 
tity, an effective antioxidant also should be 
added in order to prevent the oils from 
undeigoing oxidative rancidity. 

Following the initial discovery by Sing- 


sen cl al. (1953) that the antioxidant 
diphenyl-p-phcnylenediamine has a marked 
sparing effect upon vitamin E, a number 
of other antioxidants have been developed 
which also help preserve vitamins E, A, 
and xamhophylls in poultry feeds. Among 
these, the most widely used is C-cthoxy-1,2- 
dihydro-2,2,4-trimethylquinoline (ethoxy- 
quin). 

Vitamin E requirements of poultry. Al- 
though both selenium, in small amounts, 
and antioxidants are helpful in sparing the 
requirements for vitamin E for certain 
(unctions, it is still necessary to be certain 
that practical poultry rations contain suffi- 
cient amounts of vitamin E per se. The 
approximate requirements of chickens and 
turkeys are presented in Tabic 7.1. 

Symptoms and Pothoiogy 

Mature chickens. No outward symptoms 
occur in mature chickens receiving very 
low levels of vitamin E over prolonged 
periods. Halchability, however, is reduced 
markedly (Adamsione, 1931; Adamstone 
and Card, 1934). Embryos from hens fed 
vitamin E-low rations may die as early as 
the fourth day of incubation. Testicular 
degeneration occurs in males deprived of 
vitamin £ over prolonged periods of time. 

Encephalomalacia in chicks. Encephalo- 
malacia is a nervous derangement charac- 
terized by ataxia, backward or downward 
retractions of the head, sometimes with 
lateral tivisting, forced movements, increas- 
ing incoordination, a rapid contraction 
and relaxation of the legs, and finally com- 
plete prostration and death (Fig. 7.8). 
Even under these conditions, complete 
paralysis of the wings or legs is not ob- 
served. The deficiency usually manifests 
itself between the fifteenth and the thir- 
tieth day of the chick’s life, although it has 
been known to occur as early as the 
seventh day and as late as the fifty-sixth 
day. 

Pappenheimer and Goettsch (1931) and 
Pappenheimer et al. (1939) reported 
that the cerebellum, the cerebral hemi- 
spheres, the medulla, and the midbrain are 




aSected most commonly in the 

named. In cliicks which are 

alter the appearance o£ symptoms . 

cephalomalacia. Uie cerebellum 

swollen, and the meninges are 

Minute hemorrhages are often visible on 

the surface of the cerebellum. 

volutions are Qatiened. In some cas . 

much as four-fifths of the cerebellum may 

be affected, while in others lesions ttiay 

so small that Urey cannot be 

grossly. A day or two after the symp 

of encephnlomalacia are first mam ’ 

the necrotic areas present a 

opaque appearance. Healing somcti 

occurs spontaneously, in which case 

aSected areas are shrunken and depress 

below the surface of the healthy ti-^ue, anu 

the color changes to brownish-yellow. 

In die cerebrum, the necrotic tissue is 
bequenily pale, swollen, and wet, an 
the early stages becomes sharply deunea 
from die remaining normal tissue (Pappe 
heimer cl al., 1939). Some cases are so a - 
lected tliai die greater portion o 
hemispheics in the cerebrum arc ' 

Odier ciscs are so mildly affected that 
lesions are apparent only on 
wamlnaiion. In the cerebrum also m 
aSected tissue is greenish-ycllotv, but w 
healing Ims occurred, die color clianges 
a rusty brown. ^j;iv 

Medullary lesions are not ^ ^ _ 

toted in a macroscopic examinadon {. ap* 


f ral -f '"4;' cfy I-ions, 

dicates the PJ®*®."!; • , jjje d sease. a 

Alter on=.i> “made cor- 

macroscopic '^'= 8 "“ , 55 „„ cent of the 
rectly in approximately JU p 

asti- . of the cerebel- 

The microscopic lesion t 

heimer, 1951, i api , lOGlI. In all 
and Scott and j,' lollowed 

cases, etlema m . thrombosis, and 

‘>ycapil' 7 ‘’“°S|i/ elements and gan- 
necrosis of neur g orobably die roost 
glion tenure; it results in 

constant and “nmng ^j,„,,„,u,ions and 
Sttuctoral >^'•*" 8 " ' Edema is appar- 

obliteration “’5 “ ,o „5 and results m 

ent in the ^ The Putkinje cells, 

a cribrilonn s‘'“® ^^,,5 „£ the granular 

Golgi cells, and ^ g'Leration known as 
layer undergo a urge Purkmje 

Srrcorrngular and narrow 
"‘ssr:rrBctgn.a„ncei.s 
lire swollen. -ecogniiahle lesions 

of b“ in Vnl' 
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FlC. 7.9 — Eneephaloma* 
l«ela In lh« chicken. 
(Above) normal broin 
ihowt well-defined row 
of Purklnje cell* between 
granular and mo)ecu)or 
loyert of cerebellum. 
X300. (Below) Broin of 
chicken with eneepholo- 
molocia showe pyknoii* 
and destruction of Pur- 
kinje ceils ond separation 
of granular and molecu- 
lar layers of cerebellum. 
X600. (Scott and Stoew- 
iond, i96f) 
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uies o£ the central white matter in the 

• , of the cerebellum are engorged with 

jthrocyies. Not all vessels are affected m 
• ■ manner; some vessels are distended 
hile others are collapsed. This is partiw- 
’/true in the white matter, but less often 
' the granular layers, and is only oc^sion- 
llv noted in the lower portion of the 
■ecular layer. Large numbers of small 
aemorrhages are found in the pia and cere- 
bellar layers and are very conspicuous m 
the lower portion of the molecular layer. 

The fibers of the white matter are sepa- 
rated by a mild edema. Hyaline capi ary 
thrombi appear even in the most recent 
and small areas of necrosis and are a ve^ 
consunl feature of the lesions. J. ® 

capillaries undergo repair, the endot c la 
cells become greatly swollen and grow very 
actively; they quite often sprout 
into the neaotic tissues. The lesions m 
cerebrum, midbrain, and medulla are very 
much like those of the cerebellum. Cere- 
bral lesions appear to result from vascu a 
disturbances, but the vascular disturbanc 
arc not associated with significant a ct- 
aliens in cell plasma ratio, plasma, 
blood volume (Pappenheimer and Graft, 
1952; and Pappenheimer et a/., 

Exudative diathesis in diicks. Exu a i 
diathesis is an edema of the subcutaneous 
tissues associated with abnormal perme 
ability of the capillary walls (Dam an 
Glavind. 1959). In severe cases, the chicM 
sund with their legs far apart as 
of the accumulation of the fluid un cr 
'cntral skin. This greenish-blue, 
fluid is easily seen through the skm, sin 
it usually contains some blood componenu 
arising [rom slight hemorrhages svliicn 
appear throughout the breast and leg 
culature and in the intestinal svalis. 1J» 
tension of the pericardium and ^tiduen 
deaths have been noted. The onset o 
eondiiion coincides with the appearance oi 
peroxides in the tissues. . . 

Chicks suffering from exudative dial » 
*»» a latrly Mvcrc niicrocyuc 
(Stou tl al., 1955), a low ratio o! “llw® 
to globulins (Goldstein and Scott, )• 
*nd a low muscle creatine. 


Muscular dysltophy in chickens, dnei- 
liniB and turkeys. When vitamin E de- 
fidfne^ is accompanied by a sultur ammo 
Idd ddiciency, diicks show 
muscular dystrophy, ^h' 

breast muscle, at about 4 weeks ot age. The 
Sition i, characterired by light coteei 
wreaks of easily distinguished allcdccl 
bundles of muscle Sbers in the breast ^ig. 

7 10) A similar dystrophy occurs in vita 
S E deBcient diks where it is genera 
ihioughout all skeletal muscle, of he 
Ixidv Upon histological examination he 

amino acids. jisordcr in turkeys. 

rr^ii! Tgf at 'a°;pro“: 

largement, ^ | (Scott, 1951). 

mately 2 to 3 to continue to 

As the poults are H „ij, 5 craciiu 


levels arc reduced. , „jd hocks op 

T'«>>'::!‘?';;“(„tiIiTu,ke,awhto 

pears f 

--swtL .. jj^ijon to uic 

E. it appears iliat pho> 


„ to be a o! dcEcieiicic, 

may result Itom “ ^ tlm need lor 

and sttcsses. In ad p,m, 

bnnrfo'rrp-ntlonoltheei-Urgcd 
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hock disorder (Slinger et at., 1954; Scott, 
1950; Scott, 1953). Two infectious diseases, 
synovitis and staphylococcic arthritis, may 
show somewhat similar symptoms. 

Treatment of vitamin E deficiency. 
Symptoms of exudative diathesis and mus- 
cular dystrophy in chicks are readily re- 
versed, if not too far advanced, by admin- 
istration of vitamin £, either by oral dosing 
or in the feeds. Oral administration of a 
single dose of 300 I.U. of vitamin £ per 
chick c.iiised remission of exudative diath- 
esis and maintained the chicks in normal 
condition for about one week after dosing 
(Goldstein and Scott, 195C), Encephalo- 
malacia may or may not respond to treat- 
ment wiilt vitamin E, depending upon the 
extent of the damage to the cerebellum. 

VITAMIN K AND VITAMIN K DEFICIENCY 

Vitamin K is required for the synthesis 
of prothrombin within the body. Sincx 
prothrombin is an important part of the 


blood-clotting mechanism, a deficiency of 
vitamin K results in a markedly prolonged 
blood-clotting time, such tliac an affected 
chick or poult may bleed to death from a 
slight bruise or other injury. 

Chemical nature and occurrence. Two 
forms of vitamin K, vitamin K, and vita- 
min K:, exist in nature. Each has a 2- 
methyI-l,4-naphthoquInone nucleus with a 
side cliain. Vitamin K, has a phytyl side 
chqin made up of four isoprene units with 
the empirical formula of vita- 

min K* has a difarnesyl side chain of six 
isoprene units, with the empirical formula 
of CjoH 4 |,OH. Many synthetic 2-methyI- 
I.4.napthoquinones have v.iri.ible amounts 
of vitamin K activity, depending upon the 
makeup of tlie side cli.iin. Synthetic vita- 
min K (K, or men.idioiic), liowever, has a 
single hydrogen atom in place of die side 
chain. 

The richest sources of vitamin K (Kj) 
ara the green leaves of plants such as 
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a and peen passes. However soy 
, oil also contains this vitamm. Vita 
: K, is synthesised by a number ol 
bacteria, and, theretore. is pres- 
. in materials which have promoted the 
■, ot these bacteria. This form o 
■-vitamin has been isolated from Bsh 
■ which has been subjected to Bac- 
.„:al action. However, because ol im- 
proved processing, presentday fish rneu 
may not represent a dependable so 
of the vitamin. Although vitamin K, is 
synthesized in the intestinal trac 
chickens and turkeys, it appears too tar 
down the tract to furnish these speaes with 
all of their vitamin K needs. 

Requirements. The vitamin Ki requir^ 
ment of young chicks is presente > 
Table 7.1. This requirement is based upon 
practical diets in the absence of su 
agents, such as suUaquinoxaline, w ic 
may increase the requirement. When s • 
faquinoxaline or other drugs are present 
in the feed or in the drinking water, sup 
plementary menadione sodium bisulfite is 
usually added at levels of 2 to 3 gtn. p 
ton of feed. 

Symptoms and Pathology 
Symptoms of vitamin K deficiency 
most frequently about 2 to 3 weeks a le 
chicks are placed on a vitamin K-defiaeni 
diet. The presence of sulfaquinoxaUne m 
the feed or in the drinking water 
'crease the incidence and severity o 
iTnDtnms T nriri* hpmnrrhaees appear q 


icrease the incidence and severity o 
Tiiptoms. Large hemorrhages app^r o 
le breast, legs, wings, and/or in the a 
ominal cavity. The chicks show an anenna 
'hich may be in part due to the loss o 
ilood but also due to the development o 
' hypoplastic bone marrow. Altlioug 
ilood-clotiing time is a fairly good ti*^**'* 
vitamin K deficiency, a more accuraw 
l^easure is obtained by determining tne 

prothrorabin-time." 

Treatment. Within 4 to 6 hours a 
'vtamin K is administered to dcfiaeni 
^dcs. the blood clots normally, 
tecoiery from the anemia or 

the hemorrhages cannot be expect 
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place promptly. Failure » thfr 

ThTgirsyndrome'’ upon ureatment wuh 

.Muadione sodium bisulfite. 

thiamine (VITAMIN B.) AND THIAMINE 
DEHCIENCT 

■^bTmo£%'SydraL’!™uV^^^ 

enzyme, ^ ^ ”''“’”"'5 T' 

in a number rea 

fcmtd"ce. Thia. 
.St'“la”e%uble,bea— 
pound .^ijine nucleus by a 

attached to a py ihiazole moiety 

methylene '‘"bage. „iti, a 

contains a two _o„ping, which 

terminal priraaiy '' phosphoric 

is the site of atta oocatboxylase. 

acid in the , .hjir by-products, 

The cereal 

soybean "al am ““ 

meal, and “1 Thus, under nor- 

irrSTol’ sp’edal feed supplement 
high in thiamine. .. j however, a 
Under certain feed may 

thiamine defiaency m table to 

be created. Thia alkaline pH con- 

La. »t-<>“"“‘:Lw ?ha while "O de- 

ditlons. Tests f ^ ® oent HCl dunng 

s, melon occurs t" 1 temic- 

7 hours at 100 C., w ^ conditions at 
lion occurs under destruction occurs 

pH 7, and 100 per ^ poul^ 

in 15 minutes at P^ ^ -^ny pelleted «■ 
Stions. therefore. «P^5;"‘iLline salts m 

molecule into tlie PI" 
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parts. An enz)me called ihiaramase, ca- 
pable of destroying thiamine, exists in 
fresh fish (Green el al. 1912) and in other 
materials, including the heart and spleen 
of warm-blooded animals (Somogyi. 1952). 
Oxythiamine is a potent antagonist of 
thiamine (Daniel and Norris, 1949). When 
tliis compound is present in the diet, muds 
more thiamine is required to prevent a 
deficiency. According to Bhags'at and Devi 
(1944), many natural leedstulls, such as 
beans and mustard seed, contain antithia- 
mine-aciive compounds. 

Requirements. The thiamine require- 
ment of young chicks is shown in Table 
7.1. This requirement is easily met by 
most practical feeds. 

The thiamine requircmenu of breeding 
hens and of starting and breeding turkeys 
also are easily met by practical feedstuffs 
without special supplementation. 

Symptoms and Pathology 
Thiamine deficiency or polyneuritis, as 
it is usually called, is observed in mature 
chickens approximately 3 weeks after they 
are placed on a thiamine-deficient diet. In 
young chicks, it may appear before 2 weeks 
of age. The onset of symptoms is sudden 
in young chicks and more gradual in 
mature birds. Anorexia is the first symp- 
tom, followed by loss in weight, ruill^ 
feathers, leg weakness, and an unsteady 
gait. Adult chickens often show a blue 
comb. As the deficiency progresses, appar- 
ent paralysis of the muscles occurs, begin- 
ning with the flexors of the toes and pro- 
gressing upward, affecting the extensor 
muscles of the legs, wings, and neck. The 
chicken, characteristically, sits on its flexed 
legs and draws the head back in a "star- 
gazing" position (Fig. 7.11). Retraction of 
the head is due to paralysis of the anterior 
muscles of the neck. Soon after this stage, 
the chicken loses the ability to stand or sit 
upright and topples to the floor, where it 
lies with die head still retracted in many 
instances. 

The body temperature drops to as low 
as 96° F. Redder and Clark, 1912). A 
progressive decrease in the respiratory rate 



PIG. 7.1 ) — Typical "star-goiina" post displayed 
by chick suffering from thiamine deficiency. 


occurs. Tlic adrenal glands hypertrophy 
more markedly in females than males. The 
cortex is apparently affected to a greater 
extent than the medulla. Apparently Uie 
degree of hypertrophy in the adrenals de- 
termines the degree of edema of the tis- 
sues (McCarrison, I9IS). In the chicken, 
edema occurs largely in the skin (Krause, 
1922). It has been observed tint the cpi- 
ncplirinc content ol the adrenals increases 
.as this organ liypcrtruphies. Atrophy of ilic 
genital organs also occurs in chickens af- 
fected wl^ thiamine deficiency. This is 
more pronounced in die testes than in the 
ovaries. The heart shows a slight degree 
of atrophy. The right side of the heart is 
frequently dilated, the auricle being more 
frequently affected ilian the ventricle. 
Atrophy in the stomach and intestinal 
walls may be sufficiently severe to be noted 
without the aid of a microscope. 

Treatment. Chickens suffering from 
thiamine deficiency respond, in a matter 
of a few hours, to oral administration of 
the vitamin. Since thiamine deficiency 
causes extreme anorexia, supplementing 
the feed vvitli the vitamin is not a reliable 
treatment until after the cliickcns have 
recovered from the acute deficiency via 
oral administration of tliiamine. 

RIBOFLAVIN (VITAMIN Bj) AND RIBO- 
FLAVIN DEFICIENCY 

Riboflavin forms the active part of over 
a dozen enzyme systems in the body. The 
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, noted o£ these is the ‘yellow oxi- 
■■ , enzyme." Other important ribo- 
. in containing enzymes are; cytodirome 
' . diaphorase, xanthine oxidase. 

, and D-amino acid oxidases, and hist^ 

• ", all of which are vitally assoaat^ 

4 th the oxidalion-recluction reactions m- 
ralved in cell respiration. 

Chemical nature and occurrence. Kino- 
flavin is a heat-suble, water-soluble com- 
pound, containing an isoalloxaiine nu eus 
and a ribose side chain. It is subject to 
destruction by light, especially in a ne 
solution. It is normally a yellow substance, 
solutions of which give off a greenis 
fluorescence when exposed to blue or u tra 
violet light Treatment of solutions ot 
riboflavin with reducing agents converts it 
to the colorless form (leuco-form), whic 
shows no fluorescence. The greenish w 
of egg albumen is due to the riboflavin 
present in it Riboflavin is present in miiK 
by-products, alfalfa, grass meals, and liver. 
It is synthesized by yeasts and bacteria. 
Riboflavin for commercial feed suppf® 
ments is produced by chemical synthesis 
and by fermentation of waste materials 
with various bacteria, especially Clostnd- 
ium acetobutylicum. . . 

Requiremcnu. The riboflavin require- 
ments of chickens and turkeys are prc 
sented in Table 7.1. The requirements ol 
chickens were confirmed by Hill et <• • 


(1954). 

Symptoms and Pathology 

Symptoms of riboflavin deficiency in the 
chick were first reported by Norris et o ■ 
(19S0). Bethke et al. (19fll). and 
slcy and Tukes (1936). When chicks are 
fed a diet deficient in riboflavin, they gro 
''try slowly, become weak and emaciated; 


iheir xppetiK is fairly good. 
toelom between the first and second 
week. The chirks do not walk except when 
to«d to do so, and then £re<iuenlly walk 
upon dieir hocks with the a.d ten 
svtoes. The toes are curled mwmd (ng. 

their legs sprawled out 

Postmortem , , 1,5 internal 

any ntarked " ‘cSot^cd exami- 

mature atrophy. (igjga, 

According to D /1938), the 

19S8b) and . deficiency of 

only symptom not^d^^ hens are deaeased 

riboflavin m the ^ embryonic mor- 

egg die size and the 

tality. and an inaea^e ^atchabihry 

tat content of the g weeks after 

bofi(^"deficient dieh 

hens improves to nearly 

but the hatAabih y P adequate 

normal within added to the 

amounts of ribofla ^ j^atch 

dien The '“X„s1^1i e.s low in this 
from the eggs 2 jugh tn- 

vitamin are dwarfed, an 

cidence of ^ | charatterisucally 

WolHan bo'*'"' „pe of down « re- 



FIG. 7.12 
(curly toe). 


.RiboOevin 


204 


M. 1 . SCOrr and 1 . C. NORR/S 


failure of the down feathers to rupture the 
sheaths; this causes the feathers to roil 
and take the shape of a French knot. 

Riboflavin deficiency in the young 
turkey is characterized by poor growth and 
incrustations in the comers of the mouth 
and on the eyelids. Severe dermatitis of 
the feet and shanks, marked by edematous 
swelling, desquamation, and deep fissures, 
appears in some of ilie deficient poults 
{Heuser, 1935; Bethke and Record, 1942; 
McGinnis and Carver, 1947). It is noted 
that these symptoms of riboflavin defi- 
dency in the turkey are similar to those of 
pantothenic acid deficiency in the chicken. 

In severe cases of riboflavin defidency, 
chicks show a very marked swelling and 
softening of the sciatic and brachial nerves. 
The sciatic nerves usually show the most 
pronounced effects. They may reach a 
diameter 4 to 5 times the normal size. 

Phillips and Engel (1938) reported that 
histologic examinations of the affected 
nerves show definite degenerative changes 
in the myelin sheaths of the main periph- 
eral nerve trunks. This may be ac- 


rompanied by axis cylinder swelling and 
fragmentation. Schwann cell proliferation, 
myelin changes, gliosis, and chromatolysis 
in the spinal cord. In cases of curled-toe 
paralysis, degeneration of the neuro-muscu- 
lar end plate and muscle tissues is often 
found. This indicates that riboflavin is 
necessary for the normal functioning of the 
nervous system of the growing chick. Ribo- 
flavin is probably also essential for myelin 
metabolism of the main peripheral nerve 
trunks. No gross dystrophy develops, al- 
tliougli muscle fibers are, in some cases, 
completely degenerated. The sdatic nerve 
exhibits myelin degeneration in one or 
more of its branches. Similar changes are 
apparent in the brachial nerve trunks. 

In the case of embryos which fail to 
hatch from eggs laid by hens fed riboflavin- 
deficient diets, the nervous system shows 
degenerative changes very muA like those 
described in riboflavin-deficient chicks 
(Engel el al, 1940). 

Treatment of deficiency. Chicks receiv- 
ing rations only parifally deficient in ribo- 
flavin may recover spontaneously, indi- 
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FIG. 7.15 — D«rmalesia of pontotKenie ocid 
ficieney in the chick. 


and severe edema are symptoms of panto- 
thenic acid deficiency in the developing 
diick erahryo (Beer ef al., 1965). 

The symptoms of pantothenic acid de* 
ficieney in chicks are difficult to differ- 
entiate from those of biotin deficiency. 
Robblee and Clandinin (1950) reported 
that deficiencies of pantothenic acid and 
biotin result in dermatitis, broken feathers, 
perosis, poor growth, and mortality. Pan- 
tothenic acid deficient chicks are ctmacier- 
hed by retarded and rough feather growth 
(Nonis and Ringiose, IdSO). The chicks 
are emaciated, and definite crusty scablike 
lesions appear in the corners of the mouth. 
The margins of (he eyelids are granular, 
and small scabs develop on them. The eye- 
lids are frequently stuck together by a 
viscous exudate; they are contracted, and 
vision is restricted (Fig. 7.15). In some 
cases the feathers are lost from the head. 
There is a slow sloughing of the keratiniz- 
ing epithelium of the skin. The outer lay- 
ers of skin between the toes and on the 
bottoms of the feet sometimes peel oS, and 
small cracks and fissures appear at these 
points. These cracks and fissures enlarge 
and deepen, and the chicks move about 
very little. In some cases the skin layers 
of the feet of deficient chicks thicken and 
cornily, and wartlike protuberances de- 
velop on the balls of the feet. 

Postmortem examination shows the 
presence of a puslike substance in the 
mouth and an opaque, grayish-white exu- 
date in the proventriculus (Ringrose et 


at., 195 •)• The liver is hypertrophied and 
may vary in color from a faint yellow to 
a dirty yellow. The spleen is slightly 
atrophied. The kidneys are somewhat en- 
larged. The nerves and myelinated fibers 
of the spinal cord show myelin degener- 
ation (Phillips and Engel, 1939). These 
degenerating fibers occur in all sclents 
of the cord down to the lumbar region. 

Cillis at. (1948) showed that the 
aniount of pantodienic acid in the feed for 
a hen has a definite effect on the hatch- 
ability of the eggs produced. Embryonic 
mortality was high when the hens were 
(e<l a diet low in pantothenic acid. Most 
of the moiulity occurred during the last 
^ or 5 days bi lihe rncdbation period. 

Treatment of deficiency. The symptoms 
of pantothenic add deficiency appear to 
be completely reversible, if not too far ad- 
vanced. by oral treatment or injection with 
the vitamin, followed by restoration of an 
adequate level (Table 7.1) of pantothenic 
acid in the diet. 

Pantothenic acid defidency, in sufficient 
severity to cause characteristic symptoms 
of the dtficitney, has not been demon- 
jtfated to occur under field conditions. 
Roberuon et at. (1949) noted that the dis- 
ease known as "stunted chick disease" ex- 
hibits many of the symptoms characteristic 
of pantothenic acid defidency. However, 
substitution of 5 per cent liver meal for 
5 per cent meat scrap in the ration or in- 
jection of the chicks with 100 fig. of pan- 
tothenic add failed to provide any protec- 
tion in the course of the disease. 

On the other hand, another field disease 
has been observed which may indicate 
a deficiency of pantothenic acid in chicken 
breeder rations under certain conditions. 
IP this disease, first noted by Hill (1954), 
egg production and hatchability of fertile 
eggs are normal, but the chicks are un- 
derweight, weak, and may suffer up to 
5O per cent mortality during the first 24 
hours after hatching. Hill (1954) and 
Fisher and Hudson (1956) found that in- 
lection of the diicks with a mixture of 
B vitamins, or with pantothenic acid alone. 
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mature poultry with niacin, and no defi- 
ciency symptoms have been described. 

Treatment. Supplementation o£ a defi- 
cient ration with the required amounts of 
niacin, as shown in Table 7.1, usually 
brings about rapid recovery from all symp- 
toms of deficiency, including the htjck en- 
largements and bowed legs, in young 
chicks, ducklings, or poults. Niacin sup- 
plementation usually has little or no ef- 
fect upon cases which have prt^essed to 
die extent that the tendon has slipped 
from its condyles (perosis), or upon ad- 
vanced cases of "enlarged hock disorder" 
in adult tom turkeys. 

PYRIDOX1NE (VITAMIN B4) AND PYRI- 
DOXINS DEFICIENCY 

Pyridoxins is required in several en- 
zymes, particularly those concerned with 
deamination, transamination, and de- 
carboxylation of amino acids. The co- 
enzymes for these reactions are known as 
pyridoxal phosphate and pyridoxamine 
phosphate. 

Chemical nature and occurrence. Pyri- 
doxine, like niacin, is a stable member of 
the vitamin B complex containing a pyri- 
dine nucleus and a primary alcohol group- 
ing. Pyridoxal and pyridoxamine are 
derivatives of pyridoxine containing an 
aldehyde and amine group, respectively, 
instead of the alcohol group. Most feed- 
stulfs are fairly good sources of pyridoxine 
(Schneider et al., 1939), there^ making 
it unnecessary to supplement practical 
poultry rations with this vitamin. 

Requirements. Relatively little research 
work has been done on the pyridoxine re- 
•juvUf.mftuAf sif fw.'AV'/’. Xtu* -'wjuvramswu 
based upon published work are shown 
in Table 7.1. A number of studies of 
pyridoxine requirements have been con- 
ducted by Fuller and Kifer, 1959; Fuller 
and Dunahoo, 1959; and Fuller el al., 1961. 
Lucas et al. (1946) found that crossbred 
chicks (Rhode Island Red X Barred Ply- 
mouth Rock) showed a considerably 
higher requirement for pyridoxine than 
had previously been found by Hogan et al. 


(1941) and by Briggs et al. (1942b) for 
'ivhite Leghorn chicks. This suggests that 
the pyridoxine requirement may vary with 
different breeds and families or, as indi- 
cated under the discussion of the niacin- 
tryptophan-pyridoxine interrelationship, 
may depend upon the levels of certain 
ocher nutrients in the diet. 

Symptoms 

Pyridoxine deficient chicks show de- 
pressed appetite, poor growth, and charac- 
teristic nervous symptoms. The chicks 
show jerky, nervous movements of the legs 
when walking and often undergo extreme, 
spasmodic convulsions which usually termi- 
nate in death. During these convulsions, 
chicks may run aimlessly about, flapping 
their wings and falling to their sides or 
rolling completely over on their backs, 
where they ^rform rapid jerking motions 
with their feet and heads. These symptoms 
may be distinguished from those of en- 
cephalomalacia by the relatively greater 
intensity of activity of the chicks during a 
seizure resulting from pyridoxine defi- 
ciency. which results in complete exhaus- 
tion and often in death. 

In adult birds, pyridoxine deficiency 
causes marked reduction of egg production 
and hatchabiltty as well as decreased feed 
consumption, loss of weight, and death 
(Cravens et al, 1943, 1946). 

BIOTIN AND BIOTIN DEFICIENCY 

Although biotin is a dietary requirement 
and a deficiency of this vitamin produces 
very severe lesions, no definite metabolic 
role has been established for biotin in 
pewi’&Ti 

Chemical nature and occurrence. Biotin 
is a sulfur-containing, complex member of 
the vitamin B complex. It is present in 
common feedstulfs in sufficient amounts to 
meet the biotin requirements of poultry 
without the use of special biotin-rich sup- 
plements. Liver meal, yeast, milk by- 
products, and molasses are rich sources. 

Unheated egg white contains a protein, 
avidin, which is capable of reacting with 
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FIG. 7.16 -A blotln-defieient ehiek- 


biotin in the intestinal tract of c i 
other animals, rendering the 
tin unavailable to the animal ^ 
creating a biotin deficiency. ^ 

under the unusual conditions in 
egg white is used in a poultry ra . 
a deficiency of biotin likely to 
countered. . 

Rcquiremcnu. Only the :« 

starting chicks has been studied, 'ims 
given in Table 7.1. 

Symptoms and Pathology 
In biotin defidency, the 
the feet and the skin around the ea 
e^es (Fig. 7.16) is similar to that ^ 
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lUm. In tliis manner, il is insoh'cd in the 
synthesis of purines and of the methyl 
groups of sudi important metabolites as 
choline, methionine, and thymine. Because 
of this, folic acid is required for normal 
nucleic acid metabolism and for the for- 
mation of the nucleo-protcins required for 
cell multiplication. 

Chemical nature and occurrence. Folic 
acid is a fairly stable member of the vita- 
min B complex. Its chemical structure 
contains three distinct parts: (1) a pterin 
(related to xanthopterin, the pigment in 
yellotv butterfly svings), (2) p-amino ben- 
zoic acid (PABA), and (3) glutamic acid. 
The dtcmical name for folic acid is 
pteroylglutamic acid. An important deriv- 
ative of folic add is the dtrovorum factor 
(Icucovorin or foiinic acid), which re- 
sembles folic acid except that it contains 
four additional hydrogen atoms and a 
formyl group. The rescardt cvjdervce in- 
dicates that the dtrovorum factor is the 
metabolically active form of folic acid. 
Much of the folic add in natural fccdstuSs 
is conjugated with varying numbers of 
extra glutamic acid molecules. In these 
bound forms, it is inactive for the assay 
miCTOorganisms and as a meuboUte in the 
animal body. However, chicken and 
turkey pancreas, liver, and kidney contain 
enzymes capable of releasing free folic add 
and free dtrovorum factor from the re- 
spective conjugates. The activities of these 
"conjugases" are influenced by a number 
of other factors (Hill and Scott, 1951, 
1952a. 1952b). 

Yeast, liver, alfalfa meal, and soybean 
meal are rich sources of folic acid, while 
corn is a relauvely poor source. The h^h 
level of soybean meal in practical poultry 
rations is largely responsible for the fact 
that these rations need not be supple- 
mented with special sources of this vita- 
min. Bearse el al. (195Sb) found that with 
corn as the cereal portion of a chick starter 
ration, chicks developed symptoms of folic 
acid deficiency when soybean meal was re- 
placed with herring meal as the protein 
supplement. The defidency was prevented 


either by substitution of soybean meal for 
herring meal, by substitution of milo for 
corn, or by sui>p!cmcniing the herring 
ntcal-coru ration with folic acid. 

Requirement. The results of studies on 
Uie folic add requirements of diickcns and 
poults arc summarized in Tabic 7.1. 

Symptoms and Pathology 

Folic acid deficiency in chicks is cliar- 
actcrizctl. grossly, by poor growth, very 
|>oor fc.nhcring, an anemic appearance 
(Robertson et al., 191C), and perosis 
(Daniel el at., I9tG). ^{cCinnis el at. 
(1912) discovered that a factor, later 
shown by Frost et al. (I91G) to be the L. 
caret faelor (folic acid), is rcquirctl for 
pigmentation in the feathers of Rhoile 
Island Red and Black Leghorn dticki. 
Tlius. folic acid, lysine, and iron (see Ch.i;i- 
ter 6) appear to be required for prevention 
of while fcadvtiing in colored poultry. A 
deficiency in ilie breeding ration causes 
a maikcd inoeasc in embryonic mortality. 
The embryos usually die soon after pip- 
ping the air cell. According to Sunde et 
al. (i950a, lD50b), a deformed beak and 
bending of the tibiotarsus are symptoms 
of the embryonic deficicnq-. I’oulu show 
a cliaractcristic "cervical paralysis" (Fig. 
7.17), and die within 2 days after the on- 
set of these symptoms unless lalic add is 
administered immediately. Poults show 
only a slight anemia. 

Folic acid deficiency in chicks results in 
megaloblastic arrest of erythrocyte for- 
mation in the bone marrow, which results 
in a scvcic macrocytic anemia as one of 
the first symptoms in chicks. White cell 
Conaation is also reduced, whidv causes 
a marked agranulocytosis. Further evi- 
dence that folic acid is necessary for cell 
mitosis is supplied by these discoveries: 
(I) that oviduct growth is not increased 
in esirogen-ireated chicks unless tlie diet 
U supplemented v\ich folic add (Hertz. 
1915; Haque et al., 1919) or, preferably, 
with the dtrovorum factor (Kline and 
Dorfman, 1951); (2) that the growth of 
the chicken embryo is inhibited by very 
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small amounts oi the tolk add antago- 
nist, 4.aminofolic acid (Karnotsty « nl-. 
1949), the inhibition being reversed y 
adding citrovomm factor 
Snell, 1950); and (3) that L 
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The primary occurrence of vitamin Bu 
in nature appears to be solely the result 
of microbial synthesis. Little or no evi- 
dence has been obtained to show that this 
vitamin can be produced by higher plants, 
and there is no evidence of its synthesis 
in animal tissues. The vitamin is found 
in all foods of animal origin. Early recog- 
nition of this accounts for its being re- 
ferred to as the “animal protein factor" 
(APF). The best poultry feed sources are 
fish solubles, fish meal, liver meal, meac 
scraps, and the commercial vitamin B |2 
feed supplements which are produced by 
special fermentations using vitamin Bu- 
synthesizing microorg;anisms. 

Requirements. The vitamin B,j require- 
ments of poultry depend upon the levels 
of several other nutrients in the diet. The 
relationship between vitamin and 

pantothenic acid has been discus^ ear- 
lier. Excess protein in the diet increases 
the need for vitamin Bij. The vitamin 
Bia requirement also appears to depend 
upon the levels of choline, methionine, 
and folic acid in the diet and is inurre- 
lated with ascorbic acid metabolism in the 
body. The vitamin Bj; requirements of 
chicks and hens, under normal conditions, 
are shown in Table 7.1. 

Symptoms ond Pathologv 
Symptoms of vitamin deficiency are 
slow growth, decreased efficiency of feed 
utilization, mortality, and reduced batch- 
ability. No characteristic symptoms spe- 
cific for vitamin deficiency have been 
demonstrated in growing or mature poul- 
try. Perosis may occur in vitamin Bi 2 -de- 
ficient chicks or poults when the diet lacks 
choline, methionine, or betaine as sources 
of methyl groups. Addition of vitamin B ]2 
may prevent perosis under these condi- 
tions, because of its effect upon the syn- 
thesis of methyl groups. Kline (1955) 
demonstrated chat in vitamin Bi 2 -defident 
pullets maintained on a diet low in dio- 
line and methionine, oviduct response to 
treatment with diethylstilbestrol was si^ti- 
ficantly lower than in pullets receiving 
vitamin B 12 . McGinnis el al. (1948) re- 


ported that a deficiency of vitamin B 12 
caused an increased nonprotein nitrogen 
level in the blood of chicks, which was re- 
duced to normal by feeding a vitamin B, 2 - 
rich liver concentrate. Olcese et al. (1950) 
reported a peak, in embryonic mortality 
at tiic seventeenth day of incubation of 
eg^ from vitamin Bi 2 -deficient hens. 
They reported a myoatrophy of the legs 
in the vitamin Bi 2 -defident embryos (Fig. 
7.18). Other anomalies associated with 
vitamin Bj 2 deficiency in (he embryos were 
hemorrhages and perosis. ' 

Treatment. Peeler et al. (1951) showed 
that the intramuscular injection of 2 ng. of 
vitamin B 12 per hen caused the hatch- 
ability of eggs from the vitamin Bi 2 -defi- 
cient hens to increase from approximately 
15 per cent to 80 per cent within one 
w-eek. Chin et al. (1958) found that the 
addition of 4 mg. of vitamin Bjs per ton 
of a breeding ration was sufficient to main- 
uin maximum hatchability and for the 
production of chicks having sufficient 
stores of vitamin B ,2 to prevent any defi- 
ciency of this vitamin during the first few 
weeks of life. Similar injections of young 
chicks, followed by a similar supplementa- 
tion of the chick ration, also will correct 
a vitamin B ]2 deficiency in chicks. Lillie 
et al. (1949) showed that when eggs laid 
by hens deficient in vitamin Bj* were in- 
jected with the crystalline vitamin, hatch- 
ability and subsequent growth of the 
chicks were improved. 

CHOLINE AND CHOLINE DEFICIENCY 

Choline is present in acetylcholine, in 
the body phospholipids, and acts as a 
methyl source in the synthesis within the 
body of methyl-containing compounds 
such as methionine, creatine, and N- 
methylnicotinamide. Acetylcholine is the 
chemical substance produced at the termi- 
nation of the parasympathetic nerves upon 
stimulation and is responsible for their 
effects, such as the vagus inhibition of the 
heart. Some sympathetic nerves also are 
cholinergic. Choline, per se, does not act 
as a methyl donor, but first must be oxi- 
dized to the compound, betaine, which can 
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then donate one of its three ^"1^’ 

to a methyl acceptor such as homocysteme 
or glycocyamine, ior the formation 
thionine or aeaiine, respecuvely. 

Chemical nature and occunenc . 
line is N-trimeihyl 
be synthesized in the body 
by the iurther methylation 
methyl ethanolaminc. The methyl gr 
may arise from methionine, bemm^ o 
may be synthesized de novo thtoug 
mechanism involving vitamin Biz- 

Poultry feedstuSs rich m choline are 
liver and glandular meal, hsh m^ea 
fish solubles, yeast, distillers solubles, 
soybean meal. , 

Requirement. The choline requiremenW. 
under normal conditions, are presen 

Table 7.1. 


Symptoms and Pathology 

In addition to poor gy®"'*' "“iJl 
standing symptom of choline de . 

chicks and poults is perosis. 
diaractcrited by 

and a slight pufliness about the ho J 
This is followed by an appweni 8 

of the libiometatarsal joint which 
by a rotation of the meutarsus 


hv defieS«ncy of vltomtn Bi, (left ond right), 
tLos A W. College System.) 

' 1936). The metatarsus continues « ^ 

thu sonMon e^. j;-' J'S “""f 

ir ariwL° ditplaccd. and 

7hc tenln of AchillS slips from tts con- 

uS of Stiy livers of Sro- 

, fore the severe symptoms o ^ 

t developed, the sufficient 

s supplementing the indicated 

; ch^Sne to SrSS has slippe*! 

g in Table 7.1. suffering from diolme 
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VITAMIN C, INOSITOL, p-AMINOBENZOIC 
ACID AND IIPOIC ACID 

Vitamin C (ascorbic acid) is synthesized 
in adequate amounts by all spedes of 
poultry (Garrick and Hauge, 1925: Hart 
et al., 1925b). 

Inositol has been known for years to 
be an essential nutrient for certain yeasts 
and other microorganisms. Evidence from 
a number of studies indicates that inositol 
is not required in the diet of poultry. 

p-Aminobcnzoic acid is a part of the 
folic acid molecule. Thus, the presence 
of this compound in the diet aids the in- 
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Pullorum Disease 


In 1899 the etiological agent of pullorum 
disease was discovered by Rettger (1900). 
He first described the disease as a "Fatal 
Septicemia of Young Clucks," but later 
(1909) he designated it as "White Diar- 
rhea.” However, in that same year, in a 
subsequent report, Rettger and Stoneburn 
(1909) applied the term "Bacillary White 
Dianhea" in order to distinguish it from 
other avian diseases which might be classi- 
fied under a common terminoic^ of 
"White Diarrhea" as was report^ by 
Jones (1911). 

In 1929 at the Second Annual Meeting 
of Investigators and Workers in Badllary 
White Diarrhea Control, Rettger and 
Plastridge (1932), at the suggestion re- 
ceived from a research member of the 
Pennsylvania Department of Agriculture, 
proposed that the term "Pullorum Dis- 
ease” be substituted for ‘“Bacillary White 
Diarrhea." This new terminology was 
internationally adopted because o£ its 
brevity, specificity, and appropriateness 
in designating a disease entity which af- 


fected not only chicks but also mature 
poultry and fowl other than diickens. 

HISTORY 

The isolation of the causative agent of 
pullorum disease by Rettger (1900) in 
1899 gave an insight into the serious ^ick- 
raising problem reported in the lay press 
(E. A. H.. 1905; Gifford. 1905; Graham, 
1904) which appeared before and after 
the epoch-making discovery. At the close 
of the nineteenth century, lliis malady was 
considered a very serious menace to the 
poultry industry. During the first decade 
of the twentieth century, investigators 
definitely proved that pullorum disease was 
an e^-borne infection. The cycle of in- 
fection involved an infected hen laying 
infective eggs, hatching infected chicks, 
wliich could develop into mature infected 
stock. 

During the second decade, Jones 
(1913b), and later others (Gage et ol., 
1914: Rettger el al., 1914), announced the 
practical application of tire macroscopic 
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agglutination tett lor 
■‘«.rriers” o£ the organism. The appura 
tion ot this test in the control and erad - 
cation of the disease ^ 

extensively in some of the eastern states so 

SSmwaJd ate close of the 

oihdal state testing programs viere 
““xhr'progressive development and eto 

^•th^isrET;:^ 

Incubator transmission has '>'='*■ [ 

is an important factor in the spread oi 
pullortim disease from plant to plant by 
means of lloct replacements. 

Another event which has ‘■'““'“ed the 
pullotum status throughout the 
ate organitation of the Conference of In 
vestigafors and Workers in Baa l.^«' 
Dia4ea Control (W. R. H., c»^ 

posed Brst of ^noT. 

New Eneland States and later ( 

19S0) enlarged to include 
states and provinces in Canada, 
ference has made a concerted effort^ 
bring about standarditation «nd “m om 
ity of methods and to stimulat 
in the practical eradication of the dis 
ease from breeding flocks. ^„i,-rs in 
The Conierence oi Research 
Animal Diseases ol North America (^on 
1933) lonnulated ■'Slandatd ° 

Diagnosis of Pullorum Disease 
yard Fowl” which were 
oiganiration and also by the Urn 
Livestock Association in uaL 
method, ol diagnosis have “rv'd a' 
able guides in combating pullotum du 


impmvemcut Plan which “J; 


Schaffer ei al. (1931) nnoouncrf *e 
velopment ol the modified 
method in which stained nnI'S'" “jS 
ployed. In view ol its apparent J 

it has been widely used “i* 'he 'an 
many infected birds have been d^M- 
and thus tlteir removal from bmeil.ng 
flocks was made possible. 

The United States Departmeni 
culture inaugurated the National Poultry 


distribution and economic 
importance 

Pu^mm fouid 

distribation. It » . J j prior to 

wherever poultry discovered by 

she Bal' *0 OTB™' been ob- 

’^'‘Tir,he’'un ted State, and Canada 
served in the un husbandry. 

by those Jgaged t pbdJ^^^^,^ , 

Se?^S^^e»^‘t:«s°'orco^^nSt.Tl 

England,^ difi 

Korea, and South proportions 

Economic loss« jezdt in 

«ere reported during the^last^^ 

ihe nineteenth j Hy the^breed- 

>"‘“‘“7 htmS p'luS “he i^ 

,„g and hatching p 

the disease ,P . disseminated 

greater, and the imec United States 

sion in P^lB .'redoceU 

increased mortality amo g 

a reduction m the sales 4 ' 

nooo 1901) in his early obser- 
Rettger (1900. among 

vations of the disea ,j{jj.aiiy brooded 
ben-reared and amojig 
chirks, total Je first lour 

„atc 85 per cent y„„cs, 1911: 

weeks ol age. Cate' jeP „ higher 

Kaupp, 1917) reveal smnl“ 
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be proStable and that variations in pro- 
duction may be expected depending upon 
the localization and degree oi mtecrion. it 
is generally accepted that pullorum infec- 
tion may impair production and should 
for that reason, as well as for other reasons, 
not be tolerated in a flock. 

Through the inauguration of olficial 
control programs and the establishment of 
official grades for pullorum-tested fft^ 
it has beehmade possible to identify OoAs 

at to their official pullorum disease status 

and thereby afford the buying pu 
opportunity to buy stock o£ the g 
quality. An abundance o£ 
stock is available at the present i 
most areas and should be adequ^e to meet 
the demands o£ the buying public. 

ETIOLOGY .... „ 

Pullorum disease is a bacteria 
caused by an organism which Ket g 

i^d'^Z'ySilSrnSiedSuctcnun. 

'’tormc.ntiy the sy-matic bact^i- 

ogist has classified the 

the "Salmonella" genus, and at the p 

time, the organism is recognize 

monella pullorum. It has 

in common with other members of the 

Salmonella group. 


FIG Uolaled colony on pri; 

mory culture. Meat extract agar. 40 
houVs old. Xl5. (2) Isolated colony on 
ofimarv culture, liver infusion agar. 

% hoS!. .Id- Xl5- <31 “aT’T 

prepored from colony illustroted in I. 

"xlJOlJ (41 Mis;" “.‘Tri "if 200 
from colony illustroted in 2. Xi.-^uw- 


The otganism i. a long, .lender rod (.3-- 
5 V I-2.5ri with slightly rounded end. 
(Fig 8.1-3). It readily stain, with ordi- 
nal basic anilin dyes and is Crr”-"'?*; 
tivV The cells occur singly, with chains 
of mote than two bacilli being rarely 
found. An occasional filament and large 
cell may be found in smear preparations. 
1. I nonmotile, 

ogenic. nonsporogemc, and facultatively 
aLerobie. Optimum growth occurs at 
370 C. and under normal atmospheric rom 
ditions. On meat extract agar pH 7.^ 
7 2) heavily seeded with inoculuni, 
colonies appear discrete, smooth, ghsten- 
homo'Teueous, e«i«. . 
nfuspareur. var,."g_.n 

arar ihe growth is even 
aS 'markedly translucent 
A\ Coneested colonies remain small £l mm. 

S?ut isoiared colonies ma, a.um 
dUJer of 5 to 4 

mattings may aPP'“ , „le the 

creases in sire and ag , ceded plate 

young colony on a heav.Iy seedeu p 

changes little with age- attacked 

The following substances 
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with acid and with or without gas pro- 
duction: arabinose, dextrose, galactose, 
levulose, mannite, mannose, rhamnose, 
and xylose. Substances not auadied in- 
clude adonite, dextrin, dulcitol, erythroL 
glycerol, inositol, inulin, lactose, raffinose, 
saccharose, salicin, sorbite, and starch. 
Maltose is attacked very infrequently as 
has been reported by Edwards (1928), 
Hendrickson (1927), Hinshaw (19^1), and 
Pacheco and Rodrigues (1936). However, 
the results in some instances were attrib- 
uted to the materials and methods em- 
ployed for the cultivation of the organism. 
Edwards (1928) concluded that acid pro- 
duction in maltose by S. puilorum was 
made possible through the hydroliration of 
the sugar by the alkali that slowly de- 
veloped upon prolonged incubation. 
Hendrickson (1927) observed that when 
serum water was used for sugar b^se, malt- 
ose was fermented by S. pullorum. Pach- 
eco and Rodrigues (1936) encountered 
similar findings and claimed the acid pro- 
duction by the oeganUm was the result of 
serum-enryme hydrolysis of the sugar. Van 
Roekel (1935) reported a laboratory strain 
which had been considered as a maltose 
nonfermenting organism, but after a lapse 
of several years since its original isolation 
it acquired and retained the ability to 
attack maltose. No plausible explanation 
could be given for the sudden change in 
the maltose-fermenting characteristic. Sub- 
sequent investigations (Van Roekel et al., 
1937) revealed that strains which possessed 
a potential tendency to ferment maltose 
could be identified by cultivating them in 
a maltose-peptone solution for a period of 
time Strains undergoing a change in be- 
havior toward maltose would exhibit red 
and white colonies when plated on a modi- 
fied Endo’s medium (maltose substituted 
for lactose). Strains that produced both 
maltose-fermenting and nonroaltosc-fer- 
menting colonics exhibited only nonmali- 
ose-fermeniing colonies after being sub- 
jected to animal passage. An apparently 
pure maltose-fermenting strain did not 
lose this property when subjected to 
animal passage. It is apparent that S. pul- 


loTum may display variation in its be- 
havior in the fermentation of maltose, and 
for that reason this sugar cannot be re- 
garded of value in the identification of 
the organism. Variation in the behavior of 
some strains may be observed occasionally, 
especially in regard to gas production. 
Litmus milk remains practically un- 
changed. Indol and acetylmethyl carbinol 
ate not formed. Hydrogen sulfide is pro- 
duced, and nitrates are reduced. 

The organism can be cultivated on 
special media such as dextrose-lactose agar 
(Mallmann and Snyder, 1929), brilliant 
green agar (Mallmann, 1929), Endo’s 
agar, cysteine gelatin (Hinshaw, 1941), 
and sodium tartrate and mucate media 
(Mallmann, I931b) which may be of value 
in the differentiation from other organ- 
isms. Bushnell and Porter (1945) tested 
several types of media for the cultivation 
and isolation of S. puUorum. They con- 
cluded that no single medium used proved 
satisfactory for isolation of 5. puUorum. 
In the selection of the medium for the iso- 
lation of S. puUoTum consideration must 
be given to the source of material to be 
examined. In isolatir^ S. puUorum from 
the intestine, desoxycholate citrate, bis- 
muth sulfite, and S-S agar were found to 
be the most satisfactory. Tetrathionate 
broth was recommended as an enrichment 
medium. 

Growth studies of S. puUorum strains in 
different media revealed that the rate of 
growth was in a declining order for nu- 
trient broth, one per cent trypiose-water, 
and a synthetic medium (Schoenhard and 
Siakedr, 1955). Other workers have 
demonstrated that the organism is capable 
of synthesizing glutamic acid and alanine 
when propagated in synthetic media con- 
taining threonine (Jones and Holtman, 
1953). Also the virulence of the organism 
was maintained as readily in the synthetic 
medium as by animal passage (Gilfillan 
et ol., 1955). The rate of growth of 5. 
puUorum could be increased markedly by 
the addition of yeast extract to trypticase 
soy agar (Stokes and Bayne, 1957). The 
authors suggest that the addition of yeast 
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extract to selective agars may be helpful 
in the isolation of slow-giowth Salmonella. 

Reference to the literature Hmshaw 
1941; Pacheco and Rodrigues, 1936, ana 
Rettger and Plastridge, 1932) reveals that 
a disagreement concermng the results of 
the biochemical behavior of S. pullarum is 
to be found; especially is this true among 
European and American workers. The 
fonno for the most part are inclined to 
regard S. pullorttm and S. gallinamm as 
identical species. This is difficult to co^ 
prehend when certain areas in the United 
States ate observed to be relatively free ot 
lowl typhoid as based on field and 
oratory observations, whemas P"”"™™ 
disease is more P''''*'®"'- S', 

is based on diagnoses obtained by the 
standard criteria employed m ddter- 
entiating these two diseases. 

While S. pullorum is 
as being a stable distinct speaes, Plasind^ 
and Rettger (1930, 1932). Mallmann 

(1932). and Van Roekel ^ 

served that the organism may i7 
ediy in many o£ its characteristics (F & 
8,2-5 to 8). The “xicogenic progrnes 
of S. pullorum were investipted by Hanks 

and Wr ('“2). '*.‘'°/’”r«u‘ISble 
pullarum cells contained a toxic 

heat-resistant poison 
lor rabbits and is capable of killing ^ 
pigs and mice. Chicks revealed no nonce 
Le symptoms of illness, regarfless of the 
route by which the material w ^ 

duced. They concluded that 
disease appears to be a septicemia ralher 
than a toxemia. , , _ * i 

The antigenic composition o • F 
lorum, according to the Kaulfmann-'Vh.te 
schema (Salmonella Subcommittee, 
consists only of the ’,“5 “S- 

genic structure is similar to that • g 
linarum. However, the O'f “!^eUdng 
pullonim and S. galUnarum has 
in common with somatic anug 
members in the Salmonella gen 

Edwards and Bruner ( mnonents 

study regarding the following; 

of S. pullarum. cone ude i, 

“The antigenic formula of S. p 


IX, XU,. tXII,], XII,. In normal cul- 
tures the XII, factor is variable, and foims 
containing a large amount or a negligible 
amount of XII, can be isolated from the 
same strain. It is possible for ™“ures to 
become fairly well stabilized m either 
form, thus giving rise to the so-called 
•■standard" strains and variant or X. 
Strains The standard strains contain only 
amount of XII,. but the X strams 
conuin a large amount of the antigen. 
Wright and Edwards (1948) emphasize 
that^ since the differentiation of standard 
and variant strains is based on a vari- 
alional phenomenon, a diagnosis must be 
Tde wUh a certain degree of cannon »d 
discretion. A “/‘“V ^ilolies 

-e m coU^c that .e 

C"one^"aJ.lne S SS 

l“r more°m demnnine if *= varmnwna.n 

" Tfe Tpi"s“““>« TZ 

>A%>,„“rof'5^r:.rSn. 

mi’y™be”f ihe '1949. 

SSmsira. 1948; Williams et al, 1949. 

KS and Alberts, 1950; Snoeyenbos 

S. ^ufforum ma, be mffuenced 
‘‘‘‘w^S™ ‘(195L,“S)” reported that 
standanf, .l^temlaS tith 

It was found that a concentration 
monium sulfate su^r- 

per liter ^k._j suspensions, had 

SSTor” no’effec.“"n variant suspensions, 




FIG. 6.2 — (S) Colony exhibiting dentoled edge, thin periphery which is markedly convo* 
luted, strioied, ond tenocioui. Cenirol poriion raised, dense, and Fairttly convoluted. 
Three doys old. liver infusion ogor. XTO. (6) Colony exhibiting irregular outline, rough 
surface, opaqueness, ond briltleness. Two doye old. Meat extroct agar. X35. (7) Fila> 
menious forms in smear prepared from the peripheral portion of the colony illustrated in 
i. xT.200. (6) Cells In a smear prepared frorn the central portion of the colony itlusiroted 
in 5. XT.300. 
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end only p.rtially cleared mtet,ned.ate 
suspensions. A concentration ot the salt 
approximating 470 gm. per liter «as re- 
quired to clear suspensions o£ variant and 
intermediate type strains. Later, Williams 
and Harris (1956) observed that an am- 
monium sulfate concentration ol .IhS 
gm. per liter completely cleared the 
fupernatant fluids of most S guilmanim 
suspensions but had considera y ess 
effect on the turbidity of suspensions of 
standard type cultures of S. pulloruin. The 
same authors found that S. fallorum and 
S naltinarum antigens lacked hema^lu 
tinating properties (Harris and Williams. 
1957). 

PATHOGENICITY 

Pullorum infection is most prevalent 
among chickens. However, among he 
varioiis poultry breeds, a dilference in the 
susceptibility to S. pullcmm ^ 

parent. The lighter breeds 
Especially the Leghorns, generally speak- 
ing, have revealed fewer reactors among 
tested nocks, Hutt and Scholes (1941) 
claim the Leghorns possess a 
tic resistance to the disease T 
in part also subsaibed to by 
Card (19S5), although they ^ 

strain dilferences tvithin the various bree^ 
must be considered. If Leghorns »rem« 
regarded more resistant to pu 
ease on the basis of blood-msting result 
then males likewise must be consuler^ 
more resistant than females. _?aier 
suits for a period of )ears 
percentage of reactors among e ^rtainlv 

Long Lies. This difference cem^ 

cannot be attributed entirely o 
tary trait existing in the . factors 

die influence of should 

operative in a commeraal p jnvesti* 
be recognized. From con- 

gauons. Roberts and Card 
eluded that heredity 1 $ a” ‘ -^itv to in- 
ter in resistance and 

(eciion with S. pullorum. ;,,ancc and 

af. (1939b) reported that 
susccpubilily of the 
lomm disease are related to tnc 


of lymphocytes. Resistant chicks revealed 
a higher l>-mphoc>'tic count than did Ae 
susceptibles. Change in age of the chick 
also influenced the degree of resistance 
as well as the lymphocyte number. Scholes 
and Hutt (1942) claim that high body 
temperatures and resistance to S. pullorum 
are closely associated. Later Scholes 
n942) concluded that resistance to S. pul- 
lorum more likely depends upon tempera- 
ture differences than upon differences in 
the number of lymphocytes in the blood. 
While the observations reported by Hutt 
and Scholes (1941), Scholes (19^2). Stoles 
and Hutt (1942). and Roberts et al. (1935, 
19S9b) command academic interest, from a 
pncllcal viewpoint the combat against tbe 
disease through genetic selection of rc- 
sisiant Slock does not appear 
the method ot cliramatmg the d tease 
carriers from the breeding '’“'‘k « 

substantiated by DeVolt el »'• (1941) who 
slate that the development ol pul orum 
rSitum strain, is not now a satisfaeto^ 
substitute for control and eradication pr 


SUDSUIUU^ Abes ww....-- - ^ 

course of pullorum infection the levels of 
arginine, metliioninc, gl)eine, and iryptm 
whan arc reduced (Ross el el., ,1955a). 
Survival time o! chicks infected with the 
organism was increased following admm- 
tsStion ol arginine. No increase wa 
noted when arginine was ^minislcte 
48 hours prior to inicction. Glycine and 
tryptophan had no ellect on U.c sumval 

tto of infected chick, whereas methionine 

S only a slight eSect (Ross el el., 
1955b). Furthermore, die survival time o 
oXnira-infected dricks was reduced by 
die administration ol Ouoroacetale malm 
„'e anenile, citmle. and succinate. In.- 
dally greeter concenlradons ol the organ 
Sv wS^ lound in the onjans ol nuorm 
acetate-treated chicks than m 
dssues ol the JJ. 

degree, of when 

r^rSdlnrrcorerSc disease 
(Giimian el el., 1956a. 19M )■ 

Wliilc the cliickcn appears 
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natural host o£ S. pullorum, oihtr avian 
species also have exhibited some degree of 
susceptibility. Among the barnyard fowl, 
natural infection has been observed in 
turkeys (Barboni, 19S7; Brunett, 1930; 
Balling et al, 1929; Hendrickson and Hil- 
bert, 1930; Hewitt, 1928; and Hinshaw, 
1937): ducks (Beaudette, 1938; Chute. 
1962; Hinshaw and Hoffman, 1937; Lerche, 
1929; and Miessner, 1931); and guinea 
fowl (Bunyea, 1939). Natural outbreaks 
among pheasants (Hendrickson and Hil- 
bert, 1931; Miessner, 1931; Van Roekel et 
al., 1947; Williams et aL, 1949); quail (Em- 
mel, 1936); sparrows (Balling et al., 1928: 
Reis and Nobrega, 1936); European bull- 
ftneh {Pyvrhula europa) (Hudson and 
Beaudette, 1929); and pigeons (Reis and 
Nobrega, 1936; van Hcelsbergen, 1929) 
have also been reported. Canaries, goslings, 
turtle doves, gold finches, green finches, 
and bittern are reported vulnerable to in- 
fection (Villatii, 1937). Edwards (1945) 
reported a loss of 50 birds among a flock 
of 75 canaries caused by a natural outbreak 
of pullorum disease. Thirteen birds were 
examined and 5. pullorum was recovered 
from all of them. 

At one time pullorum disease had 
gained a substantial foothold in commer- 
cial turkey flocks {Hinshaw, 1937, 1939). 
However, in recent yean outstanding 
progress has been made in reducing tlic 
disease among turkeys, and a more detailed 
discussion of the disease among turkeys is 
presented in the section entitled "Diseases 
of the Turkey ” 

Among other fowl which were found to 
be susceptible either through natural ave- 
nues or through artificial means, the dis- 
ease produced clinical manifestations quite 
similar to those observed in the diicken 
and turkey (Balling ef af., 1928; Emmel. 
1936; van Hcelsbergen. 1929; Van Roekel 
et al, 1932). Pigeons apparently are quite 
resistant to the organism, whereas sparrows 
appear to be very susceptible. TJie fact 
that sparrows and pigeons may frequently 
inhabit poultry plants may offer an ex- 
planation why infection appears in previ- 
ously nonreaciing flocks. 


Upland game birds sucit as pheasanu 
and quail exhibit a degree of susceptibility 
to tlie extent Uiat game breeders must 
exercise pretenme measures against the 
disease, fielding (1955) in a field survey 
isolated S. pullorum from 5 of 65 pheas- 
ants cultured. It was concluded that a sig- 
nificant number of wild pheasants in 
Michigan harbor the infection. 

Guinea fowl, ducks, and geese appear 
quite resistant to tJic organism, but their 
role in contracting and disseminating the 
infection should not be considerctl negli- 
gible in tlie combat against the disease. 

Among tlic mammalian species the rab- 
bit is highly susceptible, as observed by 
OIney (1928) and Doyle (1925). Guinea 
pigs, mice, and cals vvere slightly suscep- 
tible, while rats were quite resistant (Mul- 
sow, 1919; Reitgcr et al., 19IC). Benedict 
et al. (1941) recovered the organism from 
foxes and mink. Edwards and Bruner 
(1943) isolated a culture of porcine origin. 
Bruner and Moran (1919) reported the 
isolation ot 5. pullorum from a heifer, dog, 
fox. mink, and swine. In a more recent 
summary extending from January 1, 1957, 
to July 1, 1961, Moran (1961) reported 
that 5. pullorum was isolated from 2 bo- 
vine and 3 mink sources. Taylor (1964) 
in England isolated a culture from a sheep. 
Human salmonellosis caused by S. pul- 
lorxim has been reported by Edwards and 
Bruner (1943), Felseiifeld and Young 
(1944), Mitchell ct af. (1946), Rose (1962). 
and Williams (1964). McCullough and 
Eisele (1951) produced salmonellosis with 
various strains of S. pullorum among in- 
mates in a penal institution. Explosive 
onset of the illness, high fever, prostration, 
prompt recovery, and difficulty to recover 
tlie organism from stools were noteworthy. 
MOOES OF TRANSMISSION 

The manner in which pullorum infec- 
tion may be disseminated is of great im- 
portance from the standpoint of control, 
eradication, and prevention of the disease. 
The etiological agent may be spread 
through various channels (Fig. 8.3). 

Rettger and Stoneburn (1909) isolated 
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Lhe organism from fresh and 
eggs ylidi vcre laid by hens 
eny succumbed to the g„Q. 

vesUgations Pearstyne ef nl. 192^ G 
et al, 1914; Jones, 19}^*' 

Stoneburn, 1911; ®,^"l928> revealed 

1927a, 1927b: Tiltsler et al. 1928) . 

that S. puUorum could be ^adily 
from eggs. Runnells and Van 
(1927b) reported 33.7 per cent of Ae ^ 
laid by reading bens to be mfe • J 
(1913a) and Mathews (1927) ^ .,g, 

outbreaks in adult fowls due 
run. as .be result ol 

eggs. Van ““''’’'''S'" pullorum 

that an important i’^n<alleJ 

disease dissemination ‘ ‘"™®„ied that 

egg.picking. Rettger ( 3'“) j., „r- 

eggs harboring Condition. s.hen 

gamsm produce abnormai YOung 

led to young diicks, ‘ ^ 

rabbits, guinea pigs, and „£ 

(1928) encountered a severe oulbrea 


die disease among adult rabbits as a result 
of feeding incubated, mferiile eggs. 
Rn,.kel ct al (1952) reported that fresh 
eggs laid by reacting hens may 
puHorura dLase vhen fed to 

a" a hazard to an eradieat.on program for 

“Si^ditions may increase the sp,«d 
f t!ip disease by means of the egg. 

°‘n,t' nSng iLi.ities, ”Sr“eS 

frequently lay ' boards. The 

^“ctSnr.binlSK"Jsmay.=..o« 



230 


HENRY VAN ROEKEL 


outbreaks o£ cetuvn diseases. AU diese 
factors are of great significance in the 
spread of puUorum infection in an aduU 
flock. 

The excreta of infected birds must be 
considered a means by which infection 
may spread to noninfected birds in a flock 
and also from one farm to another. Kerr 
(1930) and Van Roekel et al. (1935) have 
reported the recovery of the organism from 
the feces of hens. Van lloekel et al- (1932, 
1935) observed that fecal transmission of 
the disease among semimature and adult 
stock apparently occurs very infrcquenily. 
Transmission was observed only after 
force feeding repeated doses of feces from 
infected hens. The dissemination of the 
disease in an adult flock by means of feces 
or Utter contaminated svith 5. pullorum 
may be influenced by the numbers of or- 
ganisms eliminated and the persistency o( 
such elimination together with suitable 
environmental conditions. Such factors 
constitute a major problem in the eradi- 
cation of tlte disease In a short Interval 
retesting or multiple testing program of 
an infected flock. Contamination of the ex- 
terior of the egg with feces and litter con- 
taining S. pullorum and the penetration 
of the organism through the shell may 
appear plausible (Cantor and McFarlane. 
1948; Stokes et ol., 1956). 

Furthermore, cannibalism in an infected 
flock may further the spread of the disease. 
The abdominal viscera of infected birds in 
many instances are heavily contaminated 
with S. pullorum, and when such birds are 
eviscerated through cannibalistic habits in 
a flock, they may serve as a source of in- 
fection for other birds in the flock. 

The important discovery of the organism 
in tlie egg established one phase in ilie 
cycle of infection. The most frequent 
spread of the disease occurs from the breed- 
ing female to its progeny by way of the 
egg. At the present time, this is the most 
common mi^e of transmission and will 
continue to be the case if infected birds 
are tolerated in a breeding flock. It is 
recognized that the greater the number of 
infected birds in a breeding flock, the 


greater will be the number of infected 
chicks. It has also been observed that one 
or two infected breeding birds may be 
responsible for serious infection in the 
progeny. 

Transmission of the disease in incu- 
bators through chick excretions, egg shells, 
and chick down has been recognized as a 
very serious problem in the control of the 
disease for many years, llinsliaw ct al- 
(192G) definitely revealed that artificially 
contaimnatCil dtick down could dissemi- 
nate the disease in a forccd-air-draft incu- 
bator. It was emphasized that in commer- 
cial hatching, precautions should be exef- 
cisctl against the spread of the infection 
through the incubator. Bunyca and Hall 
(1929) pointed out tliat pulmonary and 
cardiac lesions appear to represent a form 
of the disease acquired by inhalation and 
that gross intestinal lesions, such as tlsick* 
cning and necrosis of the large intestine, 
aie indicative ol infection by ingescion- 
Thc significance of incubator iransrais* 
sion of the disease will be discussed later 
in this cliapter. 

From the time the cluck is removed from 
the incubator to the time it is placed in a 
brooder, it may contract the infection 
through being handled or through contact 
with infected chicks in the same chick box. 
Droppings of infected chicks serve as the 
source of ilic infection. Chick boxes and 
any other equipment of a like nature 
sliould not be used a second time unless 
properly cleaned and disinfected. Chick 
liandlers, and especially diick sexers, 
should give consideration toward reducing 
ilie spread of the infection when chicks 
from different flocks are handled. 

The infection, as a rule, is spread among 
chicks in cohabitation during the brooding 
stage, especially during the first few days 
of age. According to IVeldin and Weaver 
(1930), the chief source of the organism 
at this stage is the droppings. Mallmann 
(1929), through the use of a brilliant 
green enrichment medium, was able to 
isolate the organism from the feces of in- 
fected chicks. He observed that when S. 
pullorum was in the organs of the chicks. 
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it was nearly always found in the intestM 
contents. Utter, feed, and water tmlrf 
with infective droppings aid in the rap d 
spread of the infection in a chick liocU 
Bom el al. (1952) 

rum disappeared more rapidly ‘m” ““ 
built-up litter than in new 
Gwatkin and Mitchell (1944) 
pullorum disease could b' 

Licks which had access to Iced “"hm 
nated by infected flies and to *e lh« 
themselves, some of which were probahl, 
eaten by the chicks. S. 

covered from the feet and wings of flim at 
least 6 hours after exposure. Th® flastr 
intestinal tract of the 
harbor the infection for at least 5 'i«U 
The mode of spread among young 
chicks is often facilitated through environ- 
mental factors such >'* 

amre, insaniury conditions, lack 
adequate feed, and other 
ing concurrently. It is frequently 
that chicks which oGStuate from 
ery not recognized as free P 

infection and which are 
favorable conditions transi 
lest greater evidence of the „hich 

will chicks from the f 

are subjected to more favorable cond.t.o"k 
Proper brooder management plays a >7 
important role in keeping the spread ol 

infection down to a ^ rtrrur re- 

Pullorum infection is likely wo-kel 

gardless of the portal of entry. Van Rock^ 
!..I. (1932) reVrtthatpullom.n d.sea« 
can be repJoduLd in ehicken. by dr^ 
ping suspensions of the organi 
LjunctL, into an incis^n m 
of the plantar surface of the > 
cloaca, and by oral administration. 
ever, the oral route did not jj|„ ^ 
establishment of infection ^ 
others that were investigated. P 

of agglntinins was ‘l'““Lu»oSatin». 
exposure in the case of do 
7 days with the ocular route, „i. 

lor the oral route and were 

lation. In some cases, agg the 

produced but later f^PP'^tJhrnccnr 
blood stream. Likewise, Ibis mig 


in a naturally infected flock. Some investi- 
pcL (Bnnyca and Hall, 1929; Doyle and 
Mathews, 1928; Hinshaw el " 

corted that infection may result from the 
of the organism into the rcspira- 
tory and alimentary tracts. Apparently the 
po7ul of entry for posthatching ‘^“fun 
£ mote often the digestive tract than the 

''&Lppoars...utS. pullorum n^^^^ 

be eliminated and excreted ‘f*' 

tected host in various ways and in turn 

nui when suitable environment Bists 
?iis is significant from the standpoint of 
InU eSdication, and prevenuon of the 
disease. 


SYMPTOMS AND LESIONS 

fowl. Pullorum disease in a 
Adult low 

Sorwr^u^mCw-roii'I^S 

iracting the S.I«ted in- 

■jiiLrcirt^raLLfbcd^^^^^^^^ 

limited and listlessness, 

lion,. in- 

fS'^Srr;sK-"s 

"“r-S.’SSS'S.SX 

of the organism. ^ 

obred lnr“(:913, 
S^Strnbfe~;alter.b^^ 

I flock of 700 hens was susuineo. 
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symptoms noted were paleness o£ 
id mncous membranes; scdy, 
id mayish appeaianee o£ tire eomh; list- 
IcssnS-'^ progressive depression; droopy 
eiacSn o£ head and neck; ma^ 
Itence- and usually diarrhea The 

duration o£ the ineubadon ” 

bom 16 days to 3 weeks. The 
disease sometimes terminated “ 

hours, usually continued 4 of 5 ^ 
occasionally even longer. A definite 1 
kocytosis was observed. 

Plastridge and Reiser (1930) have ofr 
served among adult flocks acute outbmah 
o£ the disease tnused by » "ighly 
morphic type o£ 

Acute flock infections should not b 
taken for outbreaks of fowl 
cholera, avian listercUosis. and 

”Z?n“birds dying born acute We^n, 
Tones (1913a) observed ““'“d em ^ 
ation; enlarged and distorted h 
grayish-white nodules; enlarge . y . . 
lei and granular liver coated wtAfibnn 
Ls exudate; Iriable spleen o£ noroal 
with local necrosis; minuK ‘‘ 

o£ the pancreas; enlarged htdn'V‘ 
parenchymatous degeneration, j Q-yjate 
mesenteric vessels; and a fibnn 
coating the abdominal viscera. 

The lesion, lound in die “o'C “““I" 
chronic carrier are *e 1 “*“ 
colored, cystic ova ''jricaidilis. 

quently an acute or chron p 
The diseased ova usually contain 

cheesy materials „adily iso- 

capsule. The organism con be re 7 
lated from the ovarjan cys • 
may be closely jated and may 

IrequenUy they ovarian mass, 

become detached from « .^tedded m 
in such cases diey be»me cmb 
the adipose tissue of the a re- 

In one'^tase a pedun^at^® 
covered as a ^ Ovarian and pel- 

appearing egg (Fig. » . abdominal 

duct dysfunction may .lea whidi in 

ovulation or oviduct impac ' 
lum may bring about extensive per 


and adhesions of the abdominal viscem 
IFIe 87). Advanced lesions o£ this yp 
Sidoim IE ever, fail to yield S. fnllorum 
on culture. 

Lesions less extensive in nature may in- 
volve the heart. Quite frequently pericm- 
dids is observed both among temales and 
males. The changes that have ocoirred in 

Z Ieriardium, epicardium, and pen«n 

dialZid appear to be depeuden^ij'' 
ace of the disease process. 

may be followed by permanent 

such a . infection is frequenUy 

the reproductive organs. Edwa^ 

r HuM.92^), reported the . 0 — 

, tbe tunica albu- 

giS- and complex tZ 

seminiferous I abscesses and 

-tXSu"flltmtion. Tbere^^^^^ 

r '”SZe%afdctoeMW» enlarged and 
lumen of me structureless homoge- 

filled ”1^ “/o,fier eases ol inlection m 
neous exudate. ,v«tem have been 

d.e male is fr=- 

report^ ^ong infected males. 

‘'T?L°frequStiy 

and less treijuc rheesv material 

conuining amber^ « abdominal 

^ri"t’b^,iS“eru- 

Si^'^cta'^rand Glover (1950) isolated 



234 


HENRY VAN ROEKSL 



£ 


' Ij ' 2j > 3j I 4j I 5 

FIG. 8.7 — Impaeiod oviduct removed Iroin an infected hen. Ports 
and II are the funnel and olbumen secreting portions, respectively. 

Port III Is the shell gland porliors. Adhesions of the serosa. 

the organism from the nasal passages of 2 nosis based on clinical evidence has been 
among 61 adult birds examined. Beacli substantiated by the isolation of the etio- 
and Freeborn (1927) reported the isolation logical agent. 

of S. pulloTum from the middle ear with In a typical outbreak of infection among 
no evidence of infection in any other part chicks, the following symptoms may be ob- 

of the body. Gwatkin (1946) recovered served; The onset of the disease varies 

the organism from the thymus glands. wth the degree, virulence, and source of 

Chick. Manifestations of puUoruni div the infection, and with the management 

ease were first recognized among young given the chicks. If chicks are hatched 

chicks, and the malady may be considered from infective eggs, moribund and dead 

as principally a chick disease. The symp- chicks may be observed in the incubator or 

toms exhibited by an infected brood of wdiin a short time alter hatching. The 

chicks are not specific for puUorum disease, clikks manifest a somnolence, weakness, 

although in many cases a tentative drag- and loss of appetie, and death may follow 





fIG. 8.3 — (left) Normol 
heart, (ftighl) infected heart 
exhibiting perlearditU and 
epicarditls. 




FIG. &.7 — T«s>lc1ei removed from a 
reotting adult mate, teitik I— atrophic 
anb wry ‘rrrm; -pUfraTvnt 'ntftdrvi. 
TeitU U— normal In ilze ond fexfuret 
S. puitorum not isolated. 
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FIG. a.10 
pullorum 


Njne-doy-old, nolurolly infected pullorum disease chicks. S 
xs isolofed from ch.cks II and III. Chick III died two days offer 
It was photographed. 


suddenly. In some instances, evidence of 
the disease is not observed until several 
days (5 to 10) after hatching. The disease 
gains momentum during the following 7 
or 10 days. The peak of the infection 
usually occurs during the second or third 
week of chickhood. In such instances, the 
chicks exhibit a lassitude, an inclination 
to huddle together under the hover, loss 
of appetite, an accumulation of urinary 
and alimentary excretions in and around 
the vent, drooping of the wings, somno- 
^ distorted body appearance 
(I'lg. 8.10). Frequently one may detect a 
shrill cry from a chick when voiding cx- 
CTeta. This is particularly true among 
those chicks tliat have an accumulation of 
whitish, chalkhke excreta, stained green- 
ish brown, m and around the vent. 

Jungherr (1935) reports that affected 
chicks manifest a febrile reaction as indi- 
rated by the increased temperature of the 
legs. He also mentions that affected chicks 
may appear as having been "dipped in 
water which he explained as probably 
brought on by a water-logged condition of 
^e body muscles which permits the excess 

al. (1938) claim that a febrile condition is 
responsible for the increased renal activity 

T i adjacent parts. 

Labored breathing may be observed even 
to the extent that chicks may be gas^ 


for breath. This should not be confused 
with what is commonly designated 
"brooder pneumonia” or mold infection, 
and^ neither should it be mistaken for in- 
fectious bronchitis, Newcastle disease, or 
some other respiratory disturbance. The 
mortality may vary from no losses to ap- 
proximately 100 per cent in serious out- 
breaks. The morbidity and mortality rates 
are dependent upon many factors. The 
greatest losses occur usually during the 
second week after hatching with a rapid 
decline during the third and fourth weeks. 
Survivors may be greatly retarded in their 
growth and appear as underdeveloped and 
poorly feathered birds (Fig. 8.11). How- 
ever. some survivors may not reveal any 
peat setback in growth, but grow to matur- 
though harboring the infection. 
Chick flocks which have passed through a 
serious outbreak usually reveal a high 
percenuge of carriers at maturity. 

Evans et al. (1955) reported a blindness 
m chicks associated with salmonellosis. In 
one case S. pullorum was isolated from the 
anterior chamber of the eye and from the 
tibiotarsal joint. Fluctuating swellings of 
the tibiotarsal and the humeroradial and 
ulnar articulations, containing amber vis- 
“US exudate or a lemon-colored gelat- 
inous material, have been ascribed to S. 
puUorum infection in diicks 2 weeks or 
older. Bacteriologic examination of the 
inflammatory process will yield pure cul- 
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tures o! ihe organism. This arihritic in- 
volvement has been obsened by scscral 
workers (Beaudette, 193G: Ferguson et ah, 
1961; Van Roekel and Smjscr, 1902). 
Davis et aJ. (19G1) referred to this clinical 
manifestation as a subcutaneous hlisicrlike 
lesion. One should not confuse this mani- 
festation of pullorum disease with arthritic 
conditions produced by other inicciious 
diseases. 

Chicks hatched from an infected flock 
and raised on the same premises will usu- 
ally reveal less mortality from the disease 
than chicks from the same flock shipped 
away. 

In chicks that die suddenly in the early 
stages of brooding, the lesions are limited. 
The liver is enlarged and congested, and 
the normal yellow color may be streaked 
with hemonhages. In the septicemic form, 
an active hyperemia may be found in otlier 
organs. The yolk sac and its contents re- 
veal slight or no alteration. In the more 
protracted cases, an interference wiUi yolk 
absorption may occur, and ti\e yolk sac 
contents may be yellowish in color and of 
creamy and cheesy consistency. Necrotic 
foci or nodules may be present in the 
cardiac muscle (Fig. 8.12), liver, lungs 
(Fig. 8.13), ccca, large intestine, and (he 
muscle of the gizzard. Pericarditis may be 
observed in certain instances. The liver 
may reveal punctifonn hemorrhages and 
focal necrosis The spleen may be enlarges! 
(Fig. 8.14) and the kidneys congested or 
anemic with ureters prominently distended 
with urates. The ceca may contain a 
cheesy core, sometimes tinted with blood, 
which should not be confused with a some- 
\vnat s'lmi'lar 'lesion encountered in coc- 
cidiosis The wall of the large intestine 
may be definitely thickened Frequently 
peritonitis is manifested. Doyle and Math- 
ews (1928) report that the liver is the most 
constant seat of gross lesions and followed 
in order by the lungs, heart, gizzard, and 
ceca. Among cliicks only a few days old, 
the lung lesions may consist only of a 
hemorrhagic pneumonia, whereas in older 
chicks small yellowish-gray nodules and 
areas of gray hepatization may be found. 



fIG, 8,14 — (A) Normol spleen (IZ-doy-old 
efikid. (8) Pullorwm-tnfested spleen exhibiting 
marked enlargement (Id-day-old chick). 

The nodules in tlic mjocardium may at- 
tain a size causing a marked distortion in 
the slta{>c of the heart. 

The histopathologic findings in young 
cliicks alTectcd with pullorum disetise pre- 
sent features not markedly different from 
those in other infectious diseases. Do)le 
and Mathews (1928) state that in young 
cliicU the livers show liypctemia, Iieroor- 
rhages. focal degeneration, and necrosis 
(Fig. 8.15). They claim that the accumu- 
lation of endothelial leukocytes whicli re- 
place titc degenerated or ncaoiic liver cells 
is a diaractcristic cell reaction of the User 
to S. pullorum infection. The liistopatho- 
logic pulmonary lesions may consist of 
diffuse, acute congestion and hemonhage 
in the early stages. Later, well-defined 
focal lesions appear whicli consist diiefly 
of a mononuclear infiltrating type of cell, 
serofibrinous exudate, and cellular debris. 
The larger lesions may involve several 
lobules, brondiiolcs, and brondii termi- 
nating in necrosis. 

The nodules in the myocardium and in 
Use muscle of the gizzard represent largely 
an infiltration with mononuclear cells and 
degenerative changes of the muscle fibers. 

The pulmonary and cardiac lesions may 
be considered of considerable diagnostic 
importance. However, for an accurate diag- 
nosis of diseased specimens, the presence 
or absence of these findings should be 
confirmed by bacteriologic examination. 

DIAGNOSIS 

The identification of pullorum disease 
in maturing and adult stock should be 
made on the basis of serologic findings and 
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FIG 8.15 — Liver revealing 
generation ond necrosis. XlOO- 



not on clmical and postmortem obKrva- 
tions. Bacteriologic examination shoum oe 
made in acute cases o£ the disease an 
certain instances when the 

ines may appear questionable. Other m- 

lectious diseases such as fowl typ | 
fowl cholera, paratyphoid infection, 
avian monocytosis may at times , 
cult to differentiate from pullorum iniec 
tion without recourse to a 
examination. Disturbances of the ® 
reproductive system are common in ‘ 
ens, but pullorum disease can be 
nated for only a portion of them t & 
8.16). Serologic findings should not « 
considered final for all suspicious « 
pullorum disease. Fowl Lypho»d-»u^ 
birds and occasionally those har & 
paratyphoid organisms will give a p«‘ 
ten When their sera are tested with P“h 
lorum antigen. Furthermore, it has 
observed in routine pullorum . . 

other bacterial organisms may cause 
to produce sera that will give 
reactions with pullorum antigen ( ^ 
ri ah. 1947; Gwatkin. 1946). 
agglutination reactions for 
ease were observed with serum o 
from chickens infected with S. 
far. danviz, an organism used ih 
(de Blieck and Marihedal, „ic. 

teriologic examination should be FF 


menied in sucli instances tor an accurate 
‘^'xhe ba'iS '’orbaclerio°ogic 

chicks should . well-pronounccd 

examinauon even hough^vei quite 

lesions which y . . | observed, 

characterlsuc of he ’"^JXe should defi- 
Such a or of 

nitely jfafyphoid, slaphylococ- 

ST °S?“Td'’/ed=TTl Re“»TtWo,T 

Official State and F lora 

ers in A"‘"a‘ ““.“sltte, Litestock Sant- 
and b, the Untied Su.et 

my Associauon Salmonelh 

onlycrittnnn olin^ 

pullorum shall b jj^^ucs 

organitm ‘'o'" “ j complete tJcnii- 

„( suspected chicks .,,„a„d beef iiilustoii 
fication." O"*'" J , the isolation ol 
„gar is "“mmend^ teen 

the organism, a^ leading to par»af 

in transit lor torn j,„cM. brilliant 

detomposittot. o“h= ,, acscitbcd 

men liter ‘"f"' "Ig, i, recommend^, 
by Mallmatin (U-J) jCcctitc media 
iSioS:="'TrS. sCenite broth, S-S, 
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and MacConkcy agar) have been found 
useful in isolating the organism. 

Cultures should be incub.;tcd (rum 21 
to 48 hours at 97'’ C., and characteristic 
colonics should be identined by Cram* 
stained slide mounts and by their fenuent* 
aihe reaction in glucose, lactose, saccha* 
rose, and dulcitol. The antigenic specific* 
ity should be tested against known pnsitise 
and ncgaiisc pulloruin sera. A Cram- 
negatise medium rod, producing acid and 
gas, or acid in only glucose, and agglu- 
tinating wiili posilisc senim, is to be re* 
garded as a typical criterion (or Salmonella 
pulloruin. The antigenic specificity may 
be tested with the rapid scrum method, as 
recommended by Stafseth and Coibuit 
(1940), whidi may expedite completion 
of the examination anti reporiitig the tliag* 
nosis to the consignee. Approximately 48 
to 96 hours are requited to obtain a diag* 
nosis after the consignment arrises at tlie 
laboratory. Reliable and expeditious diag* 
nostic service is essential because it may 
avoid serious losses and spread of the dis- 
ease. 

THERAPEUTICS 

Until recently, efforts to reduce losses 
in outbreaks of puliorum disease through 
medicinal treatment have met with little 


or no success. Drugs and thcinicali hate 
been tcjxirtcd to hate no beneficial 
iiinucncc when taken into the alimen- 
tary tract (ncatli .ind Frccboin. 1927). 
Ilypochlotice soluiiom were found to be 
of some v.iluc as a drinking water disin* 
fcaaiil. However, from a practical stand* 
jxsint, consulciitig the various other dun* 
lids ihiough which the oiganism may 
spicad in a ftcsck, it appears doubtful 
vvhciher the cx{)ciuliiutc for a drinking 
water divinfcLunt would be justified. 

Iftuoductiun of sulfonamides in (he 
control of ihe infection has revealed ilut 
sulfumcrazine, sulfamcilu/ine. and sulfa* 
<|uihoxa]inc may be effective in redudng 
moTtaltiy Irom the disease. Jloweser, 
these drugs failcvl lo prevent a retardation 
■n growth associated w iih the disease. Like* 
vvise. the incidence of tcaciors among sur* 
visors was not reilucal by administration 
these drugs (Scvctciii ft al, 1915: 
Bottotff and Kiser, 191G; Cwaikin. 19(8: 
Anderson et ai, 1918: Cole, I9IS: Dickin- 
son and Stoshlard, 1919: Crumbles et ah, 
1950; Cooper et al., 1951). Tlic value of 
antibiotics in the conitol o( pulloruin vlis* 
ease is not known. Ch.*tng and Stafseth 
(I950 j, 1950b) found that streptomycin 
vsas bactericidal and that (his activity was 
enhanced by the use of sulfadiazine. He* 
cemly furazolidone, commonly known as 
nM80, h.is been found to have some merit 
in preventing serious losses from Uie dis- 
ease. Tl)c drug is adininistcml in the feed 
at levels of .Oil per cciii and higher 
(Bicrer, 19G1; Gordon and Tucker, 1955: 
ilcndcrson et al., 1938: Richey, I9G2; 
Smith, J95}; U’ilsoit, 1953, 1956; Smyscr 
ami Van Roekcl, 1957, 1958). 

The use of sanitary drinking fountains 
and" feed hopyvers, the frequent removal 
of coiitaminaicd litter, the maintenance of 
proper and uniform brooding tempera- 
tures, the avoidance of overcrowding, and 
tlic prompt removal of visibly sick and 
dead ducks are management measures 
which will reduce the spread of the infec- 
tion and minimize losses. 

Moore etai. (1934) have shown that in- 
creasing the brooder temperature from 5 
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to 10 degrees above that recommended for 
normal brooding operations rvill reduce 
the mortality. Bushnell et al. (1926) a>n* 
eluded that the feeding of sour miJk is 
of little value in the control of pullorum 
infection, except that it may increase the 
vigor of the chicks due to its food value. 
Roberts et al. (19S9a) reported that diet 
exerted an influence on the morbidity and 
mortality due to S. pullorum. A high mor* 
tality resulted from the feeding of laying 
mash, but when chick mash was substi- 
tuted the high mortality disappeared. 

Biotherapy (vaccines, bacterins, and 
serums) (van Hcelsbergen, 1929) has been 
tried but has not given satisfactory results. 
According to Mallmann (l931a), phage 
therapy also has been ineffective in con- 
trolling the disease. 

Incubator sanitation and disinfection 
are very essential in combating pullorum 
disease. At the start of hatching opera- 
tions and repeated between hatches for the 
duration of the hatching season, incu- 
bators should be thoroughly cleaned and 
disinfected, Hatcherymen frequently over- 
look the fact that thorough cleaning 
ought always to precede disinfection. 
Liquid disinfectants and fumigants have 
their effectiveness greatly reduced if used 
in incubators containing chick down, egg- 
shells, excreta, and other debris. 

Formaldehyde, an extensively used fu- 
migant, has been found very effective in in- 
cubator disinfection. Investigations (Bush- 
ndl et aL, 1929; Bushnell and Payne, 1931: 
Graham. 1941; Gwalkin, 1927; Insfco <f 
al-, 1941) have revealed that definite pro- 
^*hures must 'be tdffowed to o'btain fne 
optimum results. It is generally recom- 
mended that S5 cc of formalin be added 
to 17.5 gm. of potassium permanganate 
to fumigate 100 cubic feet of incubator 
space with wet-bulb and dry-bulb tempera- 
ture readings of 86°-90* F. and 100® F., 
respectively. The exposure to the g3S 
should be not less than 1 hour nor more 
than 3 hours. 

Burton (1946) emphasizes that at least 
150 cc of formalin and 100 gm. of J»tas- 
sium permanganate be used to fumigate 


100 cubic feet of inside incubator space. 
After 20 minutes’ exposure to the gas, 
complete destruction of S. pullorum was 
observed. It is stressed that factors such 
as air leakage, improper humidity and 
temperature, circulation of gas within the 
incubator, and duration time of fumi- 
gation all play a very important role in 
effective fumigation of the incubator. 
Considerable leakage of gas was found in 
some commercial machines. Earlier Gra- 
ham (1941) reported that maximum re- 
sults of fumigation (using 35 cc of for- 
roalin and 17.5 gm. of potassium per- 
manganate for each 100 cubic feet) may be 
expected only if incubators are relatively 
clean and if the doors of forced-draft in- 
cubators are kept closed for a minimum of 
3 hours following the release of the for- 
maldehyde. The gas may then be liber- 
ated from the marine either by opening 
the doors for a few minutes or by neutral- 
izing with strong ammonia water. The 
ammonia water may be sprinkled on the 
walls of the inside chamber. In forced- 
draft incubators, the diffusion of gases is 
very rapid and effective; however, first the 
proper temperature and humidity should 
be established. Insko et al. (1941) advise 
raising the wet-bulb reading to 92'^--94®P. 
at ilie time of fumigation and maintaining 
the dry-bulb thermometer at normal oper- 
ating temperature. Fumigation at high 
concentrations during the first S days of 
incubation is advised against, because the 
embryos at this period can tolerate less 
formaldehyde than ac a later age. Losses 
of practical significance were not observed 
unu't 'roar ifnnes norrna’t concentration 
cc. formalin per 100 cubic feet of space) 
of the fumigant was used. 

When eggs are hatched in separate 
hatching compartments, they should be 
fumigated on the eighteenth to twcntieili 
day of incubation. Fumigation may be 
repeated al short intervals during the 
hatciting process but should not be delayed 
until the diicks have dried. The relative 
humidity should be maintained at a high 
level, which will aid the chick in wiili- 
standing the gas. The incubator should 
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remain closed for 8 to 10 minutes. Im- 
mediately after each fumigation all chicks, 
whether \;'et or dry, should be removed 
from the incubator and kept in a comfort- 
able environment. Ammonium hydroxide 
may be used to advantage in neutralizing 
the formaldehyde and in facilitating the 
handling of the chicks. 

In addition to the formalin and potas- 
sium permanganate method, the use of 
cheesecloth saturated with formalin has 
been recommended. This latter method 
may be more economical in the use of 
formalin, hut it requires a longer fumi- 
gation period. Commercial fumigants 
(Graham, 1941) are also available on the 
market, but the public should refrain from 
using such preparations until they arc en- 
dorsed. by qualified authorities. 

Effective incubator fumigation by the 
formaldehyde method cannot be expected 
unless proper conditions prevail, and even 
then certain limitations exist as in the 
case of fumigating chicks in the process 
of hatching Complete destruction of S. 


pullorum does not occur, but it is possible 
to reduce the chances of infection to some 
degree within the incubator. Incubator 
fumigation should be regarded as only one 
step or means that may be employed to 
ads'antage in a program designed for the 
control, eradication, and prevention of the 
disease. 

CONTROL AND ERADICATION 

Rettger et al. (1914) first reported that 
tliey had definitely established the com- 
plete cycle of infection and that chicks 
which were infected with the organism 
when small may develop into permanent 
carriers and be a constant source of danger 
to young and old stock. They found that 
the carrier condition might be established 
in approximately 25 per cent of an in- 
fected flock. To combat the disease suc- 
cessfully. these investigators stated that the 
infection cycle should be broken. Attempts 
were made to detect the carriers in flocks 
by the recognition of diseased ovaries in 
birds that were slaughtered for meat. This 
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(Difco) 0.4 per cent, and water. The final 
hydrogen-ion concentration should range 
from 7.0 to 7.2. The cultures should be 
transferred not more than once a month. 
Seed cultures should be taken from the 
stock strains rather than from rapid serial 
transfers in order to avoid contaminants 
or possible variation in the characteristics 
of the organism. Large test tubes, Kolle 
flasks, or Blake bottles containing nutrient 
agar medium may be used for producing 
the antigen. After 48 to 72 hours' incu- 
bation, the growth is washed off with suf- 
ficient phenolized (0.5 per cent) saline 
(0.85 per cent) solution to produce a very 
concentrated suspension. This suspension 
is filtered through sterile absorbent cotton 
or glass wool into sterile glass-stoppered 
bottles. The washings for each of the three 
strains are combined in equal volume- 
density, and the stock antigen is stored at 
80-10® C. 

An alternate medium, designated tliio- 
sulfate glycerin and frequently referred to 
as TG medium, may be used to prepare 
antigen. It is claimed that this medium 
provides an antigen of excellent specificity 
and greatly increases the yield of the anti- 
gen from a given volume of medium (Wil- 
liams and MacDonald, 1955). 

For routine testing, a dilute antigen is 
prepared from the stock antigen by di- 
luting the latter with physiological saline 
solution containing 0.25 to O.S per cent 
phenol. The turbidity of the antigen cor- 
responds to 0.75-1.00 on the McFarland 
nephelometer scale, and the hydr<^en-ion 
concentration is adjusted to pH 8.2-8.5 by 
the addition of dilute sodium hydroxide. 
The dilute antigen is prepared each day 
in order to reduce dissolution and plas- 
molysis to a minimum at the specified 
hydrogen-ion concentration. 

The amount of diluted antigen em- 
ployed in individual tests may vary from 
1 to 2 cc.; however, the amounts should be 
constant and placed in clean, dear lest 
tubes. Commercial devices are recom- 
mended for this phase of the work. The 
sera are added to the test tubes contain- 
ing the antigen with a serologic pipette or 


a serum-delivery device which is accurately 
calibrated to deliver definite amounts. The 
ma xim u m dilution employed must not 
exceed 1:50 and, according to available 
data, the 1:25 dilution appears to be the 
most efficient. After the serum and antigen 
are well agitated, the mixture should be 
incubated for at least 20 hours at 37® C. 

The results of the tests are interpreted 
as follows: Negative lest represents a test 
in whidi the fluid remains uniformly tur- 
bid. Positive test represents a test in which 
the antigen reveals a distinct clumping, 
and clumps of cells have settled to the 
base of the tube with the supernatant fluid 
being dear. Gradation of clumping or ag- 
glutination may occur between negative 
and complete positive tests. These may be 
designated as slightly and strongly sus- 
pidous. 

All suspicious and positive reacting tests 
should be reported to the agency respon- 
sible for the disposition of infected birds. 
Also, all broken, missing, and spoiled 
samples should be reported. In case the 
past status of the flock has been free of 
infection and only a few reactors are de- 
tected, the serologic diagnosis should be 
confirmed by bacteriologic examination of 
the reactors. An approved bacteriologic 
examination procedure for reacting birds 
has been prescribed for official testing 
(The National Poultry and Turkey Im- 
provement Plans, 1963). Such a procedure 
will avoid a false diagnosis of fowl typhoid 
or paratyphoid infections. If only suspi- 
cious reactions are observed in a flock, then 
the strongest reacting birds should be sub- 
mitted to the laboratory for retesting and 
a careful bacteriologic examination. In 
routine testing, flocks should not be con- 
demned as infected on the basis of doubt- 
ful or atypical reactions because such re- 
actions may be due to causes aside from 
S. pulloTum. If no conclusive evidence of 
pullofum infection can be found, the flock 
should be regarded as negative. This state- 
ment is based on observations made in 
routine testing in the New England States 
^an Roekel and Bullis, 1937). The lower- 
ing or removing of the official pullorum 
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status of a flock should be exercised only 
after conclusive evidence of infection has 
been established. 

THE STAINED-ANTIGEN, RAPID 
WHOIE-BLOOD TEST 

The stained-antigen, rapid whole-blood 
lest was first developed by Sdiafler et al. 
(1931), and Coburn and Stafseth (1951). 
At the present time, the antigen for this 
method is produced under federal license 
from the Secretary of Agriculture, in ac- 
cordance with specific directions. 

For a detailed description of the official 
procedure, reference should be made to 
the revised report on The National Poul- 
try and Turkey Improvement Plans 
(1965). Briefly, the method may be de- 
scribed as follows; A wire loop, three- 
sUieenlhs of an inch in diameter made 
on the end of a 2)/4-inch length, noncor- 
rosive wire (Brown and Sharpe gauge No. 
24), is Used to measure the blood. One 
end of the wire is inserted into a cork 
stopper which serves as a handle. A loop- 
ful of blood is taken from tlte punctur^ 
wing vein and contains approximately .02 
cc. when the blood appears to bulge out. 
The looptiil oi blood is mixed with the 
stamed antigen which has been placed on 



j glass plate marked off in inch squares. 
The antigen is measured with a medidne 
dropper svhose tip is constructed to deliver 
.05 cc when held in a vertical position. An 
antigen-blood dilution of two to one or 
three to one has been reported to give tlie 
most satisfactory results. The loopful of 
blood is mixed with the antigen, and the 
mixture is spread out about an inch in 
diameter. The loop is washed in dean 
water and dried with cheesecloth or blot- 
ting paper. The glass plate is tilted up 
and down several times to aid in the mix- 
ing of the blood and antigen and appar- 
ently has some influence on the speed of 
the agglutination. Reactions may occur 
within a few seconds up to 2 minutes. De- 
layed reactions should be regarded as non- 
specific A positive reaction consists of the 
clumping of the violet-stained cells float- 
ing in clear fluid (Fig. 8.21). The rapidity 
of the reaction and the size of Use clumps 
are influenced by the agglutinating power 
of the blood. Partial reactions should be 
regarded as suspicious and treated in the 
same manner as those obser\’ed in the other 
testing njeihods. Sometimes a very fine 
granulation appears which sitould be con- 
sidered negative. Very infrequently ag- 
glutination of the red blood cells occurs 
.ind should not be contused with the 


FIG. 8.21 - Stomed-anUgen, 

tesl. <l«fO NegatfV® reaction. IRighl) ro»i- 

tiva reaction. 
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dumping of die stained bacterial cells. The 
fine marginal flocculation, whidi may be 
observed before drjing of the mixture, is 
to be considered negative. A negative re- 
action is one in which the mixture re- 
mains homogeneous for at least 2 minutes. 
MacDonald (1917) developed a colloidal- 
sulfur medium (K) for the production 
of antigen. This medium produces an anti- 
gen vvhidi is superior to other stained anti- 
gens provided previously. Since July I. 
1953. all whole-blood crystal violet-stained 
antigen has been produced according to 
the K formula and is known as K antigen 
(Williams and MacDonald, 1955). Since 
July 1, 1937. all antigens have been of the 
polyvalent type whidi contains both 
"standard" and “variant" type strains 
(The National Poultry and Turkey Im- 
provement Plans. 19C3). 

Only those reactions which appear 
witliin 1 minute after the mixing of the 
blood and antigen should be considered 
definitely positive, while reactions delayed 
for 2 minutes should be considered sus- 
picious. 

In order to appioach uniformity of re- 


sults, the testing plate should be well 
lighted at all limes, and the temperature 
should remain at a constant level. A tem- 
perature of 75°-85° F. is considered satis- 
factory. The test plate should be free of 
dust and so constructed that it can be 
tilted with ease. The tested birds can be 
retained in cither special holding equip- 
ment or ciatcs and released as rapidly as 
the results of the test become known (Fig. 
8.22), Afl birds in the tested flock should 
be olHcially leg banded. The accuracy of 
the results is greatly influenced by the 
competency of the testing agent and his 
thoroughness and care in conducting the 
test. 

THE RAPID SERUM TEST 
The rapid scrum test for the detection 
of pullorum disease carriers was developed 
by Runnells et al (1927). The blood 
samples may be collected in a manner 
similar to that described for the tube test. 
The antigen employed should consist of 
representative strains of S. pullorum which 
are of known antigenic composition and 
aggiuiinability. but which are not 
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sensitive to negative and nonspecific sera. 
The strains are suspended in 12 per cent 
sodium chloride solution containing 0.5 
per cent phenol. The turbidity is adjusted 
to 50 limes greater than tube 0.75 of 
McFarland’s nephelometer. 

A box with a glass top ruled off in inch 
squares and improvised with lighting and 
heating facilities was used for testing. Two 
serum-antigen dilutions corresponding to 
the 1:50 and 1:100 dilutions for the tube 
test tvere employed. The amounts of serum 
used were 0,02 cc. and 0.0! cc. to which 
was added 0.02 cc. of antigen. The serum 
and antigen were mixed thoroughly with 
a toothpick. Positive reactions may occur 
quickly, but delayed reactions may require 
several minutes (Fig. 8.23). Gradations of 
reactions occur in this tiicthod as in other 
methods. Considerable experience is neces- 
sary for proper interpretation. This 
method should be used only in competent 
hands if the results are to be regarded as 
oiTicial. The results of the tests and the 
numbers of spoiled, broken, and missing 
samples should be reported directly to the 
flock owner or the agency in dtarge of the 
field work. 

MISCELLANEOUS TESTS 

Other tests, including the intradcrmal. 
precipitin, and complement-fixation meth- 
ods, ucrc found to be unreliable arid Im- 
practical for the control and eradication 


of the disease (Ward and Gallagher, 1917; 
Bushnell and Brandly, 1929; Edwards and 
Hull, 1929; Michael and Beach, 1929; and 
Rettger et al., 1930). 

Williams (1951) has described a so-called 
spot test for the detection of infected 
diicfcens. This test may serve as a useful 
adjunct to the agglutination test, especially 
in flocks in which suspicious reactors are 
detected. 

Limited observations have been reported 
concerning a flocculation test for pullorum 
disease by Rotnowski and Foltz (1958). 

In the control and eradication of the 
disease, the actual detection of infected 
birds through testing is only an Integral 
pan of a large program. A testing program 
vhicli does not consider all the ramifica- 
tions of pullorum disease is doomed to 
meet failure. Indiscriminate testing for the 
purpose of advertising or promoting the 
sale of stock should be prohibited. An ade- 
quate testing program should give con- 
sideration to the following eradication 
and preventive measures: 

I. All birds over five months of age 
should be tested annually in order to de- 
termine the true status of a flock. When 
infection exists in the flock, partial flock 
testing is not as effective in eliminating the 
disease from the premises as is 100 per cent 
testing. 

On commercial farms where large units 
of birds are maintained for egg production 
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in addition to units held for breeding pur- 
poses. tlie testing of only the breeding stock 
might suffice provided proper facilities ex- 
ist for the segregation of the two groups 
and adequate precautionary measures are 
carried out against direct or indirect con- 
tact between the two groups. One should 
not consider a plant having both untested 
and tested birds as safe as a plant with 
only tested birds. A keen and careful buyer 
of stock will always carefully investigate 
this point and buy only from a flock whose 
status is without doubt. 

Intermittent testing, that is, testing one 
^ear and not the next, or on alternate 
years, is a procedure which is not effective 
in establishing or maintaining a free flock. 
Those engaged in an official testing pro- 
gram should adopt the policy of mini- 
miring such a practice. 

2. Flocks revealing infection should be 
retested within two or four sveeks until a 
negative report is obtained provided the 
value of the birds justified the expendi- 
ture. in the majority of cases, infection can 
be eliminated from a flock through short 
interval testing. Two or three retests in 
many instances are sufficient to detect all 
the infected birds in a flock (Table 8.1). 
Occasionally, infection may be very per- 
sistent, so that its elimination may not be 
accomplished by a testing program 

A retesting program for an infeacd 
flock or flocks should be complete to the 
extent that all infected birds have been 
detected and removed Permitting one or 
a few infected birds to remain in a flock 
after a partial retesting program has been 
applied may lead to the propagation of 
the infection in the progeny of that flock 
which will necessitate a program of mul- 
tiple tesdng from year to >ear to combat 
the disease The objective should be to 
eliminate all of the infected birds from 
the breeding flock and reduce the cost of 
testing to one annual test in order to de- 
termine the status of the flock. In areas 
where the majority of flocks are free of the 
disease, the need for multiple retesting has 
been eliminated, which consequently rep- 


resents a great economy to the poultry in- 
dustry. 

Infected flocks of inferior breeding or 
revealing heavy infection should not be 
(xinsidered for retesting. Replacements 
from known pullorum-clean sources will 
prove more effective and less expensive 
than intensive retesting for the establish- 
ment of a free flock. However, the pullo- 
nim disease-free stock selected for replace- 
ments should be protected against rein- 
fection, which is not always fully appreci- 
ated. In some states the policy of replace- 
ment of infected flocks with stock from 
free sources has contributed more to the 
eradication of the disease and at less cost 
than could have been accomplished 
through retesting. In areas where an appre- 
ciable number of flocks still harbor the in- 
fection, it would behoove the official state 
agencies, commercial haccherymen, and 
flock owners to carefully consider ways and 
means whereby similar progress can be 
made in their respective localities. Once 
the goal of pullorum freedom has been 
atuined, a retrogression to pullorum- 
infected flocks will not be tolerated. 

3. Every reactor, regardless of its value, 
should be removed from the premises and 
sold for slaughter immediately upon the 
completion of the test. When reacting birds 
are submitted to the laboratory for ne- 
cropsy to confirm the results of the test, 
the recommended minimum procedure for 
bacteriologic examination should be fol- 
lowed (The National Poultry and Turkey 
Improvement Plans, 1963). Reactors 
should not be retained or sold for egg 
production because they would serve as 
sources for the spread of the disease. 

poultry houses, runs, and equip- 
ment should be thoroughly cleaned and 
disinfected immediately after removal of 
reactors. Disinfectants approved by federal 
or state agencies are recommended. 
Thorough cleaning of pens anil other con- 
taminated areas on the premises is most 
essential to attain eradication. Van Roe- 
kel et al. (1941) have observed that S. pul- 
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or home consumption, as VrCi 


sgsssa 

“Tire'S ’’anrinterlile eggs from urn 
known or infected „rh 

fed to dnckens or exp skunks that 
“a^iyor^'eadthe’in^^ 

S;SrreSr^----“"- 

tmcled from ““["‘p,,, „stom hatch 

8. Poull^ren slrouU . 

for untested or , i ^iew of the 

fowl other be transmitted 

fact that the infection can be 
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through the incubator. This likewise ap* 
plies to commercial hatcheries. Only 
hatching eggs from officially recognized 
clean flocks should be selected by com’ 
mercial hatchcrymen. Ample pullorum- 
clean stock is available to all hatchcry- 
men, and there should be no compromise 
to hatch known inteclcd stock. The haz- 
ard of transmission is too great, if this is 
not recognized and observed, progress in 
pullorum disease eradication will be 
greatly delayed. 

9. Vigilance in die purchase of stock 
in the fonn of adults, chicks, and eggs from 
clean sources will reduce the number of 
"breaks" among tested flocks, and also 
will lessen the incidence of pullorum dis* 
ease among specimens submitted to the lab- 
oratory. Official state agencies or their pub- 
lished lists of pullorum-frce flocks should 
be consulted as a guide in the purchase ol 
Slock. Purchases should not be made on 
advertisements or sales literature alone, 
because of the lack of information or miv 
leading statements. In recent years the 
production of started pullets has become 
a general practice. Frequently birds raised 
on different premises and originating from 
different breeder flocks are placed togctlier 
on one farm as breeders. In numerous in- 
stances one is unable to trace the history 


of the birds, and if a pullorum "break" 
occurs it is impossible to trace the source 
of the infection. 'This involved and 
complicated rearing practice adds furiJicr 
difficulty 10 an eradication program. 

10. Birds removed from the premises to 
c^-laying contests and exhibitions should 
be held in quarantine and determined free 
of the disease before tJjcy are readmidfil 
to the flock. In several instances the source 
of pullorum infection vvas traceable to 
conicsu and shows. Birds returned to the 
premises should be tested immediately 
upon their arrival and reicsicd after 50 
days* quarantine. The safest procedure is 
not to return such birds to tbc breeding 
flock in order to avoid introduction of 
other diseases as well as pullorum disease. 
Exhibition and fancier breeding flocks 
should be tested and reveal no infection 
before they arc permitted entry into a 
|)OuIiry show. Since these exhibition birds 
may enter several shows in one season, they 
tould sene as potential spreaders if i«* 
lected. 

11. Fowl otlicr than diickcns should be 
considered as a possible source of infec- 
tion. The testing of such fowl may aid in 
determining ilicir pullorum status. The 
eggs from chickens and from fowl other 
than duckens should not be hatched 


TABLE 82 

PuLLoxuM Disease TuriNc Summakv or M SrAixs CotEUNc a 35-Yeaa Pia/od* 




l!>27-28t 193'MO 


1930-51 


Chickens on hand . . 

Number of tests 7»35I 

-Re w: n L-yi* ,JVJV u V V . tscs* 

(based on birds) 50^ 

Number of negaliie flocks 

(too per tenl tested) 572 

Number of breaks in negative flocks 
(100 per cent tested) 45 

Number of pullorum-cican flocks 201 

Number of birds in puUorum-cUan 
flocks 112.605 


73373.000 93,179,000 

5.032200 13.798.259 

tie 0.21 

t.«3 n,D0S 

325 313 

1.735 10.315 

1365357 9,952,416 


1902-63 

76,174.000 

11.352.111 

00007 

3,806 

6 

3,753 

10.974578 


York, North Carolin 


Delaware, Mairte. Maryland, Massachusetts, New Hampshire, New Tetscy, New 
Pennsylvania, Rhode Island, Vermont. Virginia, and West Virginia. 


f Does not incluilc North Carolina, Vennont, and Virgima. 
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TABLE 8J 



Number of ftocVs 

Number of birds 

Percentage of positUe tests . 

Birds in pullorum-clcan flocVs ■ • 

simultaneously in the same incubator. 

This precaution will avoid the spread ^ 
paratyphoid iniections as weii as 
SLasTamong the different rp«.es oi lowh 
12. Used leetl bags and other e<ib.p^nt 
that may have been exposed to or eontami 
naled witl. inteclive material should not 
be used unless properly cleaned and di> 

Weeted. Dunlap ('53') hfch 

mission o! the disease to chicks which were 
fal mash Irom an artificially 
bag. The chance o[ processed 
during pullorum infection c ^ • j 

ignored and further investigation is needed 

concerning Uiis phase o the P™^,^ 

13, Poultry vaccines should be F'l” 
from embryonating cliicken _ I 

selected from 

pox vaccine prepared from infect^ W 

Z been rci^nsible 

rum inlecrion in vacanalc 

nocks. As few as ten organisms per MFC 

centimeter of vaccine were able to mice 

chickens 0\non., 1951). Phcnomc- 

Eradication appears possible. ^ , 

nal progress in pullorum df“= 
and cradicaUon has been made in F 
decade (\'an Kockel, IBH)- a" 
of this country certain “arcs has 
the incidence of pullorum 
scry low lescl (Tables 8.2 and S.3V Some 
staVes. esimriall, in the ■»» 
porteil no reactors among the tcsic 
^able 8.1). Also, the rte 

non among slwcimens , 

;S:e;^SiM'rio:rspecime„. 


submitted Cor examination to -he diagnos- 
"Snily being elimLred Item poui.ry 
TABLE 8.4 

Ixicr«.oaTMoD*;afaj”™”’sMSrrx° 

Cakaoian ^,an DlSBAiEi 



Igisssl ‘SSI 
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TABLE 8.5 

iNCroENCE OF PULLORUM INFECTION IN 14 NoRTII* 
EASTERN States as Detected Among Tested Flooj 
AND CoNSiONMtKTS SUEMITTED FOR DiAONOSU 


j 1958 

1960 

1962 

State 

F* 

Dt 

F* 

Dt 

F* 

D! 



8 

3 

j 

0 


DeL.. 

3 

2 

16 

5 

0 



0 

3 

0 

0 

0 


Md.. 

2 

5 


19 

0 


hfm 

3 

3 

5 

5 

0 


N.H.. 

0 

3 

0 

0 

l> 



16 

4 

3 

15 

0 


N.Y 

3 

11 

2 

5 

0 


N.C 


34 

3 

2) 

16 

13 

Pa. 

12 

21 

4 

21 

1 

13 

R.I . 

0 

0 

0 

1 

0 


Vt. 

0 

1 

0 

2 

0 

2 

Va, 

10 

21 

18 

12 

1 

2 

W.Va. 

8 

6 

0 

2 

0 


Total 

65 

122 

ss 

109 

18 

50 


* Infected tested floclu, 1962^3 seasoa. 
t Number of positive diagnoses among oonslgnmetits 
submitted fOr diagnosis. 


flocks and that the disease is amenable to 
complete eradication. 

The poultry industry and those agencies 
which have been concerned with control 
and eradication are to be commended {or 
the progress that has been made in re- 
ducing the level of pullorum infection in 
this country. This has been accomplished 


on a limited voluntary basis. However, 
since pullorum disease is amenable to erad 
ication it tvill require certain regulatory 
measures implemented by state and federal 
disease regulatory agencies to bring about 
complete eradication on state and national 
levels. Some states have in recent years re- 
vised their disease laws in order to further 
the control and eradication of pullorum 
inlectioa. Groups of stales wiiJi tJie co- 
operation of the federal government arc 
considering area plans for the eradication 
of the disease. 

The poultry industry can benefit from 
the eradication programs applied to other 
types of livestock. State and federal disease 
regulatory agencies arc actively engaged in 
aniiDal health programs and can give valu- 
able assistance to the control and eradi- 
cation program for pullorum disease. In 
fact, a number of states have recogniicd Uve 
wisdom of including poultry diseases in 
their over-all animal disease control pro- 
gram and have taken progressive steps to- 
ward improving poultry health. 

In vfetv of the outsuruling progress that 
has been made in eliminating pullorum 
disease from tlie nation's poultry flocks and 
the increased interest manifested in total 
eradication, it is hoped that all states will 
strive toward the same goal. This will re- 
quire the fullest cooperation from the in- 
dustry as well as all other agencies iliat can 
contribute to this goal. 


TABLE 8 6 

F Pullorum Disease Diagnoses Among Consignments SueMnrEo t' 
PucHOsnc Services tw 7 States 


State 


California 
Delaware 
Indiana , 
Maryland 
Minnesota 
New Ifampshire 
North Carolina 


200t 

39 

2,S49 
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Paratyphoid and Arizona Infections 


Paratyphoid Infections 

Paratyphoid infections, as the term is used 
with reference to poultry, denote a large 
group of acute or chronic bacterial diseases 
caused by one or more of the normally 
motile members of the Salmonella genus. 
For purposes of discussion the nonmolile 
organisms, Salmonella pullorum and Sal- 
monella gallinarum, causative organisms of 
pullorum disease and fowl typhoid, respec- 
tively, are generally grouped separately 
from the paratyphoids. Salmonellosis is 
often used synonymously with "Salmonella 
infection" as an inclusive term to designate 
a disease caused by any one or more mem* 
bers of the Salmonella genus. S. pullorum, 
S. gallinarum, or a paratyphoid organism 
such as S. typhi-murium may independent* 
ly or together be the cause of salmonellosis. 
Chronic intestinal carriers of paratyphoid 
infections are common; however, the dis- 
ease seldom occurs in the acute, septi- 
cemic form except in young fowl or in ma- 


ture birds under stress conditions such iS 
virus diseases, inadequate diet, or unsani- 
tary environment. 

With the rapid expansion of the poulury 
industry, paratyphoid infections have be- 
come one of the most important groups of 
bacterial diseases affecting poultry, partic- 
ularly turkeys. Furthermore, domestvc 
poultry constitutes the largest single reser- 
voir of Salmonella organisms existing m 
nature. As this disease recognizes no inter- 
national boundaries and few host barriers, 
nationwide programs to eradicate it have 
not been attempted. Economically, para- 
typhoid infections are of most concern to 
commercial haicherymen and those en- 
gaged in domestic poultry raising. 
store owners, zoological park directors, pi- 
geon and fancy bird raisers, and those 
interested in wild game are also concerned 
with the disease. These diseases, as they 
occur in poultry and poultry products, are 
also of very significant interest to those en- 
gaged in work in the field of public health. 
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HISTORY 

Moore (1895) recorded the first 

tic case o£ 't,erof 

tic poultry in descrtbing an “ 

infectious enteritis in p.geons due to a to 
cillus of the hog drolera group. W d, rm 
provement of euiture procedures for the 
Llation of Salnronella and » '>1““ “ 
tion of the characteristtcs of " 

the genus, the frequent assoc, at.on of para 
typhoid organisms with disease 
in all types of poultry, as well 
mal species and man, rvas rapidly eslato 
lished" Hettger el el. X tom 

on the occurrence of paratyphoid 
in turkey poults in “''United Sam^JP" 
eroy and Fenstermacher (19 ) 
the infection in Minnesou turkeys in 1952. 

The numerous contribunons of • 

R. Edwards of the United 
Health Service, and his ’i „ 

knosvledge on the incidence, distribution, 
aTantfsenic typing of P*“yP''»‘^„’"5 
Atirona infections of fowl in the 
States will be cited in later sections ol this 
chapter. Dr. Edwards' 

served as a constant reference Jtotot to 
research and disease control * . . 

terested in Salmonella rnfections in this 
country and abroad. Much valui^n rn 
formation, providing a basis . 

tematic classification of the p XP . 
infections of poultry, has been . 

by Dr. Edwards and his co-worke« since 
the early 1930's. Furthermore, 
infections as the, occur in ponlt^ have 
been related to those occurring m oiner 
animal species and man. c 1.1 

Knowledge and interest in the MdjI 
paratyphoid infections of f*^ m 
ed StaL have also been advanced by the 
North Central Regional P»^tr^^ 
Conference, organized m lao • 
ference is composed of researcli, 1 ^ 
and regulatory Ckrnler- 

states. The North Central 
ence has sought to develop an s 
cuUural and serological 
study and control o£ Salmonella rnlecuons 

of poultry. 


There has never existed any ofircral na 

Uonal program for the eradrcatron of para 
typhoid infections of poultry such as that 
S^nperadon tor the eradicatmn of pub 
loturTdiseasc and fowl 
National Poultry and Natrona Turk y 
Improvement Plans (Anon., 19“^ ™ 

latter Plans do provide, however, that the 
olSial Mate agelrcy may at its own discre- 
tion uke paratyphoid infections under con- 
sideration^ in determining the pullorum- 
sideraiion National 

typhoid status of a tlocK.. , 

pEns maintain a Committee on Salmonel 
. ^ Related Enteric Diseases of 

f;rpemrtoi.“wiS^h“Zton:l Plans has 

the various states. 


etjoiogy 

800 serological types nedfic type 

genus wiih ^ 

designalion^^^h J expand- 

nella genus has resulted m of 

toigulrions r'P«to«“7.°' “".'d 
popuUtion m every part ol toe 
'"Srganisms of the P^XfiamW 

tocdllj.^ 
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normally motile by means of peritrichous 
flagella, but nonmotile variants arc occa- 
sionally encountered under natural con- 
ditions. Edwards et al. (1946) and Hirsch 
(1947) reported some strains of Salmonella 
that appeared to be nonmotile while pos- 
sessing well-developed flagella and flagellar 
antigens. 

Paratyphoids are facultative anaerobes 
and can be readily cultivated on initial 
isolation, from sources other than feces, on 
simple beef extract and beef infusion agars 
and broths. Optimum growth temperature 
is 37° C. When it is desired to obtain large 
yields of the organisms, media enhanced 
with serum, dextrose-starch, brain-heart in- 
fusion, beef heart infusion (McNeil and 
Hinshaw, 1951) , colloidal sulfur and glyc- 
erin (MacDonald, 1947), or cysteine hy- 
drochloride and glycerin (Harris and Wil- 
liams, 1957) can be used. 

Smooth broth cultures after incubation 
for 24 hours show a chick, homogeneous 
turbidity with no pellicle and very little 
sediment. Rough cultures in broth have a 
heavy, granular sediment and an almost 
clear supernatant fluid. Felix and Pin 
(1935) working with S. lyplii were able 
to produce rough strains by plating broth 
cultures which had been maintained at 
room temperature for several months. 
Stable rough strains were obtained by 
Biguin and Grabar (1953) through ace- 
tone treatment. Rough to smooth trans- 
formations of paratyphoid cultures are not 
easily accomplished Animal passage of 
cultures and treatment with guinea pig 
complement, as cited by Kaulfmann 
(1950), have been used for obtaining 
smooth cultures. In order to avoid the de- 
vefopment of rough cultures, Kauffmann 
(1950) recommended that media employed 
for the storage of cultures should contain 
no carbohydrates, and subculturing should 
be done as infrequently as possible. Lyo- 
philization is the best method to prevent 
roughness of cultures. 

Typical colonies of paratyphoids on 
agar culture are round, slightly raised, and 
glistening with smooth edges. Colonies are 
generally 1-2 mm. in diameter depending 


on the degree of dispersion on die plates. 
Rough (R) colonies may be encountered 
bodi among recently isolated strains and 
those maintained in the laboratory on ar- 
tificial media. R forms are dull and granu- 
lar widi irregular edges. From a practical 
standpoint, it is usually assumed that 
morphologically rough strains of Salmo- 
nella do not contain smooth antigens and 
such cultures cannot be typed serologically 
or used in the preparation of antigens for 
the agglutination test. Attempts have been 
made to distinguish rough cultures by 
testing cell agglutinability in saline or tryp- 
aflasinc (Paropana, 1953). or determin- 
ing color changes in cell masses suspended 
in Millon’s reagent (\V'hite, 1929). None 
of these methods is entirely satisfactory. 
Study of colonial morphology and obser- 
vation of growth in broth are perhaps the 
most practical procedures that can be fol- 
lowed in the laboratory. Kauffmann 
(1950) cited serological procedures as the 
only absolute methods to determine if a 
culture contains normal smooth antigens. 

The following properties, as desaibed 
by Edwards and Ewing (1962), are typical 
of practically ail memben of the paraty- 
phoid group: 

Dextrose — Fermented with gas 

Lactose — Not fermented 

Sucrose — Not fermented 

Mannitol — Fermented with gas 

Maltose — Fermented with gas 

Oulciiol — Usually fermented witli gas 

Salldn — Not fermented 

Sorbitol — Fermented with gas 

Adonitoi — Not fermented 

Inositol — Fermented or not fermented 

Indol — Not produced 

Methyl Red — Positive 

Voges-Proskauer — Negative 

Simmons' Citrate — Usually utilized 

HjS — Usually positive 

Urea — Not hydrolyzed 

Gelatin — Rarely liquefied 

KCN — Negative 

Nitrates - Reduced 

Motility — Positive 

Decarboxylases 
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Lysine — Positive 

Arginine — Positive, usually delayed 
Ornithine — Positive 
MaJonate — Negative 
Phenylalanine deaminase — Negative 

Cultures that do not possess 'he above 
characteristics may be excluded Irom the 
paratyphoid group unless it can be estab- 
lished that they possess antigens of known 
Salmonella types. It is not presently cus- 
tomary, however, to include certain Ari- 
zona strains possessing Salmonella antigens 
in the paratyphoid group. S. typki-murium 
var. Copenhagen, a frequent cause of para- 
typhoid infection of pigeons, occasionally 
forms no add and, more frequently, no 
gas in maltose broth. Consequently this 
organism is sometimes confused with S. 
puilorum on initial examination. 

Because of the delayed fermentative 
properties characteristic of certain enteric 
organisms, such as the Arizona, prolonged 
incubation of fermentation broths for 
three weeks or longer is often advanta- 
geous. Sealing of the tubes with cork stop- 
pers dipped in hot paraffin will Itasien the 
reactions. Basal carbohydrate broths with 
Andrade’s indicator have been very widely 
used for many years in the identification 
and study of Salmonella cultures. Kauff- 
mann{1950) recommended a basal 1 per 
cent peptone broth with bromthymol blue 
as an indicator. Bromcresol purple has al- 
so been used by some laboratories as an 
ihaVcator in the study of SahnonelTa cul- 
ture. 

Motility of paratyphoid cultures can be 
readily demonstrated through the use of 
semisolid medium as described by Edwards 
and Ewing (I9G2). This medium is also 
useful in the separation of flagellar phases 
for the preparation of antigens or typing 
sera. 

resistance and VIABIUTY OF 
PARATYPHOID ORGANISMS 
Paratyphoid organisms are quite sus- 
ceptible If) Jjfat and the majority of the 
common disinfectants. Most members of 
the group, suspended in saline, are de- 


stroyed by a temperature of 60° C. in ap- 
proximately 15 minutes. Bierer and Bar- 
nett (1961) demonstrated that washing 
eggs, the shells of svhich were contaminated 
with iS. iyp/it-murium, for either 3 minutes 
or 1 minute at 65° C. resulted in 99.5-100 
per cent kill of the organisms. Cresylic 
add and lye are frequently employed in the 
disinfection of poultry premises. Formal- 
dehyde is also widely used as a disinfectant, 
particularly as a fumigant for incubators 
and (latdiery rooms. Lancaster et al. 
(1952) reported that S. thompson and S. 
lyphi-murium were more resistant than 5. 
puHorum to the effects of ses’eral disinfect- 
ing solutions studied. 

Hashimoto (1961) found S. senjtenberg, 
in contrast to S. puUorum, to be resistant 
to the bactericidal properties of egg albu- 
men, yolk, and various embryonic fluids. 
Watanabe et al. (1959b) demonstrated that 
embryonic fluid and serum had no bacte- 
ricidal effect on S. senflenberg. Anellis et 
al. (1954) reported that in egg albumen Sal- 
monella organisms were more rapidly de- 
stroyed by heat at a high pH, and Banwart 
and Ayres (1957) found that raising the pH 
of egg albumen to 9 or 10 caused a reduc- 
tion in the number of surviving Salmonella 
organisms during processing of the prod- 
uct. Lerche (1957) noted that the addition 
of 0.25-0.5 per cent of ammonia was nec- 
essary to destroy Salmonella in egg white. 
Simskaya (1955) demonstrated that the in- 
activation of amylase in duck eggs can be 
oveu’ acr air lirutoc itr ».uinh-nr ulif al-swuciimr 
of Salmonella organisms in such eggs fol- 
lowing beat treatment. 

Watts and \Yall (1952) found that S. 
lyphi-mun'um could survive for at least 
119 days in ponds in Australia. Kraus and 
Weber (1958) demonstrated that Salmo- 
nella organisms could survive from several 
weeks to S months in drinking w.itcr and 
natural surface water, being affected inde- 
pendently by the nutritional conditions 
and the temperature of the water. Adler 
et al. (I95S) were able to isolate S. lyphi- 
murium from Utter 44 days after experi- 
mental infection of poults which were al- 
lowed to run on the Jitter. FcJsenfcld and 
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Young (1945) demonstrated ihsl Salmo- 
nella could survive for several tvecks on 
vegetables kept at room temperature. Stein- 
iger (19C1), in the examination of 100,000 
samples of birds’ feces found in nature, re- 
ported that Salmonella were more fre- 
quently isolated from feces found on vege- 
tation than on stones and soil. Salmonella 
survived for 23 months on plant material 
allowed to dry slowly. It was concluded 
that fodder grown in fields sprfl>cd with 
sewage efilueni should not be mixed with 
concentrates that would favor the multipli- 
cation of Salmonella. 

Mair and Ross (1960) reported that S. 
typhi-murium was found to survive in ur- 
ban garden soil in England for at least 230 
days, the extent of their study- Slavlov 
(1961) found that Salmonella organisms 
survived in soil (or 120-150 days depending 
on pH, temperature, and the presence of 
nutrients or inhibitors. Price <t cl. (1962) 
cited information to indicate that Salmo- 
nella organisms may remain viable in duck 
feces for 23 weeks. Malathion in Hy sprays 
was not found to kill the organisms in 
feces. Sylwester (19G1) reported that S. 
typhi-murium remained viable in dried 
pupae of Calliphora flies for a period of 
one year. 

Pomeroy and Fenstcrmacher (1939) 
found that paratyphoid organisms survived 
on turkey eggshells at incubator tempera- 
ture for at least 1 1 months; in feces at in- 
cubator temperature from 77 days to 11 
months; on eggshells at 50® F. from 191 
to 346 days; on eggshells exposed to the 
varying conditions of the elements for 155 
to 850 days depending upon the organism. 
The same investigators (1941) demonsiral- 
td vhav. S. t;yphi-muTium cou\d sporvive in 
the contents of turkey eggs at incubator 
temperature for a period of at least 15 
months. Buxton and Gordon (1947) found 
that S. thompson could survive on the sur- 
face of chicken eggs for at least 21 days 
under ordinary conditions of storage at 
room temperature. Gregory (l948), using 
an incubator at a temperature of 100“ F. 
and a wet bulb reading of 82®-86“F., 
found that the shell surface of 2 of 26 tur- 


key eggs contaminated with S. lyplii-mu- 
riuin remained infected after 23 days. 

Huey and Edwards (1958) found that 9 
per tent of S. typhi-murium strains iso- 
lated from poultry after 195G were resistant 
to tetracyclines when compared with other 
cultures isolated prior to 1918. They at- 
tributed this to the use of antibiotics in 
{wuliry feeds. In futlhcr studies, Ramsey 
and Edwards (19G1) found that 29 of 100 
5. typhi-murium cultures isolatcil from 
fowls in 1959 and 1960 were resistant to 
the iciracyclincs. Carside et al. (1960) dem- 
onstrated a tenfold increase in resistance 
to chlortctracyclinc in the case of a single 
colony inoculum of S. typhi-murium ad- 
ministered to chicks receiving the antibi- 
otic ill their diet. The organisms vserc 
capable of resisting 210 p.p.m. of chlorietra- 
cyclinc after -I passages. Subsequent pas- 
sage of the resistant cultures through 
chicks receiving no drug in ihcir feed 
vcalcd that resistance declined gndually, 
but at the end of 14 weeks some strains 
were still -1 times .is tolerant to the anti- 
biotic as the normal strains. Hobbs et al 
(19G0) found that a strain of 5. 
murium resistant to chlortctracycline grew 
more rapidly than spoilage organisms at 
22“ C. on the skin of dressed poultry that 
had been immersed in slush ice containing 
10 p.p.m. chloricir.iqclinc. 

Lancaster and Crabb (1953a) reported 
tliat S. (yp/ii-murium and S. thompson 
rapidly lose their viability on die shell of 
whole cliickcn eggs maintained under nor- 
mal incubator temperature. At room tem- 
perature the organisms were found to sur- 
vive for approximately 21 days on clean 
eggs and for a longer period on artificially 
dirty eggs. Increased humidity prolonged 
the viability of the organisms. Watanabe 
et al. (1959a) found that S. sctifleriberg sur- 
vived for 10 days on the surface of the egg- 
sliell at room temperature. In the incu- 
bator the org.nnism penetrated the shell in 
4 to 8 days and was found to penetrate 
more rapidly through eggshells that were 
filed. Embryos which were invaded by S. 
senftenberg through the shell stopped their 
development and could not hatdi. 
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rium. Smith (1959) cultured the intestinal 
walls of 280 normal chickens in Essex, Eng- 
land. and was unable to isolate Salmonella 
from any of the samples. 

Lukas and Bradford (1954) reported 
that paratyphoid infections were respon- 
sible for approximately 21 per cent of the 
disease problems with which the turkey 
growers in the Turlock area of California 
were concerned during die first 6 months 
of 1952. A total of 241 cultures of para- 
typhoid organisms, representing 30 sero- 
logical types, was isolated from turkey 
poults on routine necropsy. S. typhi-mu‘ 
Tium accounted for 46.5 per cent of the 
uncomplicated paratyphoid outbreaks. 
Pomeroy et al. (1957a) found that 15 per 
cent of the consignments of poults received 
in the Minnesota laboratory in 1956 were 
infected widi paratyphoid. 

Moran (1959a) cited typing data which 
indicated that 5. typhi-murium was en- 
countered four times as frequently in tur- 
keys as in chickens in the United States in 
1957 S Heidelberg and 5. tnfantts, which 
had not been reported in fowl in the Unit- 
ed States in the earlier report of Ed- 
wards et al. (1948c), comprised 8 per 
cent and 6.7 per cent, respectively, of the 
cultures from chickens. Moran (1960) 
found that of 1,178 Salmonella cultures 
typed from animals during 1958, 87.2 per 
cent were from avian sources. Sixty-one 
types were identified, 40 of which occurred 
in turkeys and 32 in chickens. Moran 
(1961b) reported the isolation of 57 types 
of Salmonella from turkeys and 52 types 
from chickens in the United States during 
a survey period of 4*/^ years (1957-1961). 
S. typhi-murium was by far the most com- 
mon and accounted for 22 per cent of all 
Salmonella types encountered in animals. 
S. typhi-murium cultures isolated from 
turkeys outnumbered those from chickens 
by about 2 to I. 

A total of 117 paratyphoid types that 
have been isolated from chickens and/or 
turkeys in the United States are listed in 
Table 9.1. Fifteen new types not previ- 
ously reported from poultry in the United 
States have been added to the list since the 


fourth edition of this book. The informa- 
tion included in the table has been devel- 
oped from published reports and from data 
supplied by diagnostic laboratories, typing 
centers, and research workers in various 
parts of the country. While the listings 
may be incomplete, it is considered that 
most types that have been reported prior to 
1964 from chickens and turkeys are repre- 
sented. As additional laboratories are en- 
couraged to submit cultures for typing, 
the listings will undoubtedly be consider- 
ably increased. Some of the types listed in 
Table 9.1 have not been associated with 
disease outbreaks, but were recovered from 
the intestines of birds that were apparently 
normal carriers. However, most of the cul- 
tures were derived from acute, fatal infec- 
tions in young chicks or poults, and were 
isolated from the internal organs or intes- 
tinal contents. Isolations from unabsorbed 
yolks, ovarian cysts, and oviducts represent 
only a small percentage of the culture types 
listed. Original references to the descrip- 
tion of most of the Salmonella types in- 
cluded in Table 9.1 are listed by Kauff- 
mann (1954). 

Buxton (1957a) in a comprehensive re- 
vietv of salmonellosis in animals, presented 
a worldwide survey of Salmonella types 
occurring in poultry. A total of 90 types 
of paratyphoid organisms was reported 
from 12 species of fowl. Many of these sero- 
types were reported to have caused only 
a few minor epizootics and some to have 
been isolated only from apparently healthy 
birds. The reader seeking reference mate- 
rial on the host species, origin, and distri- 
bution of Salmonella types occurring in 
poultry in various parts of the world is 
referred to this excellent review. 

Some of the Salmonella types isolated 
from poultry in other parts of the world 
that have not yet been reported from fowls 
in the United States include S. bonariensis, 
S. brancaster, S. brandenburg, S. Chicago, 
S. goeltingen, S. ituri, S. Idle, S. mbandaka, 
S. nesi-ziona, S. oslo, S. schleissheitn, and S. 
weybridge. 

Lerche (1939) reported the following 
types have been isolated from poultry in 
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TABLE 9.1 

iTonu TuMEYS AND/OE CHICRENS 

„ o, “Si’S.™ sx*™ 


S. Aberdeen 
S. alachua 
S. albany 
S. amagcT 
S. amersfoort 
S. amhersliana 
S. anatum 
S. banana 
S. bareilly 
S. berheley 
S. berta 
5. binia 
S. blockley 
S. bovis-morbificans 
S. braenderup 
S, bredeney 
S. budapest 
S. ealifomia 
S. Cambridge 
5. canoga 


S. dueiseldorf 
S. eastbourne 

S. edinburg 
S. enterxtidis 
S. eisen 
S. floiida 
S. Jreino 
S. gaminara 

S. give 

S. ertimpenns 
S. liamiilon 
S. harrisonbuTg 
S. hartford 
S. Heidelberg 
S. hvUtingfou 
S. illinoit 
S. Indiana 
S. infanlis 
S. irumu 
S jjrael 
S. java 
S. javiana 
S. Johannesburg 
S. kaapstad 
S. kentucky 
S. kingston 

S. lexingion 

S. litchpeld 

S livingstone 
S. lomUa 


S. london 
S. madelia 
S. tnanchesler 
S. taanhattan 
S. tnanila 

S. meleagridis 

S. menston 

S. tngalani 

S. imnneepolts 

5. nunnesota 

S. mission 

S. monlevidea 

S. tnuenehen {oregon) 

S. muenster 

S. neur-brunsuid 

S. nev>-hao> 

S. nemngton 

S. netuport (puens) 

S. norwich 
S. onderstepoort 

S. oTonienburg 
S. orion . . 

S panama OMliona) 

5 pensatola 
S. pomona 
S. poona 
S. reading 
S. rubislavf 
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S typhi-muriurn 

>ar. Copenhagen) 
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Kampehnacher(1963U=P , ^P,p,is. 
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from iewed the serological 

Atkinson (1956) re cultures in Aus- 

typing of 5.340 Salmondla^%54 F5Uy- 

r-\err=t“i«.o„type..so. 



263 


J. E. WILLIAMS 


lated from both humans and animals. 

Gordon and Buxton (1946), in a study 
of avian salmonellosis in Great Britain, 
found during the period 1933—44 that 
of a total of 6,578 groups of young birds 
examined, 4.1 per cent were infected with 
Salmonella organisms other titan S. pul- 
loTum and S. gaUinaTum. The types of 
paratyphoid organisms isolated were S. 
typhi-murium, S. thompson, S. enteritidis, 
S. California, S. bareilly, S. montevtdeo, and 
S. analum. Gordon (1959) reported that 
up to 1959, 50 types of Salmonella have 
been isolated from poultry in Great 
Britain. Several types not previously re- 
ported have been isolated from chickens: 
howeser, these new types have not tended 
to become established in poultry (locks and 
outbreaks due to them are restricted. 

Bigland et al. (1962) reviewing Salmo- 
nella isolations from Alberta, Canada, for 
the years 1949 to 1960, reported a total of 
22 types of paratyphoid, with 1,227 of a 
total of 1,242 isolations from avian species 
being made from turkeys and chickens. S. 
Iieidelberg, first isolated in Alberta in 1952, 
has been the most commonly isolated Sal- 
monella type of avian origin for several 
years. Sakazaki et al. (1959) examined a 
total of 2,482 Salmonella and 16 Arizona 
cultures isolated from man and animals in 
Japan from 1949 to 1957. Fifty-eight types 
of Salmonella and 9 types of Arizona were 
identified. S. senftenberg was the most 
frequent Salmonella type isolated from 
fowl in contrast to the situation in the 
United States. Three Salmonella types 
svhich seem to be exclusive for Japan were 
repeatedly isolated. Arizona strains were 
cited as rare in Japan, and none of those 
isolated came from poultry. 

The epizootiology of Salmonella infec- 
tions among individual flocks is often com- 
plex due to the wide distribution of the 
organisms in fowl and the practice of bring- 
ing the eggs from different flocks together 
in one hatchery. Edwards and Bruner 
(1910) described an extensive study of 
multiple types of paratyphoids in indi- 
vidual flocks. Pomeroy and Fenstermadier 


(1941) reported that from one farm where 
poults had been accumulated from several 
sources over a period of 3 years, S. typhi- 
murium, S. derby, S. give, S. oranienburg, 
S. senftenberg, and S. anatum were isolated. 
From the same farm in previous years other 
Salmonella types had been isolated. Hin- 
shaw et al. (1944) also reported multiple 
types of salmonellosis on the same ranch. 

Edwards et al. (1948a) found more than 
one Salmonella type existing in the same 
flock in 165 instances. Akiyama et al 
(1959) isolated 4 Salmonella types from a 
group of 7-day-old chicks that were also 
found to be infected with S. pullorum. It 
was assumed that the organisms infected 
the ^gs during incubation. Ballantyne 
(1953) reported the isolation from one 
turkey farm of 4 different serological types 
of Salmonella. Boyer et al. (1962) reported 
multiple Salmonella types in several indi- 
vidual cases of salmonellosis in both chicks 
and poults. It was noted that simultaneous 
infections are not unusual. 

The isolation of 2 or more Salmonella 
types from a single bird was reported by 
Edwards et al. (1948a, b) in 51 cases of 
avian paratyphoid infections. Four Sal- 
monella types were recovered from the 
liver of one poult, and 3 from the liver of 
a second. 

From an economic viewpoint paraty- 
phoid infections are among the most im- 
portant bacterial diseases of the hatching 
industry and result in high death losses 
among all types of young poultry. The oc- 
currence of this disease in valuable breed- 
ing stock is extremely costly. Because of 
its chronic nature and difficulty of erad- 
ication it is capable of terminating breed- 
ing operations in which large amounts of 
money may have been invested. Fertility, 
hatchability, and egg production may be 
seriously impaired (Graham and Michael, 
1936; Pomeroy and Fenstermacher, 1941). 
The disease has a definite stunting effect 
on surviving birds and a debilitating in- 
fluence on poultry of all ages increasing 
their susceptibility to many other diseases. 
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Most death losses from paratyphoid im 
fections of poultiy are encountered during 
the first two weeks after hatching '••‘h.lho 
Mghes? losses occurring between the sixth 
and tenth day. The infection seldom causes 
severe moltality in birds more than one 
month old. Pigeons, Pa'ah^"’ 
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ease does occur more frequently m the 
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birds under natural conditions “sdaBy 
vary from negligible to 10 or 20 per cent, 
however, mortality rates ol 80 per cent or 
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breaks. The pathogenic properties of bat 
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of the organism. Buxton (1958) called at- 
tention to the fact that nutrition may have 
a significant eliect on the susceplibihty ol 
animals to Salmonella infections and may 
be associated with factors concerning 
devefopment ol immunity in the (’“‘mg 
alterations in the virulence oi the infecting 

birds infected with para.yph»;;| 
oi^nisms generally show as in- 

svTOptoms; however, ^hey may 
testinal carriers o£ the m e infection* 
periods o£ time. in U'Cir 

Shibit little or ""“‘““mlorbteadt 
pathogenicity for 
o{ birds. 
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Pomeroy (1944) reported on the mor- 
tality of young poults experimentally in- 
fected with S. typhi-murium at 2 and 4 days 
of age. The mortality of the poulu infect- 
ed when 2 days old saried from 40 to 60 
per cent, and that of die 4-day-oJd group 
was 40 per cent. Other experimental evi- 
dence indicated that the older the poults 
were when exposed, the lower was the ex- 
pected mortality. Bierer (1960) found tur- 
key poults extremely susceptible to S. 
typhi-murium infection during the first 48 
hours after hatching. Mitrovic (1956) re- 
ported that 1-day-old turkey poults were 
very susceptible to experimental Inlcciion 
with S. reading with a mortality of 40 per 
cent, while 2-week-oId poults possessed ex- 
tremely high resistance to the infection. 
Yamamoto et al (l9Gla) studied the shed- 
ding of Salmonella organisms in the feces 
of orally infected adult turkeys. They 
found that there was a marked decrease in 
the number of organisms shed by 14-21 
days. 


In contrast to poulu, chicks usually do 
not exhibit high mortalities when infected 
experimentally. Watanabe cl al. (1959b) 
in studies of the resistance of chick embryos 
to S. senftenberg infection found that the 
lethal dose of the organism increased in di- 
rect relation to the age of the embn-os. 
Bhznakov et al. (1963) demonstrated that 
resistance of erabryonated eggs to S. typhi- 
murium infection may be qualltativeiy in- 
creased by antiserum, implantation of 
splenic tissue from normal or immune 
adult fowl, or by a combination of these 
treatments. Milner and Shaffer (1952) 
conducted detailed bacteriological studies 
of experimental Salmonella infections in 
^icks and were able to demonstrate that 
infection by the oral route decreased rapid- 
ly with advancing age. Fatality rates in the 
chicks experimentally infected were not 
high, although bacteremia was easily dem- 
onstrated through blood culture, aemmer 
cf al. (I960) found a wide variation in the 
response of chicks exposed to aerosol in- 
fection with various Salmonella types. S 
typhi murium was found to be very inva- 
sive for lung tissue in contrast to the other 


types studied. Beattie (I960) reported that 
S. thompson had no ill effects on chicks 
over 3 weeks of age without any therapeu- 
tic measures. Buxton and Gordon (1947) 
were able to produce a 44 per cent mortal- 
ity in chicks infected orally with S. thomp- 
son. Approximately 70 per cent of the sur- 
vivors remained intestinal carriers at 21 
days of age. 

Afitrovic (1956) found that either l-day- 
or 2-wcek-old chicks were highly resistant 
to oral infection with S. reading. Sieburth 
and Johnson (1956) reported that orally 
administered S. typhi-murium organisms 
arc very infective for the day-old chick with 
100 per cent infection arising from 10^® 
and 50 per cent mortality from 10** viable 
organisms j>er chick. Sieburth (1957a) was 
able to produce a cumulative mortality of 
27 percent in cliicks 12 days post inocuU- 
lion by administering approximately 160 
viable S. typhi-murium cells orally to each 
bird at 1 day of age. S, <yp/ii-mun'um re- 
covery from the intestine and organs was 
100 per cent. Bierer (1961) found that S. 
typhi-murium infection could be induced 
experimentally in ducks by spraying broth 
cultures of the organism into incubators 
1 day before hatching. Mortality was al- 
most tripled in infected groups maintained 
in unheated brooders for a lO-day period. 
Hamada et al. (1958) found that diicks in- 
fected in the incubators usually acquire the 
infeaion through the respiratory and di- 
gestive organs, and carry the greatest con- 
centration of the organisms during the 
first week of life. They may appear healthy 
and usually eliminate the infection in 4-6 
weeks without therapy. 

Shaffer et al. (1957) found marked var- 
iation in the response of day-old chicks to 
cither peroral or parenteral inoculation 
with various antigenic types of Salmonella. 
The course of infection produced by S. 
typhi murium induded marked shedding 
of Ae organisms in the feces; frequent in- 
v^on and localization in tissues such as 
We spleen, liver, and lungs; and deaths 
from bacteremia. S. paratyphi A exhibited 
less evidence of invasiveness and caused no 
mortality. Henderson et al. (1960) admin- 
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gated had occurred in the southern part of 
New Jersey as had those reported previ- 
ously by Moore and Mohler. 

Laha)e and Willems (1927) considered 
paratyphoid to be one of the most impor- 
tant diseases of pigeons in Belgium. Khal- 
ifa (1935) investigated an epizootic among 
pigeons in Cairo, Egypt, which was due to 
S. typhi-murium. Jungherr and Wilcox 
(1934) reported a variant of S. typhi- 
murium recovered from spontaneously in- 
fected squabs. Morcos (1935) studied an 
outbreak among pigeons in various lofts in 
Cairo. The organism isolated closely re- 
sembled S. anatum. Adult fowl and spar- 
rows were found to be quite refractive to 
the isolated culture. Edwards (1935) re- 
ported the close association of S. typhi- 
murium var. Copenhagen with pigeons. 
Hoffmann and Edwards (1937) isolated 
paratyphoid organisms from pigeons which 
were believed to have transmitted the in- 
fection to rabbits on the same premises. 
Shirlaw and Iyer (1937) encountered an 


unusual loss among pigeons that were be- 
ing used in the production of fowl pox 
vaccine. The organism isolated was S. 
enleritidis. Niemeyer (1939) recovered an 
organism from pigeons that was identified 
as S typhi-murium. The organism was re- 
covered from 3 of 14 pigeons examined. 

Gauger et al. (1940) published a com- 
prehensive study of pigeon paratyphoid. 
The etiological type was S. typhi-murium 
var. Copenhagen. These authors listed 26 
references to paratyphoid epizootics in 
pigeons. Edwards et al. (1948c) found 
that 97.5 per cent of all cultures of S. 
typhi-murium isolated from pigeons were 

L?, Moran 
(1961b) reporttd a .imilar high incidence 
of Ih.s variely in pigeons. Thi. oiganism, 
unlike typical S. typhi-murium strains 
lacks the somatic antigen 5. It is a unique 
example of a paratyphoid type exhibit- 
ing host specificity, and has resulted in 
most investigators suspecting direct or 
indirect association with pigeons as the 
source of infection when this type is en- 
countered in other species of animals 
Van Dorssen (1955) reported a serologicai 


and cultural study of 223 S. typhi-murium 
strains isolated from pigeons in the Neth- 
erlands. He concluded that there does not 
exist any specific pigeon type of this organ- 
ism as has been reported by some worken. 
Pigeons surviving paratyphoid outbreaks 
often become chronic carriers, exaeting 
llie organisms intermittently in their feces. 
Epizootics may occur among adult flocks, 
especially if their resistance is lowered by 
otiicr conditions. 

Edwards cl e/. (1918c) reported 10 sero- 
logical types of Salmonella isolated from 
pheasants. S. bredeney was recovered from 
7 outbreaks. 

Graham (1936) studied an outbreak of 
paratyplroid among quail in which 5. 
oranienbuTg was found to be the causa- 
tive organism. Cunningham (1941) en- 
countered an acute paratyphoid infection 
among quail chicks in wliich the heaviest 
mortality occurred in chicks from S to 9 
days old. 5. bredeney was isolated as the 
causative organism. 

Hinsliaw et al. (1942) isolated S. bredf 
ney and S. lyphi-murinm from a group of 
ebukar chicks. This report dearly indicated 
the isolation of multiple Salmonella types 
from a single outbreak wherein a 48.2 per 
cent mortality occurred among a group of 
I.06I chicks. Francis et al. (1960) reported 
the isolation of S. derby and S. anatum 
from chukar partridges. 

Beaudette and Edwards (1926) investi- 
gated paratyphoid in canaries and parrots. 
In one bird store, 200 birds of all ages be- 
came infected. The mortality was 35 per 
cent. S. typhi-murium was found to be the 
causative organism. Emmel and StafseUi 
(1929) reported several oubreaks of an 
epizootic of paratyphoid that occurred in 
canary bird stores throughout the stale of 
Michigan. The disease was highly infec- 
tious, and the mortality was high. The in- 
cubation period was 4 or 5 days and the 
course of the disease varied from 2 to 4 
days. 5. typhi-murium was isolated from the 
internal organs. 

Beaudette (1926a) reported that S. 
typhi-murium readily infected parrots as 
well as canaries. No differentiation could 
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north central New Jersey during a period 
of 2 years. They called attention to the 
possibility that these birds may spread the 
infection to man and domestic animals. 
Vallee et al. (1959) reported the isolation 
of S. johannesburg from Bengali birds dur- 
ing an enzootic in a commercial bird shop. 
No treatment was found effective. Peizeli 
and Steiniger (1961) isolated 18 types ot 
Salmonella from chafGnches, house spar- 
rows, black-headed gulls, starlings, and 
blackbirds captured in the area of a sew- 
age purihcation plant of a big city. 

The reader seeking additional historical 
information on paratyphoid outbreaks in 
various species of fowl is referred to the 
comprehensive review of Henning (1939). 

Unlike the causative organisms ot pul- 
lorum disease and fowl typhoid, the para- 
typhoids are common pathogens of most 
species of domestic and wild mammals 
and man. Cattle, swine, sheep, goats, dogs, 
cats, horses, mink, and foxes are among 
the many animal species that may be 
chronically infected and shed the organ- 
isms in large numbers in their feces. In 
these animals, paratyphoid usually occurs 
as an acute disease only in the very young 
or in old, debilitated animals under ex- 
treme conditions of stress. A voluminous 
amount of literature has been accumulated 
on Salmonella infections of animals other 
than poultry and for a review of this sub- 
ject the reader is referred to Buxton 
(1957a). 

Craige (1944), Wolff el al. (1948), Ad 
ler et al. (1951), Galcon et al. (1952), 
Stucker et al. (1952), McElrath et al. 
(1952), and Mackel et al. (1952), have 
reported studies of paratyphoid isolations 
from the feces of dogs. Dogs and cats often 
carry Salmonella organisms in their diges- 
tive tract without showing any clinical 
symptoms. Bruner and Moran (1949) re- 
ported 26 Salmonella types recovered from 
dogs. Approximately 40 per cent of the 
cultures were S. typhi-murium. Thirty-four 
cultures isolated from cats included 17 
types of Salmonella. Jungerman and 
Grumbles (1960) isolated Salmonella organ- 
isms from 9 of 100 mature healthy dogs 


studied. Two of the dogs were inferted 
with more than one Salmonella type. The 
infection was of a transient nature and 
cultures were negative 6 weeks later. 

Rats and mice arc frequently intestinal 
carriers of paratyphoid organisms, partic- 
ularly S. typhi-murium and S. enleritidU. 
When S. ettlerilidis is encountered in poul- 
try it is logical to suspect lliese rodents as a 
possible source of tlie infection. Salmonella 
have also been isolated from various in- 
sects including flics, Hcas, and cockroaches. 
It is known that S. enleritidis can be trans- 
mitted through the complete life qcJe of 
flies and that the infection may continue 
as long as 4 weeks within flies (Ostrolenk 
and Welch. 1942; Greenberg, 1959). Kaye 
et al. (1961) noted paratyphoid isolations 
from the housefly, tick, louse, flea, and 
cockroach. Trawirtski and Trawiflska 
(I960) were able to isolate Salmonella from 
artificially infected houseflies, their larvae 
and pupae. Buxton (1957a) cited refer- 
ences indicating that ticks may remain 
carriers for more than SO days after oral 
infection. 


iMcNcil and Hinshaw (1946) isolated a. 
san diego and S. newport from Galapagos 
turtles, S moninideo from a Gila monster, 
and S. manhatlnn from an iguana. Hin- 
shaw and McNeil (1945) examined 41 
snakes caught on ranches in 7 localities in 
California. Eleven of the snakes yielded 
Salmonella on culture. Bovre and Sandbu 
(1959) isolated 19 types of Salmonella from 
27 tortoises in Oslo. 

Most of the Salmonella types recovered 
from poultry have also been found to in- 
fwt man causing gastroenteritis or occa- 
sionally a more serious septicemic type in- 
fection. The role of eggs and poultry 
piquets in the transmission of Salmonella 
mfectlons to man has been reviewed by 
Gallon (1956), McCullough (1953), and 
Gallon and Arnstein (1960). 

Hinshaw cf nl. (1944) recorded the 
^nsmission of 2 types of paratyphoids 
3nd S. monlevideo) to man 
^wed to have occurred as a result of 
tondling infected poults. Kaye et al. (1961) 
desenbed a case of S. typhi-murium infec- 
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more than 100 persons tliat had eaten the 
meat as well as from turkey necks that had 
been frozen. Spink (1960) traced an out- 
break of S. Ihompson infection involving 
35 people in Great Britain to a broiler 
shop. The organism svas isolated from 
cooked thicken, the manager of the shop, 
his assistant, and from living broilers at a 
packing station suppying the shop. 

Walker (1960) called attention to the in- 
creased incidence of salmonellosis in hu- 
mans in Great Britain, and cautioned that 
the use of antibiotics in broiler rations is 
resulting in the emergence of resistant Sal- 
monella strains. Sudi strains may cause an 
increase in the carrier rate and may multi- 
ply more rapidly in contaminated car- 
casses. It has been suggested (Anon., 1961) 
that the carcasses of poultry for the market 
may be immersed in slush ice containing 10 
p.p.m. of chlortetracycline for 2 hours to 
inhibit the growth of Salmonella. Atten- 
tion is called to the development of chlor- 
tetracycline-resistant strains of Salmonella 
as this drug may be given to the birds as a 
feed additive. Garside <t al. (I960) re- 
ported that birds receiving antibiotics for 
the prevention or treatment of Salmonella 
infections may be a public health hazard 
because of the large number of infected 
carrier birds remaining in such flocks. 

^fo^r^s and Ayres (I960) found that 0 to 
9 per cent of the samples obtained from 
turkey processing plants and 7 to 14 per 
cent of the samples from chicken process- 
ing plants were positive on culture for Sal- 
monella. Specimens were taken from 10 
sampling stations including the scald 
tanks, carcass surfaces, and final rinse 
water. Twenty-eight Salmonella cultures 
were isolated from diickcns and 12 from 
turkeys. Tailyour and Avery (I960) cul- 
tured the viscera and intestinal contents 
of 523 market weight turkeys in Vancouver. 
British Columbia, for Salmonella Four 
birds (0.7G per cent) were found to be har- 
boring S. derby. Wilson et al (1961) found 
approximately 17 per cent of 525 raw poul- 
try specimens in the Cincinnati area con- 
taminated with Salmonella. Eighteen sero- 
types were encountered during the study 


and Salmonella isolations showed an in- 
creasing trend from supermarket through 
general store, meat market, and poultry 
market Eight per cent of household tur- 
key specimens were positive for Salmonella. 

Edwards (1958) and Quist (1962) re- 
ported a 7-fold increase of Salmonella in- 
fections other than typhoid fever in hu- 
mans in the United States from 1949-1960 
and noted that Salmonella infections in 
poultry constitute the major source of hu- 
man disease. Sadler et al (1961) random- 
sampled market meat birds for Salmonella 
organisms. Infected or carrier birds were 
found being processed on 43 per cent of 
the sampling days for turkeys, 26 per cent 
for chicken fryers, and 12 per cent for 
hens. Dixon and Pooley (1961) isolated Sal- 
monella organisms from 13.8 per cent of 
544 specimens taken at a poultry plant in 
Great Britain. 

Raw, frozen, or dried eggs are rather fre- 
quently implicated in Salmonella infec- 
tions in man. An outbreak due to raw eggs 
containing S. tennessee was reported by 
Watt (1945). Blaxland and Blowers 
(1951) implicated S. typhi-murium in 
duck eggs as a cause of human food infec- 
tion. Such occurrences have been frequent- 
ly reported in Europe. 

The occurrence of Salmonella in egg 
powder has been extensively studied by 
Schneider (1946) and Solowey et al. 
(1946, 1947). McCullough and Eisele 
(1931a, b, c, d), in detailed clinical studies 
of experimental salmonellosis in human 
volunteers, were able to establish the path- 
ogenicity of 6 Salmonella types which had 
been isolated from spray-dried whole 
powder. Cultures were administered in 
graduated doses in eggnogs and the fol- 
lowing Salmonella types were used in 
these studies: S. meleagridis, S. anatum, S. 
newport, S. derby, S. bareilly, and S. ful- 
fonzm. 

Alves de Oliveira and Gomes (1954) de- 
scribed a hospital epidemic of S. ty'p/"' 
munum infection involving 200 persons 
and resulting in 3 deaths. The outbreak 
was traced to eggs consumed in the diet. 
Newell et al (1955) traced 2 outbreaks of 
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paratyphoid lever (S. farrtlypW 
Ln> to the corttumption of ciea”-fiM 
cates. The same phage type ; 

lyphi B was tound m ““J? 

Sinese frozen whole egg used ^y ‘he ^ 
eries, it. some members of *e 
ihe oatients. An anonymous report (lyw) 
?'cC dtat in 1955 in Great Bmarm 
there was an innease of 49 per cent in lo^ 
poisoning, due principally to Salmonella 
Se“5ons frequently traced to egg prod- 
ncu Bu«on\l957b) called atten.ron m 
the fact that human foods 
COT and egg products are a common source 
of LTmonSa food infection tn manj^ 

„a, emphasized that the rate “ 
is much higher among eggs "dh 

and fecal<onlaminated shells thaii g 

those laid under clean, hygsentc 

McCullough (1958) discussed ‘he i“P»^ 
unce of poultry and Ph“'“7. 
pecially i^s, in the eP-J^JJ^gyU 
moneUosis in humans m the Umteo 
In one epidemioiogical ““'‘“s;)""’ 

:ifegSraL‘f^:uentrth^ 

p=^‘nfh:maS^.|— 

"'Sr U Ze oier:ra"ced « from" 

m eggnogs by patients a‘ i„ Oie 

Massachusetts. Eggnogs co j 

institution are now pas‘eu““‘> ^ 

Wiesmann (1900) desenhed a 

break o£ salmonellosis which con- 

caused by imported ^ po ' 

tained 5 different Salmonella ly p^j- 

lion has been called (Anon., 

public health j cgjn, that may 

in poultry and the fact that should 

be contaminated with Salm , to 

be cooked s.-ell. Hobbs 0^W‘> in 

the im|x>itancc of pouUry P 

iransmiiUng „lmonellosi..ohnma«.a^^ 

listcil pasicunration of egg I 


*e pelleting of animal feeds as factors Uiat 
Sd help to reduce Otis transm.ss.on 
Xl^er and Montford (1962) reported 
that 14 dillctcnt Salmonella types were 
lated from 119 cgg-contaming caU m^ 

Af which 65 contained Salmortella. 

icHsig 

it was recommended that 

ptc'u&To»h“‘ " 

““rsTde’—rof paratyphoid 
orjlms under n.mml condtuotp 
tributes maienally to P^fu/must 

Preventive J* ^J^io Se means by 

rive first considcrau The Ire* 

which the ^"^*phoid organisms 

,,„cnt liKC refeTnce to 

from eggs has Ho„. 

the disease as an egg; spread of 

shell penetration. /Dalline and 

Numerous investipt { 

Warrack, >932;, 915l 

Dallsn^ 9 3 "iTrecos ereil 
Katlshpi and Szaho. lasz) 
paratyphoid “'i?""™ ' ^ evidence dial 
duct eggs- pmsul'-S *'^P‘' i, „ai,e cons- 
direct os-arian transmi (1932) and 

f ‘'■“,.S'‘l.asc aJ P-ensed 

CUrenbuix ^ may be m- 

r.S"a‘tsSt‘Lf‘.-tiS,o..heo,. 

^“am. ,‘phoid 1°,' '“^smi^i 

'roSSe os^ics. liowever. c.perimcn- 
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tal evidence docs not indicate that infcct«:d 
iurke)s produce a Iiigii percentage of in* 
fected eggs. Cherrington el ci. (1937) re- 
ported the isolation of S. lyp/ii-murium 
from tlie ovaries of two lurkej’S. The re- 
sults of tliese investigaiiom indicated dial 
the infection was iransinillcd from the 
ovaries of the breeding hens to fertile eggs. 
Lee e» al (1936) imcstigalcd the direct 
ovarian transmission of S. lyphi-mutium 
infection of turkeys and were able to re- 
cover the organism from the ovarian 
tissues of infected hens. Pomeroy and 
Fenstermaclicr (1939) reported the isola- 
tion of S. typhi-murium from die ovary ami 
oviduct of 3 of 10 naturally infected tur- 
keys. Hinshaw and McNeil (1913a) were 
able to isolate 5. typhi-muTium from Uic 
ovaries and oviducts of turkeys. Gauger 
and Greaves (1946a) isolated S. typhvmu- 
rium from the ovary of a turkey hen. Due 
to the very short incubation period that 
was encountered in a natural outbreak of 
5, reading infection in poults, Mitrovic 
(1956) suggested ilic likelihood of direct 
egg transmission. Yamamoto el al. (1961a) 
reported the isolation of S. typhi-murium 
from the ovaries of an adult turkey that 
was expeiimentaliy infected. 

There is little evidence in the literature 
to suggest that direct ovarian transmission 
is a common occurrence in chickens. Wil- 
son (1950) reported the isolation of S. 
lypht murium from chicken eggs, and sug- 
gested the possibility of direct ovarian 
transmission. Claienburg and Romijn 
(1954) were successful on one occasion in 
isolating S. bareilly from the ovary of an in- 
fected chicken. Others have made similar 
reports; however, isolations of paratyphoid 
organisms from ovarian tissues of chick- 
ens are not common. Wilson (1948) sUted 
that "it seems certain that direct egg trans- 
mission of infection rarely, if ever, occurs 
in chicks as most workers have consistent- 
ly failed to isolate the organism in the 
content of chicken eggs.” This is in direct 
contrast to the cycle of pullorum disease in 
chickens. Mundt and Tugwell (1958) 
were unable to recover Salmonella oigan- 
isms from the contents of eggs laid by 


\Vlute Leghorn pullets experimentally in- 
fected orally and intravenously with vari- 
ous types of paratyphoid organisms. How- 
ever, the organisms were recovered from 
shells of eggs laid by the most severely in- 
fected group 21 days after infection and 
from fcccs 55 days after infection. Smyser 
and V'an Rockcl (1959) cultured eggs of re- 
acting chickens from a flock known to be 
infected with S. typ/ji-murium. The or- 
ganism was isolated from the eggs on one 
occasion. 

Fecal contamination of eggshells with 
paratyphoid organisms during Uie process 
of laying or from contaminated nests or 
incubators after laying is of foremost im- 
portance in the spread of the disease. In- 
testinal carriers of ilic organisms are com- 
mon (Lmmcl, 19563; hlallmann el al, 
1912; Posell, 1912; Hinshaw and McNeil, 
1915a: Gauger and Greaves, lOiCc, 1917: 
Gibbons and Moore, 1010: Chase, 1917, 
Milner and Shaffer, 1952; Adler ef al, 
1955: Sicburih, lD57a). Iluxton and Cor- 
don (1917) demonstrated that chickens 
may remain intestinal carriers of 5. l/iomp- 
son up to 14 months. Yamamoto et al 
(lOCIa) inoculated S. typ/ii-murium into 
the aop of .adult turkeys and found that 
the organisms were generally shed in 
higher numbers in the cecal llian in the 
other intestinal fcccs. Cloacal swabs were 
positive (33.4 per cent) al 14 days and also 
(27.8 per cent) at autopsy 35 to 44 days 
posiinoculntion. Total positive isolations 
were increased to 67 per cent when all 
methods of culture (swab, direct fecal, and 
visceral organs) were considered. 

Perek and Rabinovili (1957) were able to 
obtain positive fecal cultures of 3“. enterili- 
dis (or a period of 3 months from a natu- 
rally infected adult flock of geese. After 7 
montlis, fecal cultures were negative. Bac- 
teriological examination of all internal or- 
gans was also negative at that time. Puh^ 
(19G(Q found that geese infected orally with 
S. typhi-murium excreted the organism for 
18-26 days after infection, and one goose 
became a chronic carrier. All of the birds 
developed agglutinin titers which disap 
peared in about 4 weeks. 
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Sdialm (1937) was able to 
that S liphi-murium m fecal 

foSated o'J the surface of AtcUn^s 

was capable of penetrating gnd- 

multiolving within the egg. These ntm 
tags suggeLd a means by which paraty 
ph^id o?gani.ms might be introduced mto 

the incubator by “ntammated egg 

subsequent spread to the >'«rh'd ch-^o^ 

poults. Maclaury and Moran 

Slat freshly laid eggs, cooling » “nla^ 

with contaminating organisms. 

the organisms through the shell PO'“. 

bacteria may be recovered on the 

contamination from the insi e g-ach 

of 84 to 95 per cent of the cgp. ® 
(1936) also called attention to the role 
contamination on the eggs ® 
transmission of the ‘hi''"”"- „„„ di- 

Gordon (1947) noted that the r«rage 
ameter of the pores of diidten egg . 
from 6 to IS micta. which ''oo'd reoJJ 
permit paratyphoid organisms i P . j 

shell when conditions are favorabfe^ 

Wright and Frank (1956) _ 

that a tew eggs are Pfh'irated by _ 
murium on the first day and gr 
jority by the end of the seventh day. They 
also found that the specific P"’'’ 
eggs was related to shell 1 „f 

there was an increase in the pr p 
eggs penetrated in the low specific grav^ 
JSips. Beattie (1960) found •l'»‘ 

Lc infection with S. "■0'"?^ S 

est during those months of t e y 
environmental temperatures 

indicating a rapid shell 0959 ) in- 

Pomeroy and Fenstermacher 
cubated 325 eggs from 
shown positive agglutinati Ninety 

one or Lre P»-?Pl"or»nS 
o£ the eggs were ^uUs which 

dead embryos, 7 containe ^ hatch, 

had pipped the shells but fai . . j g^- 

and 115 hatched. On bacteriology 
amination S. " JnTf™™ 

from 3 infertile eggs (3.33 p 
3 eggs containing 'in further 

!mXs“^nd%Uerinac^G9^ 
found that S. typhi-munum oiganis 


turkey eggs, were able to penetrate the e^ 
SMg incubation -d invade the 
eee contents. In one group 17.6 per cent, 

Sin a second group 16.0 per cent olthe 
'^GauKr'lnd Graves' (i946a) examined 

rium. The organisrn was not mcov^^ ^ 

d‘S VSperim?ital study. Thirty 
r r IfeggTc^ltured were laid by one 
four of the eggs t^*;„-.nturtufn ovar- 

S t^hi^urium was re- 
lan infection. /F ^he 

covered Irom the shell o 2 gs 

“""riXt expe mental! infected 

vided >dd«i°^,l 'contamination in the 
portance of sneii naratvehoid mfec- 
transmnsion eye'e "i found that 

tions. Yamamoto • ( ..Qygjed from 
S. “^lfd by expSenta^ 

shells and ^ oE 

such eggs with dean gg jncubator. 

spreading m e demonstrated 

ST tTotipmn -i-i reU pen=-- 

the shell of chiclmn egs ^ 

r.c&'"r!^m tempemmrn^^^^^^^^^^ 

ditoent coudilmns of huiutdity- 

from 13 (0.6 P» ““\v°Uor(1948) re- 
“porSl'the eSfoation ol 1.025 chicken 
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eggs, from CO of which S. ihomfison was 
isolated. Foriy-five of die eggs yielded the 
organism from tlie outside of the shell anil 
17 from the contents. It was felt that 
penetration of the shell readily occurred 
as llie eggs w’ere stored for a period of J4 
days and no effort was made to keep the 
various eggs apart. IV’atanabc et al. (1953) 
were unable to isolate S. jcn/lenfcerg from 
the eggs of adult hens that were artificially 
infected with the organism and reacted 
positisely to boilj somatic and flagclhar an- 
tigens of S. senjtenberg. These workers 
were able, hots’escr, to isolate S. senflen- 
berg from the shell membranes of dead 
erabryonated eggs, suggesting that these 
organisms may invade the shell during in- 
cubation. Clarenburg and Romijn (1951) 
cultured ICO eggs wJjidj were placed in an 
incubator after having been contaminated 
with a mixture of chicken fcccs and broth 
cultures of S, bareUly. Cggs were cultured 
daily, but in no case could Salmonella be 
recosered from either the eggs or the em- 
bryos. Stokes et al. (1956) demonstrated 
that paratyphoid organisms arc able to 
penetrate the eggshell membrane and con- 
taminate the yolk if a temperature favor- 
able to the growth of the bacteria is main- 
tained. 

Temperature and moisture play a icry 
important part in the rate of penetration 
of the eggshell by paratyphoids. Schaaf 
(1936) found that in the case of duck eggs 
penetration occurred in 5 days while 
Lerche (1936) reported that at room 
temperature penetration required 15 days. 
Gaugusch (1958) artificially infected the 
surface of duck eggs with Salmonella and 
found that the organisms had penetrated 
to the interior of the eggs within 16-24 
days following the infection. Pormalde- 
hyde fumigation was found to be very ef- 
fective in the disinfection of infected eggs. 
Wilson (1948) demonstrated that the 
virulence of the organism is important in 
the rate of eggshell penetration. He found 
that after repeated passage, penetration of 
the shell could occur in 3 days. Bigland 
and Papas (1953) found shell penetra- 
tion in 8 per cent of eggs contaminated 


with S. t)pUi-rnurium, 3 per cent contami- 
nated with S. orantenburg, and IG per cent 
w'itii S. kenlucky. No pcnciralion w-as 
found when S. bareilly was used. Ellcmann 
(1959) found tliat S. typhi-miiTium did not 
penetrate the shells of eggs stored [or more 
than 2 months at 4* C. Ilowcscr, jscnctra- 
lion svas demonstrated as early as 4 days 
when eggs were stored at 30° C. It was 
futthcr noted that storage of eggs is most 
favorable in a cold room with a low rcla- 
the humidity. 

Experimental evidence indicates that 
penetration of tlie shell ocairs during iJie 
first week of incubation, and to a much 
lesser degree in eggs stored in a cool en- 
vironment. This is an important consider- 
ation in the prevention of paratyphoid in- 
fections, and will be iliseussed in more de- 
tail under the section on Prevention and 
Control. 

Organisms that have gained entrance 
into the egg arc .vble to multiply rapidly in 
the yolk and subsequently infect the de- 
veloping embryo whicli may die or hatch 
to serve as a source of the infection for 
other young binls. Egg albumen hat very 
little inhibitory effect on Salmonella o^ 
ganisms that penetrate the shell (Buxton 
anil Gonlon, 1917; Gregory, 1918; Lan- 
caster and Crabb, 1933a). 

CoiUaminaicd eggshells and other de- 
bris of the hatch may also serve as a source 
of the infection in the incubator. From the 
incubator the organisms m.vy be distrib- 
uted by air currents throughout tlvc haicli- 
ery and a high level of Salmonella aerosol 
infection established. Samples of air taken 
within the hatclicry may remain positive 
for several weeks or months, and the in- 
fection spre.ids to subsequent hatcltei 
through iliis means. Contaminated dovsn 
and dust may carry the organisms and be 
inhalctl by susceptible young birds. Adler 
et al. (1953) demonstrated that poults 
could be infected with S. typ/ii-murium by 
the intranasal route. 

Paratyphoid infection, when established 
in the brooder, is rapidly transmitted 
by inhalation, fecal contamination of feed 
and water, or direct consumption of fecal 
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pies of complete poultry feed, 
ner cent yielded Salmonella. It appeatco 
probable diat the organisms mere 
P relatiyely small numbers in conum- 
mated material, although it '™ 
that multiplication may occur m mama 
under suitable conditions of t”""'”' 
temperature. Graham-Jones J"'* 
fl959'> isolated a Salmonella from 
can Grey parrots which excreted abnor- 
mally green feces. The authors were able 
To solate the same Salmonella Irom 

egg yolk material of Chinese origin in- 
cKd in the parrots' seed. The, ques- 
tioned the desirability of including such 
egg products in the seed of any gtatn-cat- 
iS birds. Moran (I960) called attention 
to the fact that in 1957 only 60 Salmonella 
cultures from feed products « 
origin were typed: however, m 1958, 555 
cultures of the same origin were received 
for typing. This sharp increase was inter 
preled to reflect the interest in the occur- 
rence of Salmonella in teed products. She 
indicated that control of salmonellosts can 
begin only after strict standards of sanita- 
tion, rigidly enforced, are applied to pro- 
duction of animal feed ingredients. 

Discholl (1960) reviewed the world-wide 
distribution of 113 Salmonella types im- 
lated from egg producu and animal feeds. 
Strict bacteriological screening of all im- 
ported products for Salmonella organisms 
was emphasized. Hofmann el al. (1960) 
cultured duck feathers imported into Aus- 
tria. Fifteen Salmonella serotypes were iso- 
lated from feathers imported from Asia; 
however, none was isolated from those im- 
ported from European countries or the 


portea iroiu ...v 

United States. Also, the dust produced 
during feather cleaning contained Salmo- 


nella, but none could be isolated from the 
finished goods leaving the factory. As the 
dust is often used without heating in fertil- 
izers, the danger of infection through this 
route was stressed. Schwerin (1960) re- 
ported the isolation of S. newington from 
gulls’ droppings near a fish meal faaory in 
which samples of fish meal occasionally 
yielded S newington in spite of strict hy- 


gienic meatntes. Taylor (I960) noted lha 
U is both possible and practical to treat 
animal teed and feed const.tuenu with 
heat to destroy Salmonella wliiA they may 
contain. Such a practice was cited as hav- 
ing a potentially profound effect on the 
gcLral incidence of Salmonella tnlecttons. 
paicting of poultry feeds has been sug- 
gested as an effective measure to destroy 
Salmonella organisms that may be present 

‘‘ Qnmad'a °'l' nl- (I960) found that fish 
meal imported into Italy from Angola w a 
contaminated will. S. i.nm which wa 
found to be palliogenic '“I ^ 

dioll (1961) reported on the 9“'™"““ 
types isolated from egg products and feeds 
Kmal origin. A total oiilS Sa Imonell 
types were tccovered, and the strict bacim 
ological control of ' 

emphasited. Giovaneli 9"'' “"“'Xie 
(1960) reported that hemp seed fed to Hu e 
canaries was the source of a natural ou 
break of S. lyplii-tnurium 
organism was isolated from cardiac Wood 
and fecal material of the in'cc'ed birto 
Morehouse and Wedman (1961) tei»ried 
a survey of Salmonella and other disease- 
producing organisms in animal 
ucts. Egg products, poultry by-producu. 
and meat saaps were among the feed con 
stuuenls found to contain Salmonella, 
ivas concluded that Salmonella 
present in animal by-products and finis 
rations are a potential disease threa 
poultry as well as other animal specif 
Wedman (19G1) called attention to the p 
tential disease problem resulting 
“cycling" of a number of Salmonel ^ ^ , 

types from farms to processing plants a 
back to farms by animal by-products i 
corporaied into feeds. It was felt t a 
alistic, workable measures to 
chance for exposure of poultry to * , 

nella occurring in animal 
rations are desirable and essential. > 
(1961) pointed out some of the pro 
that industry encounters in efforts to e 
inate Salmonella organisms from ren e 
animal by-products used in the manu 
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of animal Icedn <» 

““s proto Janimal health ..a 

emphasaed. ^ . /igei) conduclcd 

Pomeroy and Graay yju ) 

agnostic laboratories. The 
out Uiat it continued progTC« * j^,ypiioid 
in reducing the incidence JP^^ ^ 

infections m ^'^^^^.iminaiion o£ 

made to eliminate the “ ^ Tliomas 

^rotirssrrh^Sciauihxuon 

cated that Salmonella 'ieccive 

can be traced bach to the 
and recommended that 8 infection 
should be taken to “‘““‘'^ough this 
among all domestic animals througn 

'°Gmmbles and ^om^S 

for Salmonella 136 samp prep- 

and/or soybean oil Salmonella 

aration of poultry feeds. 
types were isolated from • sig- 

Z samples. This 

nificant since it demon constitu- 

nella may also be present authors 

enls of vegetable origin. The« 
stated that "a method P ingredi- 

handling poultry ^"^ 0 ^ Salmonella 

ents to assure °™j^eloped before a 

contamination must be n _ paraty- 

satisfaciory control P^oS*’ carried 

phoid infections in turkey isolation 

Lt,” Quist (1962) fP“ =f OT mm- 
ol 15 serotjpes ol * j poultry 

pies o£ piolcin snPP'™'“„ poi„S o»t 
feed manufacture. He ,^-^ave infln* 
that two significant 1-“" inte- 
enced the high rates of paraiyp 


tion in 1?“'"^!/'' ‘"ureol bWs to leeS 
Snontamfnate’d wiOt Salmonella or- 

®’So‘^r' cl cl. (19S2) described in detail 
, " oi salmonellosis in mtkey poults 

nvo cases 0 ,t-;rV. in which it was pos- 

w toed that the birds were recev- 
samples ol teen u* j Salmo- 

•/“ T.' wa‘s em‘phashed that no control 
fced. It ‘ P iij infections m poul- 
be o mucS value until a way can 

'S fc"nd to ^-P lh« -kc. 

pr'oSucuhSorehicor^ 

per cent of the samp > rr.t..jg svorkers 
SJpes were “P'f^tf^aTtS that can 
called attention . , juring pullo* 

oocur Irom su* j.,,t„i,h cl cl. 

rum typhmd . ,„o„ella organisms 

(1962), m a surv ey ol Salm 
S„ pc', foods and garden i,o„o 

me'aTampkh '“cVpetto and 

ous that in any ..nimals it is neces- 

"^“t\Sn“^derati^ the continu- 
tong ol the population dtroughm- 
lected frequent carriers of 

Rats and droppings may 

the organisms. ^ supplies- ?■- 

readily conurnmate le _^PP ^ 

geons, sparrows, jar^ ^ ,„o„e oi 
of wild birds rnay „Ury Hocks. 

0 * 0 ) SSa^»“ 

Oaugusch 
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and Malwinska (1956) recovered 5. typhi- 
murium from natural water reservoirs on 
which various t)pc$ ol water Lirds Ihol 
and fed. They found such sampling of 
water lo be an important supplementary 
method of diagnosis of salmonellosis in 
frcc-fl>ing water birds. 

Attention has already been drawn to 
dogs, cats, swine, cattle, sheep, aivd goats 
as sources of parat)phoid infections for 
poultry. Gwjtkin and Mitcliell (19ii) and 
McNeil and Hinshaw (1911) have discussed 
the pait that snakes, flics (Afuesa do- 
mestica), and cats may play in the tranv 
mission of the infections to poultry. Man 
must also be recognited as a possible source 
of the disease (Gordon and Buxton, 1916). 
This source may involve not only the care- 
takers but also w.-istc products of human 
source. Hinshaw et cl. (191-1} record in- 
stances of humans transmitting the infec- 
tion to poults. Poultry may serve as a 
source of salmonellosis for other animal 
species on the farm. Ladchof! (1959) cited 
evidence that S. (yp/ii-murtum infection in 
calves was introduced by apparently 
healthy geese and ducks. 

Mortclmans el al. (1958) isolated 5 sero- 
types of Salmonella from chicks shipped 
into the Belgian Congo from other parts of 
Africa and Europe by air. They c.vllcd 
attention to the importance of air sljlp- 
ments as a means of rapid spread of sal- 
monellosis among poultry. Rao and Gupta 
(1961) also reported on the isolation of Sal- 
monella from imported cliickens in India. 

In transmission among adult poultry the 
feces of infected carriers is probably the 
most common source of the organisms. 
The bacterial population and the nature 
of the environment are among the many 
factors that determine the extent of such 
transmission. Buxton and Gordon (1917) 
reported an instance in whidi S. thompson 
infected the gallbladder of a chicken, and 
the organisms were excreted in the feces 
for at least 18 months. 


adults closely simulate those obsened in 
pullorum disc.'isc, fovsl typhoid, Arizona 
Infections, and several otlter diseases. A 
differential diagnosis based on symptoms 
and necropsy findings is not jxissJbJe. 

Young birds. Basically paratyphoid in- 
fection is a disease of young fowl with 
environmental conditions, degree of ex- 
posure, and the presence of concurrent 
infections having an important influence 
on die severity of an outbreak. In acute 
outbreaks with deaths occurring in the 
incubator or during the first few days after 
haiciting no symptoms may be noted. In 
sucli instances the infection is acquired 
<^£5 transmission or early incubator ex- 
posure. A high proportion of pipped and 
unpipjscd eggs containing dead embryos 
may be observed. 

In experimental exposure studies of 
luikcy poults orally administered broth 
cultures of S typhi-murium, Vomaoy 
(1911) observed tliat losses started 2 to S 
days after cx|>osurc and discontinued by 
the time the poults were 2 weeks old. When 
symptoms arc observed in young birds 1 
week of age or older, conuct exposure or 
an outside source ol the disease should be 
considered. 


Symptoms of paratyphoid infections in 
all species of young fowl arc very simiUr 
and inclutlc the following signs: a progres- 
sive Slate of somnolence evident by a 
tendency to stand in one position with the 
head lowered, the eyes closed, the wings 
drooping, and the fcaihcn ruffled; a 
marked anorexia and increascvl water con- 


« — ••• “ j'luiusc, waiery aiarrnea wiui 

psung of the vent and a tendency of die 
birds to huddle together near the source 
of heat. Bicrer and Vickers (1960b) found 
that mtrofuran therapy of S. typhi-murium 
mfeciion in poults reduced the incidence 
of soiled and pasted vents. Respiratory 
^mptoms are not commonly observed. 
Clauma cl cl, (1900) found tl.a, caperi- 
munully produced pul, no, . a, y forecliom 
“'Hiraiid although 
■ ^ ""y >== required for auioslerili- 



Chap, or 9. PARATYPHO.D ANO ARIZONA INKCnONS 


289 


day. moil losm octurniig /195!>) 

r,IU. and cishth day- ‘-"n' <'"Y 

haic dcsttiUd Whidncii in ilnihi 
aicd nilh lalmonclloni. f-?""''’ ,,,,,. „| 
(1902) rcporlCil '""i''!'”".'"’,"'.,' s u 
S. lyphi-mnriam inrcumn ,n ^ “ 

buiv (1958) lound naiel inlctimn ) 5 

chS,; 1,0, i iiiuci. s. 

land, Bicrr (1%1) by 

navd louic ol iniKlion nal “‘a“.dmd by 
ihc incubalor-ipray 

ddcln vill. s. lypliMnar,"”- The 

bm wa, alio recovered from 1, 

lorbcdyolha, and ceca ol clue /IPO-b 

Dobghaly (1935) and Price el al- (l»-l 
[ound dial ducklingi Inleeied J J 
pi, old uiually die TvSh 

or air, and lery ollen l.aic pa«^ 

Tlie eielid, ol dnetlingi fra<l“'"'^^, 
come iiinllen and 

(1950) repo, led dial J R?. 

peared drowjy and >vcaV. " . ^ 

binoviu (1957) lound dial 
Salmonella inleclion were iluggi 
luicd Iced or ale icry Hide, 
large quanlUics of w-iicr. 
observed in some birds. r».-»ra- 

Anhiidi i, commonly ‘■'■“"f "rlro. 
typhoid infection of pigwns.^ 
quently involves the wmg jo* .wclHncs. 
^videnl a. soil, -lifulaneou. 

Sivcllmg ol die eiclidi n ^,, 53 ) 

ijmplom seen in pigeoni. demon- 

reported dial altecled PP 
ilraled anorexia, pe™'* . Altman 

ness, and death within 2 3 ) canaries 

(1940) obicrved dra. mk«' 

r.nn‘ddle^d“:iSn2lo3day;^“-: 

paiion was observed m so ^ere 

diarrhea developed. The ropp . ^ 

greenish in color and. in ! 

bloody. Keymer (1959). m discussing P 


silsssa 

onng bird. 

abicnt in babmbaly m'la development 
oaibreab. » nel, pemil dm deve p 

or adhesions. How- 

duoilcnum »* a ocasionally ob- 

poulu. Cecal core rcoorted that 

“vlS im nmil. Su. ceea 
::)rrkum;'lf 55 per cento, 

•‘Tnvrav and Bradinrd (^^954) In an edori 

during „:ih lesions suclt as 

systemic involvemcn 

pericarditis. "5"°} . central nervous 

Tcart. air-sac catarrhal 

system res ( 20.8 per cent of 

enteritis vsitli cccal catarrhal 

f » r «r'oETccim-)l (3) 
enteritis (33.i per ^i^ Coccidium. 

enteritis complnated infection 

Hcxamita. or (4) other 

(28.4 per cent of sp ™j,y^\ion. asates. 
finding such as vva^ specimens): 

mycosis, etc. ( ^ ,05 per cent of speci- 
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ly involved in systemic cases, while other 
common types such as S. amtum and S. 
manhattan were more common in cases 
with uncomplicated diarrhea. 

Truscott (1956), on necropsy o£ duck- 
lings infected Avilh S. moscow, found the 
livers of the birds bronze in color and cov- 
ered Avith small grey areas of focal necrosis. 
The air sacs were somewhat opaque with 
yellow fibrinous plaques. Dougherty (1961) 
described in detail the pathology of S. ty- 
phi-murium and S. enleritidii infection in 
the While Pekin duckling. Gross enlarge- 
ment of the liver with or without focal ne- 
crosis, formation of caseous plugs in the 
ceca, and enlargement and mottling of the 
rectum svere the predominant lesions. Per- 
icarditis, epicarditis. and myocarditis tvere 
found. Central nervous lesions consisted of 
thickened meninges in about one third of 
the typical salmonellosis cases confirmed 
by bacteriological studies. Price et al. 
(1962), in necropsy studies of ducklings in- 
heted with Salmonella, found necrotic foci 
in the liver, cheesy plugs in the ceca, im- 
paction of the rectum, and blanching of 
the kidneys, Rasmussen (1962) desaibed 
the pathology of arthritis in slaughter 
ducks due predominantly to S. lyphi-mif 
Tium. Among 827 arthritic ducks, S. typhi- 
murium was isolated from 12 per cent of 
the inflamed hock joints, 75 per cent of the 
knee joints, and 52 per cent of the hip 
joints. Perek and Rabinovitz (1957) found 
that at autopsy, goslings revealed pale flesh 
with some necrotic foci on the livers. Das 
et al. (1959) observed yellowish-green fi- 
brinous deposits in the oral cavity and at 
the base of the longue and on the upper 
palate of pigeons infected with S. typhi- 
murium. 

Adult birds. Mature fowl generally ex- 
hibit no outward signs of the infection. 
Acute outbreaks in seraimature and adult 
birds under natural conditions are rare. 
However, adults in infected flocks are of- 
ten chronic carriers of paratyphoid organ- 
isms both in their internal organs and in- 
testinal tracts. Wilson (1948) found that 
adult chickens may remain intestinal car- 


riers of S. typhi-muTtum and S. thompson 
for periods up to 9 to 16 months. 

Experimental paratyphoid infection of 
adult chickens and turkeys by either Ae 
parenteral or oral route of administration 
will result in an acute disease of short dura- 
tion, S)mptoms during tlie acute stage 
include loss of appetite, inaeased water 
consumption, diarrhea, deliydraiion, and 
general listlessness. Recovery is rapid in 
most cases, and death losses do not usually 
exceed 10 per cent. 

Acutely infected adult fowl may reveal 
congested and swollen liver, spleen, and 
kidneys, hemorrhagic or necrotic enteritis, 
pericarditis, and peritonitis. Leg weakness 
in mature birds Is not uncommon. Higgins 
et al. (1944) encountered a flock of 24- 
week-old turkeys infected with paratyphoid 
in whidi 10 per cent of die birds were so 
severely alTccied svilh an arthritic con- 
dition that they were unsuitable for mar- 
keting. Chaplin and Hamilton (1957) 
ported a synovitis in tutkeys, similar W 
that ascribed to intravenous staphylococal 
inoculation, follotving intravenous inocula- 
tion of broth cultures of S. thompson. 

In an infected environment under nat- 
ural conditions the disease is constantly 
transmitted among adults through con- 
sumption of the organisms; howeter, the 
period that the birds are infected may be 
transient. The degree to tvhicli adult 
chickens and turkeys become chronic car- 
riers is dependent upon the number of 
organisms to whidi they are exposed, the 
virulence of the strains, and the general 
condition of the infected individuals. 

Chronic adult carriers of paratyphoid 
infections are often submitted for necrop- 
sy as reactors to serological tests for pul- 
lorum disease or S. typhi-murium infection. 
Emaciation, necrotic ulcers in the intes- 
tines, enlarged liver, spleen or kidneys, 
nodules on the heart, and distorted ovules 
may occasionally be noted. Pathological 
changes in ovarian tissues as a result of 
paratyphoid infection are not so distinctne 
or common as observed in the case ol 
chronic carriers of pullorum disease. 





of intestinal carriers- 


DIAGNOSIS 

Clinical observations and 
i„g, may be mggeslive ot 
lection »hen a supportive htsto^ « 
ahlp and may permit one to reach a 
^We diagnosis a^s a basis for eariy treatment 
or control is 

final diagnosis o! paratyphoid 
dependcM on the isolation 
tion ot the eausative orgamsms. 
ior this purpose require oPP'O^^^'Vn 
to 72 hours. The practicing ''eteirnana 
most usually rely on the state animal drag 
nostic laboratory for this the 

Biochemically and anttgemrfly 
members o£ the Salmonella g 
closely related not only to 
also to many other groups of 
Enterobacteriaceae, such as 1^,* . 

and Proteus spp. Accurate "leMitoPo" “ 
Salmonella and their '^'Setentiation i m 
other closely related o'eaniji" ^ 
quire detailed laboratory study. Specially 
serological procedures necessary 
final identificatio.. of /“'““"tnion ?n 
have been discussed under the 

^"ThTbacletiologist “ /“f 'uT- 

gaged in the isolation of Sa ™ . ^hly 
lures from poultry must e ,jjn|ard 

familiar ^ith the applicauon . 

procedures for the culture an ,^„hac~ 

L„ of member, of *0 famj V 
teriaceae. The manuals o /19621 

(1950) and Edwards and ^tory 

on this subject are excellent laboratory 

references. onlv 

Serological tests have been ap^l _ 

on a limited scale for the 
typhoid infections of poultry. the sec- 

trill be discussed in more deta.1 

tion on Prevention and Control. AMgn 
used to test lor paratyphoid inf 
react positively to .“rum rf b^a^y^ 
fected with pullorum disease, 
the Arizona, and other orgams 


'^‘?^“\»'thfreac;LTS 

“r“uJpkious nature. Thus, serolognml 
’ * t r .^LtvDhoid should be regarded 

““"CiUr rather than a definitrve 

diagnostic „phoid infection 

organs or other p ' ^ ij indicated. 

tract may al o be c l 

Mallmann el “1- Gibbons 

Hinshaw “'^Gauger aid Greaves 

and J 'phase (1947) have cm- 

(1946c. Wf)i. bacmriological 

phasiied the contents in at- 

exaniination ‘ presence of 

P^^hVd Sr in ^Hiclts and 

living birds >1“ '"c-t-phoid infection; 
tic procedure P='Y’Pp„ccliable since 
however, this metho be in- 

fecal exaelion of the organ ^ 

tenniitentand it IS P^ (,950) 

large 'caUests are not sufflaent ly 

indicated 'f “ ‘ “ have limited apph- 

cation, inese p general measure m 
ployed, h---; “ rylocS that may con- 

the detection of supp y hactcnolog- 

tain Salmonella material from em- 

ical examination o Y - . 21 proved 

hryos dying between days W and 2 
a practical method of detect g 

“r ‘d" ?S' S'oS'swibs from , both 

Srand'“hhensinWem_^N^^^^^^ 
the samples ““J"" pa organisms, and 
uin 4 types c^ere introduced 

it was suggested ^at the ,aminated 

into I»“''T,‘“’t em;“d Vickers (1960b) 

si“£oTrsw-po-- 
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phi-miirhim ranged Irom 0-33 per ccnl in 
the medicated birds and from 50-G0 per 
cent in die nonmedicated control groups. 

Cultures taken directly Ironr Iresh or- 
gans of diseased birds arc made on beef- 
infusion agar slants or plates, svhicli arc 
incubated for 24 hours at 37° C. Intestinal 
cultures arc subjected to selcclisc cnncli- 
ment in liquid broths after -whldi they are 
streaked on sclcctisc agar plates. Tliis 
technique is also useful in the bacteriologi- 
cal examination of specimens that are in 
a state of decomposition. 

There are a large number of liquid 
enrichment broths and sclecthe a^rs that 
ha\e been recommended for the isolation 
of Salmonella cultures from fecal speci- 
mens. These have been reviewed by Ed- 
wards and Ewing (1002). Several media 
have been established, through practice, 
as most universally useful in the diagnosis 
of paratyphoid infections of poultry. For 
Initial enrichment of fecal cultures most 
laboratories employ either tctrailuonaie 
broth with 1 to 100,000 brilliant green and 
5 per cent bile, or selenite broth. Some 
laboratories use both of these media, whicli 
are available commercially in dehydrated 
form, in die examination of cadt fecal 
specimen. About 1 gram of fecal material 
is used to inoculate each 10 to IS cc of 
selective broth. Moran (1959b) reviewed 
procedures for the isolation, identification, 
and dillerentiation of Salmonella and Ari- 
zona strains. She strongly recommended 
the use of KauUmann's tetraihionatc en* 


nchment medium, containing bile and 
brilliant green, and Kaulfmann's brilliant- 
green agar for the isolation of Salmonella 
and Arizona cultures from intestinal con- 
tents. Stokes and Osborne (1955) and Os- 
borne and Stokes (1955) developed a modi- 
hed selenite brilliant-green medium for the 
isolation of Salmonella. This medium, 
through the addition of 0.05 per cent so- 
dium sulfapyridine, was found to be suffi- 
ciently selective and sensitive to permit iso- 
lation of Salmonella, even when only one 
viable cell was present in 100 grams of com- 
mercial, naturally contaminated dried 
Gallon et al. (1952) reported that the 


addition of 0.125 mg. of sodium sulfailua- 
2 olc to each 100 cc. of ictrailiionalc broth 
suppressed the multiplication of Proteus 
organisms. Jclfrics (1959) found dial tetra- 
ihionatc containing 40 inicrograms of no- 
vobiocin per milliliter of medium has 
proved belter than plain tctrathionaie as 
an enrichment medium for the isolation of 
Salmonella. The novobiocin was found to 
be very inhibitory for Proteus organisms. 
Gallon (1901) reported the addition of 6 
milUlitcri of a 10 per ccnl solution of Ter- 
gitol N'o. 7 to each 100 milliliters of tetra- 
ihioiiaie brilliam grccn broili for the isola- 
tion of Salmonella from animal feed prod- 

Enrichment broths are incubated for 18 
to 21 hours at 37° C. before streaking on 
selective solid media. The most widely 
employed selective plating agars include 
SS .agar. MatConkey agar, brilliant-grceii 
agar (Kauflm.inn, 1950), and dcsoxychiv 
late cltraic-laciose-sucrosc agar. There » 
some variation in preferences for these 
plating media among various diagnostic 
lalwralorics. Eilwards et a/. (1918c) lUted 
that Uic most satisfactory mciliod for the 
examination of intestinal material from 
fowl for paratyphoid organisms is llie us* 
of tctrathionaie btilliani-giccn brom 
plated after 21 hours’ incubation on the 
biiUiam-grecn agar of KauIImann (1950). 

Bloom et al. (i958). in culture studies of 
sewage, found a selenite brilliant-green cn- 
riclinient medium to be superior to tetra- 
thionatc broth in the isolation of Salmo- 
nella. Dixon (19G1) found that plating o* 
selenite F cnridimcnt cultures on a bril- 
liant green MacConkey agar after C hours 
incubation at 43® C. added significantly to 
the number of positive isolations of Sal- 
monella. Yamamoto et al. (19Glb) did not 
find the number of Salmonella in turkey 
feces to change appreciably when sample 
were held 21 to 48 hours at 4® C. Ringer s 
solution and Hajna's preservative were ti- 
fcctive as suspending media to maintain 
the organisms. Scicnite-cysline broth en- 
ridiment with subsequent plating on bnl- 
liant-green agar gave the most favorable 
results in the isolation of S. typhi-muTtu’’^ 
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from inlected tissue and other ; 

Methods lor the '■acteriologiQl »ttm 

nation of reactors to ‘ttologtcal te^ for 
paratyphoid inlections are tdentiol to 
Lse used in the laboratory °| 

reactors to the pullorum test. JifoSberr 
al 0950) outlined procedures to 
bacteriological examination 
serological tests lor pullorum 
VamaLto el al. (1962) 
procedures tor the examinatton of turtceys 
reacting to serological tests lor 
murium. Standard procedures for *9 
lation of Salmonella from ”“0“ 

of egg-embryo origin have also 
saibed (Anon.. 1934). or- 

Because of the interest m Sulrnoudl 
ganlsms occurring in of 

onimended procedures for the i 
Salmonella organisms f™"'. 
and meat by-products have be^ riMJ) 

and published (Anon., 1962). Hobbs ( MS) 
discussed in detail techniques for 
tion of Salmonella 
and ev” nroducti. PanadaVus (I960) d' 


Salmonella organisru, >w... ~ 

products. PapadaVus (I960) devet 

oped "“a dulcitol.suctose.salictn.iroiyutea 

agar tor the diSerential diagnosis of Mt- 
monella, Proteus, and 
Since 1951 the Research j-ij, 

the North Central ®-egional Poul^ 
case ConEcrence has conducted a ^ P . 
the study of various monella 

techniques for the recovery 
from adult birds submitted for ^ 

cal examination as reactors to blc^ «su_ 
Tlic results of this study were 
the 1952 and 1953 Proceedings of Uie 
fcrence. At the 1954 Conference the resmu 
of sarious surveys ^verc *“*"”*^’'*5 for 
this information was used as a . 

die siandanl procedures for the . ^ 

lion of reactors to Salmonella 
tests whidi are published m the 
Poultry and Turkey 

, and Auxiliary Prosisions ior 

The tissu J most frequently select^ for 
culture from serological rcacton 
hcatt. liver, lungs, 
testes, oviduct, panacas. and P 
composite sample of Uie above 

triturated in a stailc morur. ground 


a blender, or the organs may be 

trcToVsXtfhrolhtmSiaJ^^^^^^^ 

nate plating 

SrarrS^^ ^ 

media are Stic suspicious 

=-":=7.”.r,.= 

3s"~n=St.'Ss 

colonies ‘yP‘“l. , . touching tlie tip of a 

colonics are picked by tou^^mg 

SlebSth 

Sie development of a 

„mbmation „t Salmonella 

agar ' j related enteric organ- 

'r.£ge.ai(>=»)tr“cirard 

5Kmsfor3:-eEofr»S 

Crea agar o£ V or the 

5a7rurrfrofSfo-eS a..(.9.5) 

“■Tlmsc “'‘“'rh'e’SaSSid to the 
urease lest idenli6caliom 

SefSi for fodol proiluciom se™- 
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TABLE 9 3 


Topical Reagtioas of PAitATYPUOiDi Arizcsa, and Citrobacter 
Cultures OH liiAGNosnc Media* 


Media 

Paratyphoid | 

Arizona 

Citrobacter 

Dextrose . 

+ 

-f 




-1- or X 

usually -|- 

Ivlannitol , . 

1 + 

+ 


Maltose 


-f 


Dulcitol .... 

1 usually 


usually -i- 

Malonate . 




KCN. , . 




Ninhydnn 








Icdol. . 

Gelatin 

I 

usually — 

usually — 

Motility 

4- 

-1- 

+ 


* +, positive in 1-2 days, acid and gas in carbohydrate media; — , negative; e, late or 
irreguOariy positive lO 7-10 days. (+), gelatin liquefied slowly. 


solid medium for motility; and gelatin. A 
Gram stain of each culture should also be 
prepared. Checking of each culture with a 
polyvalent Salmonella typing serum i$ 
helpful in identification. 

Typical reactions of paratyphoids, Ari- 
lona, and Citrobacter on diagnostic media 
are listed in Table 9.3. 

Garside et al. (1960) used phage-typing 
of S. typhi-muTium in distinguishing a sin- 
gle strain of this organism in experimental 
studies of antibiotic resistance. Anderson 
and Wilson (1961) have desaibed a bac- 
teriophage-typing scheme for $. typhi-mu- 
rium strains of animal origin. TTiey sug- 
gested that the more extensive veterinary 
use of this procedure svill aid in tracing the 
distribution of particular types of S. typhi- 
murium infection in animals. Marihedal 
(1962) used a biochemical and serological 
scheme for classifying S. typhi-murtum 
strains of avian origin in Denmark. 

TREATMENT 

Medicinal therapeutic measures may be 
employed to reduce mortality in acute 
outbreaks of paratyphoid infections and 
to aid in preventing the development and 
spread of the disease. All such measures 
have the disadvantage of being incapable 
of eliminating the infection from treated 
birds. The demonstration by Yurchenco 
et al. (1953) that certain of the furan ring 
type of chemicals (nitrofurans) have 


marked activity against Gram-negative 
bacteria opened a new field in the ther- 
apy of Salmonella infections of poultry. 
Wolfgang (1958) reviewed recent progress 
in nitrofuran research. 

The use of chemical therapeutic meas- 
ures for paratyphoid infections in domes- 
tic poultry flocks should be restricted to 
flocks intended for market use. Young 
birds that have undergone an acute out- 
break of paratyphoid infection, even when 
drug therapy is used, are not a safe source 
of future breeding stock. Birds that have 
received treatment may remain carriers of 
the organisms as therapeutic measures are 
not capable of completely eliminating the 
infection. It should always be remembered 
that while advances have been made in the 
prevention of paratyphoid and reduction 
of losses through treatment, therapeutic 
measures are of little value in any long- 
range program to eliminate paratyphoid 
infectiom from poultry flocks. 

individual or flock therapy may be in 
dicated in acute outbreaks of paratyphoid 
infewons among birds maintained in zo- 
ological parks, for treating household pets 
canaries (Burkhart el 
al.. 1962). and for flocks of wild birds main- 


Ine sulfonamide drugs have been dem- 
omuated to have some effect in reducing 
the mortality from paratyphoid inlections. 
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Seltamethenne and ^ 

been most widely used and 
administered as leed additives. “ 

the sullonamides at the 
should be intermittent to prevent the d^ 
velopment o! toxicity from the 
Turkey poults are 

to the toxic ellecu o! the drugs. Soluble 
lorms of some o! the sullonaniide diupaie 
available [or addition to the drinMg 
water. This method ot 

advanugeoua when the bir s sasisl- 

sume leed in quantity. 
ant bacterial torms may develop from con 
tinued treatment. ,„ifamcra* 

Clark (1916) "ported that 
line in the mash at a level o ' ^ 
or hizher was eBective as a P"P J j 
measure against P^^^yP^^'^.gi^wncoun- 
chicks and poults. ^ tvo/n-murium 

tcred a serious outbreak o£ S. typ qe 

inlection in which suliameraan ^ 

per cent concentration in the tn^hrj^ 

ineiicctive. Eveleth ct ui. ( ^,„iine in 
that 0.4 per cent suUamer- 

the drinking water or 0.5 per « 
azine in th? mash was i”iec. 

during death losses from el ah 

lion, in poult, and cliic^- ^X^^e sSl- 
(1918) reported that death 

ladialine, and sniiameranne redu^ 

losses from S. 'yf'u-.mnnum m e«.o^^^ 
chick, 50 per cent; ’g, clleclisc 

proved to be / 1962 ) used 

when fed to poult,. Trice et • ( . • 
soluble sulfamethazine m ‘ o1 

water at the rate of I ounce P ^ j j. 
water for 2 daj, in the treatment ol sa 
monellosis of duckling*. >.-.,1 cxicn* 

The antibiotics have "bold 

shely used in the treatment P 
inlection. ol poultry. In geu^J; S^„a, 
prosed less eScciue than , and 
ucaunents that are 1 'TErramycin 

Bradford (1951) ^ JS) i«=re 

and ddonetracyclinc 

the drug* ot choice in 

phoid ouibieaks in i>ouits. loluble 

conceniraiion* were 100 P IVVca cram* ol 

Tciraraydn in die water of 

Tcrramycin or chlorietracyclinc per 


leed. The duration o! treatment wu d^ 
S£“hat‘'recefred”°stitonS therapy 
“,K"£“dTthe Slo“tic. 

t“;^^ou;. Garside ct .1. (I960) found 

ing the i, 1954) and 

Thiocymetm (Shatter ei . insjy 

.ynnematin B “i. JX«relnr. 

'"'“nrrSl“in experimental applicaUon. 
aging reiuus 1 p salmonellosis. 

{or ‘h®, (1953) found Chloro- 
and ?e^ nl Si’to change the 
mycetm and J efra ) Salmonella iso- 
tetmentame properties McCarty (W53) 
laied from ireatc beneficial in the 

'Tmfnt"rrd" rhy inSn in geese 

Sn=°tEp, of pigeons infected with 

S. lyplii.miinom. sensitiv- 

S fr. efrVsL^e;reveaW 
compound tcdimed mortality in^ ^ 
r;sSm?rin.uLncousiywith,orlday 

»‘'^';S!“elN.(5-nittm2.Imtmjii^^ 

JminmZ^xatolidone), of die nii^^ 

[uran denvati'es o morlalily 

found to be cllecti ivdc, of para* 

!„ acme outbreaks ■>! ^'PSif Imel. 

^iroif^Sr/uratofionci. marketed 
jmliJone has a low toxin y „„,„iaue 

and acl. b, ,„ic.obial cell, 

metabolic proce.se. ol u> 
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diuB was found to be effective in 
dead, losses from the infection 
increasing the body weights of birds being 
treated. 


Mding and Mayer (1958) 

Inratolidone added to the >o“h of 
a, the level of 0.011 per to 5 

iollowed by a 0.0055 per cent 1= ^ to 
weeks reduced the mortality <10= “ 
diego infection by 50 per cent. Tratme" 
was started at the time the 
experimentally infected. “ p. 

snlfamethaiine were found to ha P 

preciable effect in reduang 
the infection. Treatment with 
mycin and sull.methatine cir 
reduced the number of infected amm 
Bierer and Vickers (1960a) 
eSect of 4 nitrofurans on S. ; 

infection induced expertmenttdly m 
poults. Results were 
none of the nitrofurans use . 
pletely successful in eliminating 
S. typhi-murium from the iL. 

Bie?« and Vickers (1960b) 
atolidone in the feed or soluble m 
in the drinking water S. 

mortality from experimentally 
lyphi-muTittm and S. heidelberg 
in poults. The soluble "to 
were NF-Z48 and solubilized furaltado 

the level of 0.0066 and 0.0264 per 

speclively, in the drinhing 

drugs did not depress "o'" , ^‘’“p^/been 

Solubilized luraltadone would have 

the nitroluran of choice » ‘ ,t,-rtiieh 
feasible or desirable to medicate * 5 

the feed. Bierer et nl. ('961c). 
studies of water-soluble toahadone 
cation, found that the drug “‘'mmu^ 
at die rate of 0.25 gm/gal »' 
in a marked reduction Using 

S. typhi-murium infection in ;iritik' 

furaltadone prophylaclically m t ^ ^ 

ing water at the levels J found 

gm/gal, Bierer and Barnett ( ' tvbhi- 
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preventing cell multiplication ^aul, 
1956). The drug has a low solubility which 
permits the extended maintenance of a 
rather high concentration in the intestinal 
tract of treated birds. Smith (1955) dem- 
onstrated, however, that furazolidone is 
usually totally absorbed near the middle of 
the avian intestinal tract The drug is gen- 
erally administered at a concentration of 
0 0055 per cent (50 grams per ton) fed in 
the mash on a conunuous basis as a pre- 
ventive of paratyphoid infections in birds 
over 2 weeks of age or at the level of 0.011 
per cent (100 grams per ton) as a pre- 
ventive in birds during the first 2 weeks 
after hatching. A dosage schedule of 0.011 
per cent to 0.022 per cent (200 grams per 
ton) in the mash fed for 2 weeks is recom- 
mended for treatment of acute outbreaks 
of paratyphoid infections The drug is 
usually added at the required level by the 
feed manufacturer. 

Paratyphoid organisms arc apparently 
more resistant than S pullornm and S. 
gallinarum to the inhibitory action of fur- 
azolidone both in laboratory tests and in 
field therapy trials. Smith (1955) during 
in vitro sensitivity studies found that the 
9 strains of S. typhi-murium included in Im 
tests were 2 to 4 times as resistant to fur- 
azolidone as was S. puUorum. Harwood 
(1956) indicated that furazolidone only 
rarely eliminated paratyphoids from infec- 
ted birds although clinical response in re- 
ducing mortality from the disease was ex- 
cellent. 

Smith (1955) reported that furazolidone 
fed at a level of 0.04 per cent in the mash 
continually for 10 days was very effective 
in reducing the mortality associated witlv 
experimental S. typhi-murium infection in 
poults and chicks. It was found that a high 
proportion of treated birds become carriers 
of S. typhi-murium even when treatment 
was started 3 day-s before infection. The 
organisms were more frequently recovered 
from the feces than from the organs of ex- 
perimentally infected birds Repeating the 
treatment or increasing the concentration 
of furazolidone was not found to decrease 
the carrier rate. 


Wilson (1955) conducted experiments 
to test the efficacy of furazolidone in treat- 
ing S. lyphi-murium and S. thompson in- 
fections in chicks. Both 0.02 per cent and 
0.04 per cent levels of the drug were used 
in these experiments. Results were incon- 
clusive as the disease did not develop to any 
degree in control groups that received no 
treatment. Harwood (1956) suggested that 
a combination treatment of furazolidone 
and sulfonamide may prove useful in re- 
ducing losses in extremely severe paraty- 
phoid epizootics of poultry. 

Sieburth {1957a) studied the effect of 
0.011 per cent furazolidone on the mortal- 
ity rate of chicks experimentally infected 
with S. typhi-murium at 1 day of age. Un- 
infected controls and furazolidone-treated 

groups both experienced 7 per cent mor- 
tality while the infected groups that 
ceived no treatment experienced a mortal- 
ity of 27 per cent. However, 100 per cent of 
the intestinal cultures and a majority of 
the organ pooh from the surviving 
contained detectable numbers of S. typht- 
murium. The drug also had an inhibitory 
effect on the development of S. typfii-tnu* 
rium agglutinins detectable by a conven- 
tional agglutination test. Agglutinins were 
demonstrable, however, through the use of 
an indirect hemagglutination test. 

Beattie (1960) reported that he used fur- 
azolidone with excellent results in to' 
treatment of experimental S. thompson in- 
fection in chicks. Lannek et al. (1962) re- 
ported studies of the nitrofurazone com- 
pound, Tiafur, in the treatment of experi- 
mental and spontaneous Salmonella iojee- 
tions in chicks. Mortality was consider- 
ably reduced and clinical symptoms were 
markedly suppressed by a level of 0.1 per 
cent of Tiafur in the feed. A 
treatment with small doses (O.OI and 0.(J 
per cent) gave more chicks the chance to 
survive without eliminating infection, an 
ransequently left more carriers. Bierer an 
Barnett {1962a) studied the use of 
trofuran feed additive, Nihydrazone 
drafur), at the 0.011 and 0.022 per «nt lev- 
els, in the therapy of incubator-induced ^ 
typhi-murium infection in chicks. 
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SOO mg. total nitroEuran per liter o£ watCT. 
This combination at 150 and 200 mg. Jewels 
gave 100 per cent protection against S. 
typhi-murium infection in canaries. It was 
emphasized that increased water consump- 
tion during paratyphoid infections makta 
the use of water-soluble nitrofurans pref- 
erable. Also pet birds like parakeets and 
canaries consume seeds which makes it 
impossible to administer the drugs in the 
feed. 

Bacterins, serums, or similar biolt^cals 
are not effective in either the prevention or 
treatment of paratyphoid infections of 
poultry. 

PREVENTION AND CONTROL 

Adult intestinal carriers serve as the 
chief source of paratyphoid infections^ In 
roost species of poultry. Fecal contamina- 
tion of hatching eggs by the Tronic car- 
rier or from an infected environment is 
the means by which the infections are gen- 
erally introduced into the incubator and 
subsequently into the brooder. Because of 
the wide natural distribution of Salmonella 
organisms, the numerous antigenic types, 
and the lack of adequate methods to de- 
tect carriers among adult flocks, hatchery 
and flock sanitation is the most impor- 
tant factor in the prevention and control 
of paratyphoid infections of poultry. 

Flocks that experience acute outbreaks 
of paratyphoid with high losses at a 
young age, or those that are known to 
carry the infection at any age, should not 
be used as a source of eggs for liaiching 
purposes. Early disposal of sudi flocks is 
usually the most desirable program to fol- 
low. Agglutination tests have been em- 
ployed to detect infected flocks: however, 
procedures for this purpose have not been 
developed to the degree of accuracy of 
serological tests for the detection of pul- 
lorum disease and fowl typhoid. For pre- 
vention of the infections, replacement 
stock and hatching eggs should be obtained 
from a source that is known to be paraty- 
phoid free. The birds should be main- 
tained at all times in an environment 
where exposure to the organisms is kept 


at a minimum. Goett (1962) discussed the 
California program used for the control of 
S. typhi-murium and zVrizona infections in 
turkCT's. The program is based on the fol- 
lowing principles: (1) Slocking the breed- 
ing flock from a known clean source: (2) 
bacteriological sampling of all poult mor- 
ulity up to 21 days of age: (3) tube aggluti- 
nation testing of all potential breeding 
stock with S. pulloTum, S. lyphi-tnunum, 
and Arizona antigens: and (4) routine bac- 
teriological examination of samples of 10- 
day-dead embryos from the hatchery. 

Paratyphoid infections, when encoun- 
tered in valuable breeding stock, consti- 
tute a particular problem. Special mea^ 
ures are necessary in sucli cases, and eradi- 
cation efloits often extend over a period of 
several years imolving considerable finan- 
cial loss. The most practical way to con- 
uol the disease among birds in the pet or 
bird store is by means of depopulauon ana 
thorough cleaning and disinfection 
premises. A critical examination should be 
made of the source of supply for replan 
ments in order to prevent recurrent infec- 
tion. 

An effective program for the preyenuon 
and control of paratyphoid infections oi 
poultry should give consideration to the 
following measures: 

1. Hatchery and egg sanitation. The use 
of only dean eggs for hatching purposes 
will lessen the chances of introdudng the 
infection into the incubator through feca 
contamination. Adequate numbers of nests 
and clean laying houses should be pro- 
vided. Eggs should be collected at fre- 
quent intervals, fumigated, and stored in a 
coo! place for as short a period as possib e 
before setting. Cleaned and disinfected con- 
tainers should be used in collecting t e 
eggs, and the person making the collections 
should be certain that he does not serve 
as a source of contamination from oi^o- 
isms that may be present on his dothmg 
or Iiands. Dirty eggs should not be use 
for hatching purposes, and should be col- 
lected in a separate container from hat 

•ngeggs. 

Racks or 


crates used for storing eggt 
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larger amounts the period of embr)onic 
susceptibility appeared to be prolonged 
from the second to the sixth or even eighth 
day of incubation. Since Harry and Bin- 
stead (1961) were able to demonstrate that 
hatchability may be adversely affected when 
embryos are exposed to high levels of form- 
aldehyde gas between the third and ninth 
day of incubation, preincubation fumiga- 
tion as a standard procedure was highly 
recommended. The degree to which hatch- 
ability was affected was influenced by the 
particular flock involved and the preincu- 
bational storage period. 

Fumigation of hatching eggs as soon as 
possible after collection is highly recom- 
mended. A room or cabinet sized propor- 
tionally to the number of eggs should be 
provided. Fans can be used to circulate and 
exhaust the gas from enclosed areas. Eggs 
for fumigation should be placed on racks 
which will permit good air circulation. 
Formaldehyde gas is provided by mixing 
0.6 gram of potassium permanganate with 
1.2 milliliters of formalin (37.5 per cent) 
for each cubic foot of space in the cabinet 
or room. The chemicals should be mixed 
in an earthenware or enamelware container 
having a capacity of at least 10 times the 
volume of the total ingredients. The gas 
should be circulated within the enclosure 
for 20 minutes, then expelled. Humidity 
for this type of fumigation is not critical, 
but the temperature should be around 
70® F. Extra humidity may be provided in 
dry weather. 

When preincubation fumigation is im- 
possible, eggs should be fumigated as soon 
as possible (preferably within 12 hours) 
after setting. After allowing temperature 
and humidity to regain norma! operating 
levels, formaldehyde gas should be released 
into the incubator. For each cubic foot in 
the incubator, 0.4 gram of potassium per- 
manganate and 0.8 milliliter of form alin 
(37.5 per cent) are used. Doors and vents 
should be closed with circulating fan op- 
erating for a 20-minute period of fumiga- 
tion with normal operating temperature 
and humidity. After fumigation, vents 
should be opened to the normal operating 


positions to release the gas (Anon., 1963b). 
An illustrated bulletin in which the im- 
portance of preincubation fumigation of 
turkey batcliing eggs is discussed has been 
publuhed by the California Department of 
Agriculture (Stover, 1960). 

Buxton and Gordon (1947), Wilson 
(1948, 1949. 1951), Clarcnburg and Roepke 
(1952). Lancaster and Crabb (1953a, b), 
Lancaster et al. (1954), Harry (1954), 
Clarenburg and Romijn (1954), and 
Frank and Wright (1955), have studied 
the use of formaldehyde gas in the fumi- 
gation of eggs and incubators contaminated 
with paratyphoid organisms. Buxton and 
Gordon (1947) and Wilson (1949) have 
recommended that fumigation for the de- 
struction of paratyphoid organisms on the 
shell surface should be done before incu- 
bation. Penetration of the shell was found 
to proceed far more rapidly in the warm, 
humid atmosphere of the incubator, and 
usually to occur during the first week of 
incubation. 

Wilson (1951) recommended the fumi- 
gation of eggs for a period of 30 minutes 
with formaldehyde gas produced by the 
addition of 150 ml. of formalin to 100 
grams of potassium permanganate per 100 
cubic feet of incubator space. This con- 
centration of the gas ^vas invariably lethal 
for S. typ/ii-muriwm on eggshells and on 
down, and normally had no adverse effect 
on hatchability if certain precautions as 
to the time of application were taken. 
Humidity was not a factor as this treat- 
ment was found to be effective even under 
ordinary atmospheric conditions. The high 
concentration of the gas was recommended 
particularly following an actual outbreak 
of paratyphoid inferXiocu 

Frank and Wright (1955) studied the sus- 
ceptibility of 19 Salmonella serotypes to 
formaldehyde fumigation. Test organisms 
were placed on pieces of eggshell and 
string. Fumigation with 150 milliliters of 
formalin and 75 grams of potassium per- 
manganate per 100 cubic feet of incubator 
space killed all organisms in 20 minutes, 
while a number survived 10 minutes fumi- 
gation. When 100 milliliters of formalin 
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50 gram, oC potas,ium f 
per 100 cubic feet were used. 30 minute, 
were required to kill all organisms. S. ful 
lorum was found to be more "““ptiUe 
than the paratyphoids to the lethal 

of the formaldehyde gas. 

For routine fumigation of 'SR, “ 
stray paratyphoid organisms 1 

(1951) recommended the use oi 1 • 

lotmaliu and 50 grams of POf”!”” ^ 
manganate per 100 cubic feet of 
space with a dry bulb reading of 100 F_ 
and wet bulb reading of 90= F. A smuWe 
time for fumigation was found to be 
hours after the eggs were set. A ^ 
gation toward the end of the inc 
period is of further value in the preventmn 
of incubator spread of the disease. Har^ 
(1954) found that the removal of residua 
formaldehyde remaining after fumg 
could be accomplished by adding P 
cent ammonia solution to the incu a 
a volume equal to one-hal£ that ® , 

{ormalin used. This limited the ^ 

irritant concentrations o£ formal y 
from the incubators. , 

When an air-borne infection o£ 
nella organisms has become establis 
hatchery it may be necessary to u ^ . 
the entire hatchery with high leve 
formaldehyde gas to destroy the or^ni • 
Close attention should also be given 
contaminated egg sources which are u 
ally responsible for introduction ol inc 
infection into the hatchery. Blood ® 
and the culture of eggs from supply 
are often useful adjuncts in locating 
source of the infection. , 

Price ct al. (1962) recommended inai 

duck eggs be fumigated on the s«om y 
of incubation for a period of 15 
and prescribed the use of 1 ounce o 
malin and one-half ounce of P®*^**’” r 
petmangauiitc to every 80 If 

incubator space. Rasmussen (190^) . 

discussed hygienic measures to conuo » 
spread of duck salmonellosis. 
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(Anon., 1947) in which crcsylic disinfect- 
ants are recommended. The standard dilu- 
tion o£ cresylic disinfectant used is 4 fluid 
ounces to each gallon of water (about 
3 per cent). Commercial lye, 2 per cent 
in water, is also a very effective disinfect- 
ant when used as a hot solution. Odorless 
disinfection is available through the use of 
sodium orthophenylphenate in an aqueous 
or detergent solution. 

Young birds that die or are sick should 
be promptly submitted to the diagnostic 
laboratory for examination. It is the re- 
sponsibility of the laboratory to conduct 
complete bacteriological examinations to 
detect any Salmonella that may be present. 
All Salmonella cultures isolat^ should be 
typed serologically and up-todate and 
complete records maintained relative to 
the Salmonella types recovered from each 
flock within an area. This information is 
essential in guiding the use of specific 
antigens in serological tests tor the dis- 
ease in breeding flocks. Information de- 
rived from typing the organisms also aids 
in tracing the origin of disease outbreaks. 
Periodic summarizing of this information 
within each state would be most helpful 
to those engaged in paratyphoid control 
activities. 

3. Flock sanitation. Rodents and various 
pests around the poultry yards serve as an 
important source of Salmonella organisms 
for semimature and adult flocks. Mice and 
rats may pass large numbers of the organ- 
isms in their exCTeta and are able to con- 
taminate feed supplies and water, as well 
as litter and the poultry yards It is hoped 
that a satisfactory sanitation code may be 
developed and adopted to insure that Sal- 
monella organisms are not present in the 
feed which the flock consumes. This hazard 
must be removed before other control meas- 
ures can be effectively applied. An active 
rodent eradication campaign is an essential 
pait of the general Salmonella conuol pro- 
gram. Dogs, cats, sheep, cattle, horses, and 
swine should never have access to poultry 
operations. 

Birds that have received therapy for 
paratyphoid infections should not be kept 


for breeding purposes. Neither should 
breeding flocks be treated for these infec- 
tions and then maintained as a source of 
hatching eggs. Garside et al. (I960) found 
that a large number of carriers remained 
among groups of chicks receiving therapeu- 
tic levels of chlortctracycline. They empha- 
sized that such a practice increases the 
problem of the control of salmonellosis 
in poultry. GocU (1962) reported an inci- 
dence in which it was necessary to abandon 
turkey raising operations in one area be- 
cause S. typhi-murium was indigenous in 
the wildlife of the area. The organism was 
isolated from gopher snakes, ground squir- 
rels, and owls shot on the premises. 

4. Serological testing. Procedures for the 
serological detection of adult carriers of 
paratyplioid infections have not been ac- 
cepted or applied on the scale of those 
employed for the detection of pullorum 
disease and fowl typhoid. The tube agglu- 
tination test for S. lyphi-murium has been 
most frequently used as a supplementary 
measure to other means of control or as a 
method for locating infected flocks. 
procedure has been most widely applied 
in testing turkey breeding flocks. 

Intestinal carriers may reveal no sero- 
logical response to the agglutination test, 
and tilers of birds tliat do react may fluc- 
tuate widely as reported by Pomeroy and 
Fenstcrmadier (1943), Buxton and Gordon 
(1947). and Lee (1957). Testing programs 
for paratyphoids are further complicated 
by the large number of antigenic types of 
the organism infecting poultry and the 
need for refinements in methods of produc- 
ing antigens for the test. 

Buxton (1958) noted that the agglutina- 
tion test is of value in controlling salmo- 
nellosis of turkeys provided it is used in 
conjunction with hygienic measures to pre- 
vent reinfection. The agglutination test 
vvas found to give some idea of the rate of 
multiplication of the organism in the host 
and the carrier animal usually revealed a 
low titer. Bierer and Vickers (1960a) re- 
ported that in nitrofuran-medicated poults 
there was a definite suppression of aggluti- 
nin production to the extent that S. tyfhi- 
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(1961) pointed out that serological testing 
for S. typhi-murium in turkeys has helped 
to detect the infection in flocks that were 
subsequently disposed of or in which rigid 
sanitation including early heavy fumiga- 
tion of eggs was applied. Yamamoto et al. 
(1961a) reported a positive correlation of 
33.6 per cent between serological findings 
and isolation at 14 days after crop induced 
S. typhi-muTium infection in adult turkeys. 
The percentage correlation had increased 
to 38.8 per cent at necropsy 35-44 days 
postinoculation. Yamamoto et aL (19G2) 
found in Oregon that turkeys reacting as 
3-|- and 4-)- to the agglutination test for S. 
typhi-murium had a higher isolation rate 
of the organism on culture. It was appar- 
ent, however, that a flock could not be con- 
sidered infected on the basis of serology 
alone. Isolation rate on a flock or per-bird 
basis was optimum tvhen 8 or 4 suspect 
birds were examined per flock. Serological 
testing was recommended merely as a part 
of the entire control program. Goetz (1962) 
described the role of the tube agglutination 
test for S typhi murium in the paratyphoid 
control program in California. 

Schalm (1937), Buxton and Gordon 
(1947), Wilson (1948), Clarcnbui^ and 
Romijn (1954), Gwaikin and Dzenis 
(1954), Gwatkin and Grinewitsch {1955a. 
b) and Sieburth (1957a, c) have reported 
the use of the agglutination test to detect 
carriers of paratyphoid infections in chick- 
en flocks. Wilson (1948) indicated that 
the agglutination test is not likely to be- 
come a practical method for the detection 
of carriers of paratyphoid infections in 
chickens. Buxton and Gordon (1947) re- 
ported that in known infected flocks, the 
use of blood testing was believed to have 
merit as an adjunct to hygienic measures 
in the hatchery. Muller (1957a) used the 
agglutination test in examining 30,596 
blood samples from ducks, geese, turkeys, 
and chickens from 1,356 flocks in the Dan- 
ish islands. It was found that 26.4 per cent 
of the flocks contained reactors to S. typhi- 
murtum and S. enleritidis antigens. Infec- 
tion was confirmed by bacteriological cul- 


ture in 41 of 361 reactors from 197 flocks. 
S. typhi-murium infected birds were found 
on one farm tvhere the farmer and his 
family had experienced S. typhi-murium 
gastroenteritis. 

Smyser and Van Roekel (1959), in the 
study of a supply flock to an institution 
where an outbreak of Salmonella food 
poisoning had occurred, serologically tested 
5,050 chickens with the tube agglutination 
test for S. typlii-murium. Ninety-four 
acting birds were detected, and 9 of the 
higher-titered reactors were cultured. S. 
typhi-murium was isolated from 2 birds. 
Muller (1961), reporting on the progress 
of the elimination of salmonellosis in poul- 
try of the Danish islands, noted that more 
extensive serological testing programs 
should be conducted for S. typhi-murium 
infection. 

Levine and Graham (1942) and Gordon 
and Garside (1944), among others, have 
reported on the use of paratyphoid anti- 
gens to test ducks. Lucas (1956) used 
furazolidone treatment and blood testing 
in the elimination of paratyphoid infection 
from mallard ducks. Perek and Rabino- 
vitz (1957) concluded that agglutination 
tests of sera of geese for the detection of 
Salmonella carriers is of negligible value 
since agglutinins may be present for sev- 
eral types of Salmonella. Jungherr and 
Wilcox (1934) and Gauger et al. (1940) 
tested pigeons for paratyphoid, and Cun- 
ningham (1941) used serological pro- 
cedures in an attempt to control para- 
typhoid infection in quail. 

Various procedures have been recom- 
mended for the preparation of antigens for 
use in conducting serological tests for 
paratyphoid of poultry (Williams and 
MacDonald, 1955). The techniques usually 
employed in the United States for the 
preparation of tube agglutination antigen 
closely follow those recommended by 
Neil and Hinshaw (1951), the Committee 
on Salmonellosis of the North Central 
Regional Poultry Disease Conference 
(Pomeroy et al, 1957b). or the National 
Poultry and Turkey Improvement Plans 
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tinafed by antibodies for the homologous 
Salmonella groups. Results tvith this test- 
ing procedure appeared encouraging, but 
the practical value of the test in nat- 
urally infected birds has not been de- 
termined. 

In 1965 there was no offidal testing pro- 
gram for the control of paratyphoid irfec- 
tions on a nationwide basis. Heemstra 
(1952) pointed out the responsibility of 
the veterinary profession in helping the 


poultry industry seek a solution to this 
problem. The application of serological 
procedures for the diagnosis of paratyphoid 
infections is dependent to a large degree on 
fadlities available in state laboratories for 
conducting the tests. Furthermore, the im- 
portance of the paratyphoid problem in a 
particular area tvill indicate the desira- 
bility of using testing procedures as an 
adjunct to the general control program for 
die disease. 


Arizona Infections 


The Arizona group consists of motile. 
Inctose-fermenting bacteria that conform to 
the general definition of the family Enter- 
obacteriaceae. These organisms, also re- 
ferred to as paracolon bacteria since their 
recognition in 1939, are closely related to 
members of the Salmonella and Ciciobacter 
groups, but can be distinguished from them 
by biochemical tests and serological typing. 

Edwards et al. (1959) and Edwards and 
Ewing (1962) have called attention to the 
vagueness and taxonomic inaccurai^ of the 
term “paracolon infections" and do not 
support its further usage m modern bac- 
teriological nomenclature. The term para- 
colon will be found at places in the follow- 
ing pages of this chapter in deference to 
its continued use by some and in the in- 
terest of accuracy of prior literature cita- 
tions. As used here, it is not intended to 
denote a specific group of bacteria. 

It was recognized early that there are no 
sharp limits to this intermediate group of 
organisms, and any classification that one 
might formulate must be open to a broad 
interpretation. Formerly paracolon bac- 
teria have been accepted as occupying a 
position intermediate between typical coli- 
forras and the paratyphoids, possessing 
certain characteristics of each. Most of 
the pathogenic organisms in the group 
were earlier thought to have the chara^ 
teristic of fermenting lactose only after 
prolonged incubation. 

The exact distribution, incidence, and 


economic importance of Arizona infections 
have not been determined; however, the 
growing literature indicates that these in- 
fections are being encountered more fre- 
quently particularly among young turkeys. 
Hinshaw and McNeil (1946a), Edwards 
et al. (1956. 1959), and Goetz (1962) point 
out that Arizona infections pose a prob- 
lem of considerable economic importance 
to the turkey industry. 

ETIOLOGY 

Stuart el al. (1943) and Borman et al. 
(1944) classified the paracolon organisms 
in a specific genus, Paracolobactrum, an 
appendix to the tribe Eschericlieae, and 
recognized three species, namely Parecolo- 
bactrum aerogenoides, Paracolobactrtim in- 
termedium, and ParacolobaclTum coU- 
forme. This general classification was 
adopted by the seventh edition of Bergey’s 
Manual of Determinative Boeferio/ogy 
(Breed et al , 1957) with the addition of the 
species, Paracolobactrum arizonae. 

In a second classification sclieme, three 
main groups of paracolons ivere recognized 
with each group being composed of a large 
number of serologically and biochemically 
related members. These groups were desig- 
nated Arizona, Bethesda-Ballerup (Kauff- 
mann and Moeller, 1940; Stuart et ah, 1943; 
Bames and Cherry, 1946; Edwards et al, 
1948d; Moran and Bruner, 1949; LVest and 
Edwards, 1954; and Lukas and Bradford, 
1954), and Providence (Ewing et ah, 1954) 
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'^ASona“poup- In 
Staining, members o£ the Arizona 6 P 
resemble other enteric organisms, iney 
are Gram-negative, nonsporogenic ro s 
which are usually motile by . 

peritrichous flagella. Most Arizona 
grow best at 37" C. and ate 
anaerobes with optimum 
normal atmospheric conditions, 
ganism, can be readily cultivated on or- 
dinary laboratory media, rewahng 
abundant growth similar to that o 
paratyphoids. Many strains produw a 
putrid odor, although this charactens 
not consistent. 
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Z Positive usually delayed 
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ot consistent. , . . 

The fust representative o£ the Arizona 
group was isolated from fatal infecuo 
certain reptiles by Caldwell u. 

(1989). These investigators class^ed tnc 


reptiles by Caldweu aiiu ; 

(1989). These investigators class^ed me 
organism as a Salmonella sp. 
laam, var. from Arizona). 

(1941). after a careful study of the flagellar 
antigens of one of the original 
designated the organism S. arizona. i 
recognized that the Arizona culture 
mented lactose and liquefied gelatin, a 
Kauffmann (1945) agreed that this organ- 
ism should be classified separately from 

Salmonella. ,q 42 \ 

Investigations by Peluffo et al. ( 
Edwards et al. (1943, 1947, 
and Edwards and Ewing (1952, . 

indicated the biochemical and antigen 
similarity, as well as the definite 
properties of strains that make up the 
zona group. . . 

Cultures possessing the following 
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agar more cllccthc lhan SS agar in the 
Liolatlorr of Arizona cultures from humans. 

FclscnfeM and Young (1911) reported 
a medium containing I per cent each of 
lactose and juezose. and one half of 1 per 
cent salicin in 0.3 per cent agar for the 
diflcrcntiaiion of paracolon bacilli and 
Salmonella. Cliilion and 3facDonald 
{19-16), Colichon (1952, 1953). Siebunh 
(1957b), and Edi»ardi and Fife (1961) ha\e 
also desaibed media for the differentiation 
ol Salmonella and.Vrirona cuUura. Bruner 
and Feckhain (1952) reported the use of 
Selenite F as a liquid enrichment for the 
isolation of Arizona from poults. 

Ariiona strains arc often mistaken for 
Salmonella since they are related so closely 
both biochemically and serologically; hou'. 
eser, sucfi errors arc not of extreme im- 
portance since the organisms of both 
groups produce clinically identical diseases 
in poultry and prcsention and control 
measures ate the same (or both. The fail- 
ure of Arizona cultures to ferment dukiiol 
and tlieir slow liquefaction of gelatin are 
most useful in distinguiihing them from 
mcmlters uf the Salmonella group. A sum- 
rnar) tabulation uf biociiemical and other 
ditlcrcniial tests for identification of |ura- 
l)phoid, Arizona, and Ciirobaetcr strains 
is presented in Table 9.3. 

Ellis ft of. (1957) tested a total of 1,136 
Salmonella and 621 Arizona cultures for 
their ability to utilize iljc organic acids D- 
taiir.aic. citrate, mucate, and malonatc dur- 
ing an incubation period of 20 hours. 
Rcaftioa patterns on these media were di- 
viublc into 2 groujss. one of which was 
tcunisoved almost cxcluiisely of Salmonella 
and the other cisentialJy of Ariiunj strains. 
Edwards ef al (1959) uiilired these organic 
acids in further diflctcniul tests for Sal- 
nsonclla and Arizona strains. Especially 
useful for the purjwse is the organic acid 
sodium malonatc which is utilireil (+) 
with .\iizuna strains and not uiilizctl (— ) 
saiih Salmonella culiuro. Tests should be 
read after 21 and -13 hours (Edseards and 
Essing. 1962). 

Ciirobactrr grouiv For purposes of 
cUiuheatiun and fdcntihcaiion. the 


Arizona group of bacteria must be differ- 
entiated not only from (he Salmonella, but 
also from a second closely related group, 
the Ciirobaetcr. Members of this group are 
not known to be pathogenic for poultry, but 
from a diagnostic standpoint may be con- 
fused svith Salmonella and Arizona cul- 
tures on initial isolation from fecal speci- 
mens. The former Bethesda-Ballerup para- 
colons (Pc. intermedium) arc included in 
the Ciirobaetcr group along with cultures 
presiouily classified as Escherichia freundii. 
While members of the Citrobacter group 
arc antigenically different from the Sal- 
monella and Arizona groups they must be 
differentiated from them biochemically. 

Members of the Citrobacter group are 
motile and usually ferment lactose; how- 
cser. some cultures attack lactose slowly 
or not at all. Sucrose and salicin may or 
may not be fermented; indol is usually 
negative; gelatin is usually not liquefied; 
and dulcitol is usually fermented. 

The potassium cyanide and ninhydrin 
tests arc most valuable in distinguishing 
Citrobacter sixains from those of the Ari- 
zona and Salmonella groups. Citrobacter 
strains grow in KCN medium while Ari- 
zona and Salmonella strains, as a rule, do 
not. Extreme caution must be taken in 
working with KCN medium to avoid its 
toxic effects to human beings. Citrobacter 
strains arc ninhydrin negative while Ari- 
zona and Salmonella strains arc positive. 
Procedures for conducting both the ninhy- 
drin and KCN tests arc described by Ed- 
wards and Ew’ing (1962), 

ANnOENIC STRUCTURE 

Aiitigcnicaify zkrizona strains are sitaiUi' 
to Salmonella and procedures for the sero- 
logical study of both groups arc idenucri. 
Members of the Arizona group have dis- 
tinct antigenic characteristics that have af- 
forded a means of antigenic analysis and 
grouping similar to that of the Kaufiniann- 
UTiite Khema for Salmonella. Schi/f cl «- 
(toil) reported I indol-negaiive paracolon 
witli the complete somatic antigens of 5- 
onJeriZfpoort and 4 oiliers with all or a 
part of the somatic antigens ol other 
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Salmonella. Edwards el al. (1943) isolate 
1 paracolon culture with all the somatic 
and all but a minor flagellar antigen ot a 
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casionally be recovered from the tnaues of 
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routine bacteriological ” 
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By examining the somatic and fegell" 
antigent »! 382 ^11000 cultures, Edwards 
el ol. (1947) were able to demonstrate 25 
0 groups and 61 distinct serological typ«. 
Edwards el «l. (1956) reported the 
tion of 1,303 cultures of Ariiona among 
which 96 serotypes were q 

wards and Ewing (1962) recognimd 83 O 

antigen groups and 231 Arizona 
In their diagnostic schema, the above in 
vesligatots have designated both the sm 
matic and flagellar antigens by AmBm nu 
metals, thus, ‘the original Ar.‘tona cnUum 
ol Caldwell and Ryerson “ 
antigenlcally as Ar. 1 ’.yne 

simply Ar. l,2ll,2,5. This is the type 
species of the Arizona . . .„q. 

Edwards el el. (1956, 1959) 
type At. 7:1, 7,8 to be mote ^ 

lated than any other type in t c 
Stales and reported that it comp 
most one-fourth of the of 

ied and was isolated from 408 out ^ 
infection. In 1947 most of the 
of Ar. 7:1, 7.8 infection in poults wctc 
eggs produced by a single 
key breeder association in a wes 
This type is now found in tur ey . 
parts of the United States. V_ 

serologically typed 155 members of the 
zona group isolated from animals, 
ot isl Olathe cnlmres 
turkeys and was confined to a ^ 

types, namely 7;1.2,6 and 7- . ' 

number of each of these was PP 
mately equal to the •'"‘"’’'f ° ,95, tom 
S. typ/ii-mun'um typed m 


lurkevs and combined was nearly twice as 
ArLna strains were not found to 
S frequently in chiekens. Mciran ( 960 


host distribution and 

PATHOGENICITY 


WVA A A.t nl U947 1956, 1959) have re- 

zona cultur composed 

tiles over a Lmres studied. 

"Z! hmcitrte wem found to harbor a 
vidual ha'wietie infection and 

single * Ihe source ol the in- 

it was Pb"*'' “ Through 

Se'Tmer^arofeK-n^JPP^y/^^^ 

™l.?he rule The organisms were also re. 
rmeS fmm man. 54% of the cul.ures 

were pathological 

Fey ' . f. . qJ Arizona 

SSSISSH 

typhoids, the Aritona organ. 

partly recognize no host bam 

widely distributed m natum 
Quottop (1953) zepotted 

SSraud'Sel: (194V°.ed h-d. as 

carriers ol *= “gamsms. 

q„?„;S^nS%irgteflrsr3weeks 
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after hatching. Goetz and Quortrup (1953) 
recorded that the mortality rales among 
poults Infected M'iih Arizona 7:1, 7,8 varied 
from 0.5 to 50 per cent, and occurred from 
the fourth or fifth day through the third 
week. Arizona infections in adult birds 
do not seem to be a problem, although 
such birds may serve as carriers of the 
organisms. Like the Salmonella, Arizona 
bacteria have a tendency to invade the 
blood stream and the mortality may be 
high (Edwards el al., 1956). Lewis and 
Hitchner (1936) reported the isolation 
of paracolon bacteria from young chicks 
suffering from an infection which simu- 
lated pullorum disease. The mortality 
rate ranged from 32 to 50 per cent In 
several broods which had been obtained 
originally from the same hatchery. These 
imcsiigators were able to reproduce the 
disease under laboratory conditions in 1- 
day-old chicks by subnitancous and ora) in- 
oculations. Guinea pigs were also found 
susceptible to the infection by parenteral 
inoculation. 

Edwards et al (1917) demonstrated the 
pathogenicity of an Arizona strain by ad- 
ministering the organisms orally to a group 
of White Leghorn chicks. Deaths contin- 
ued for 1 week wiili a mortality of 16.6 per 
cent. Of a group of Rhode Island Red 
chicks which were placed in the same pens 
as contacts, 26.6 per cent died. Arizona 
bacilli serologically identical with the 
organisms administered were recovered 
from the liver and intestines of every chick 
that died. 

Perek (1957) isolated Pc. aerogenoides 
from a severe outbreak of paracolon infec- 
tion in chicks in Israel. The organism 
proved to bt WgWy inicaioui tor di'icks 
up to 4 weeks of age, but not for adult 
birds. BigUnd and Quon (1958) reported 
8 outbreaks of Ar. 7- 1,2.6 infection in 
poults, chicks, and an adult hen in Alberta. 
This was the first time that Arizona infec- 
tions had been found among poultry in 
Alberta. Mortality occurred up to 4 weeks 
of age and varied from 10 per cent in chicks 
to 50 per cent in poults. 

Pcluflo et al. (1942) and Edwards et al. 


(1943) reported a group of Arizona strains 
which IV ere isolated from poults as well as 
adult turkeys under natural conditions. 
Mortality varied from 15 to 60 per cent. 
The average mortality was 35 per cent. 
Cultures isolated from the same group of 
birds were of the same serological type and 
the birds had a common hatchery source. 

Hinshaw and McNeil (1944b) reported 
the occurrence of Arizona type 8 as a cause 
of mortality in poults. They also reported 
the presence of this Arizona type in 
snakes found on the same premises and 
believed to be carriers of the infection. In 
further investigations Hinshaw and Mc- 
Neil (1946a, b) isolated a number of cul- 
tures of Arizona serotype 7:1, 7,8 from 
poults and snakes. On one ranch, where a 
70 per cent mortality occurred, the greatest 
losses were observed during the first 3 
weeks, but losses continued for 5 weeb. 
Gauger (1946) isolated Arizona 7;J,7,8 
from an adult turkey. 

Bruner and Peckham (1952) reported 
the isolation of Arizona 7: 1,7,8 from an 
outbreak of Arizona infection in poults 
causing a mortality of 5 per cent. Gallon 
(1953) isolated 13 cultures of Arizona 
type 10:1,2,5 in a poultry processing plant. 
Pomeroy el al. (1957a) reported the study 
of 120 outbreaks of Arizona infections in 
young turkeys. Four serotypes of Arizona 
were isolated. Serotype 7:1,7,8 was en- 
countered most frequently. Edwards et al. 
(1959) found that the number of cultures 
isolated from turkeys greatly outnumbered 
those from chickens. 

Dougherty (1953) cited two occasions 
on which he isolated Arizona organisms 
from duck livers revealing lesions veiy 
similar to those produced by paratyphoid 
infections. Edwards et al. (1947) indicated 
that Arizona bacteria may cause heavy 
losses among canaries in which the bacteria 
may be isolated from ocular tissues in cases 
of iritis. Edwards el al. (1959) reported 
that Arizona 13:13,14 was the only causa- 
tive agent recognized in two highly fatal 
outbreaks of disease in canaries. Jones el 
al. (1932) described a type of paracolon en- 
countered in many cases of infectious diar- 
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rhea in cattle. Johnson et al. (1951) 
polled infection 'of the bovine 
naracolon bacteria, RyU and Browne 
Sr holated a diphatic Aiirona „pe 

(26:29,!0) trom aborted fetuses in ewes. 

Reports dealing with the isolation ol 
AriroL strains from man ate 
Stuart el al. (1943) have mdioited tl^ 

these organisms are often associated wnh 
mild or acute gastroenteritis of sW 
duration. Paracolons have a so been as^ 
ated with other pathological . 

man including chrome en.ero^h » (Lui,> 
pold, 1947). pneumonia (Kraft, I9»i,. 
and endocarditis (Friedman and Goldin 
1949). Mushin (1949) 
bacilli to be frequently “sbciated with ^ 
troenteritis ol humans m ‘ 

(1962) studied 51 strains ot k oi 

responsible for a nasocomial outbreak o 

urinary tract infections m ntan. Evidence 

indicates that a cycle similar to 

exists between Salmonella infec 

man and animals may exist wit . . 

zona group, and the importance o 

and animal products such as 

eggs in spreading the infection to , . 

be considered. Galton (1956) and Mwar^ 

et al (1956, 1959) reviewed the 

of cultures of the Arizona group m roan. 

MODES OF TRANSMISSION 

Arizona infections are -Ilrpr 

manner very similar to P^”typhoid rote 
lions. Egg transmission of 
turkeys has been reported by ^ .j 
et ai. (1943), Hinshaw and 
{1946a), Edwards et al (1947), 
and Peckham (1952), Goetz et a . ' 
Jamison (1956), and Edwards e ° ’ 

1959). Goetz et al (1954) were able to ^ 
late Arizona 7:1,7 .8 from , 

bryos of turkey hens reacting to e g 
lination test for this serotype. 

Evidence has been presented to 
that Arizona infection of a 
may become established in a ha ^ 

then be spread to a distant est.blistom^ 
through eggs purchased from t a 
infected hatchery. Edwards e . A 
cited instances in which Arizona i 


with organisms of a certain 

was traced trom egg sources m California 

to points as far away as M-bSS-aa and 

rWina and Pennsylvania. Biglana anu 
Ouon (1958) suspected that Arizona in eo 
S, were introduced with eggs shipped 
into Canada trom certain western state 
of the United States. Edwards Nul. (1959) 
in anepiiootiological study of # _1.2.5 

'mM&B 

?;;r5rorgLh-bas appeared in man, 

'‘°a„"al. (1943) poinfohjut that 

foe^’ holation of 2 _Mhona stratus 
from intestinal samp fl956) noted 

a Salmobrila 

^'-olVnrcSormafo^^^^ 

:-;=t£3;»s,s£ 

where the ro ec i .jgjyv reported the 
poults. McClure • ( naracolon bac- 
isolation of aovera IIP ^ birds in 
leri. from *0 *oppmgs of wi^_^ 

Use vicinity of T y P^^^^ specimens, 
nella was ‘"lated (1946a) and 

Hinshaw and »fo"eu t ' „£ 

Gauger (««) "PO«" of Suit 

the organisms fro 

turkeys. The ‘^que ^gg 

bers of the Ariz F^1947^ suggested 

pooler by Edwards el al. (««^ 
wide ^^btribulion 

diickens 'brooghout tho wansmitied in 
Arizona by direct con- 

the incubawr and feed and 

tact and through j in spreading 

water. The role of iifn^trated 

the infection among I et al 

by the experiments oi 
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(1947), already cited. Goetz el al. (1954) 
did not feel that Arizona infections are 
frequently transmitted to healthy poults 
during the brooding period. Erwin (1955) 
reported the isolation of 73 Paracolobac- 
trum cultures during the bacteriological 
examination of 206 prepared poultry feed 
samples. 

SYMPTOMS AND LESIONS 

The symptoms and necropsy findings in 
Arizona infections of fowl simulate those 
of salmonellosis. While symptoms are not 
specific, infected birds may appear list- 
less, develop diarrhea, and pasting of the 
down around the vent (Hinshaw and Mc- 
Neil, 1946a). Bruner and Peckham (1952) 
reported tltat infected poults revealed 
signs of weakness, a tendency to rest on 
tlieir hocks, ataxia, and trembling. Jami- 
son (1956) reported nervous symptoms in 
Arizona infections of poults as a result 
of Uie organisms localizing in the brain. 
Perek (1957) obsersed that death from 
Arizona infection in chicks was accom- 
panied by convulsions. Bigland and Quon 
(1958) noted that Arizona infections in 
chicks and poults revealed sudden deaths 
preceded for an hour or two by shivering, 
huddling, and anorexia. In birds 2-3 weeks 
old, diarrhea, droopiness, closed eyes, 
twisted heads, and evidence of blindness in 
one or both eyes v»ere seen up to 2 days 
prior to death. Infected adults usually re- 
veal no noticeable symptoms. 

The lesions described by Lewis and 
Hitchner (1930) in chicks artihdally in- 
fected with paracolon bacteria were typi- 
cal of a generalized septicemia and includ- 
ed peritonitis; retained yolk saa; enlarged 
yellowish, mottled or inflamed liver; and 
discolored heart Similar lesions were noted 
in cliicks by Edwards et al. (1947), and in 
poults by Bruner and Peckham (1952). 
Hinshaw and McNeil (1946a) found 
marked congestion of the duodenum, and 
ochre or mottled livers in Arizona-infeaed 
poults. 

Eye lesions resulting in opacity and par- 
tial or complete blindness seem to be 
quite common in some types of Arizona 


infections in poults. Jamison (1956) 
called attention to the cloudiness of the 
eyes in infected poults which is also ob- 
served in Newcastle disease. The organisms 
can be readily recovered from the infected 
eye tbsues. Bigland and Quon (1958) de- 
scribed eye lesions as a common occurrence 
in Arizona infections. They found a heavy, 
yellowish-white, cheesy exudate covering 
the retinae. Affected eyes became quite 
desiccated and failed to grow normally. 
Other lesions included distention of the 
gallbladder, caseation of the ceca, and 
liny lung abscesses. Hinshaw and McNeil 
(1946a) reported the recovery of Arizona 
organisms from adult turkeys, two of which 
had small, caseous mesenteric lesions and 
three had cystic ovules. 

Histological changes due to Arizona in- 
fection of chicks were observed by Perek 
(1957) as fatty degeneration of the liver 
and distinct capillary congestion of the 
kidneys. 

DIAGNOSIS 

Symptoms and lesions are of little value 
in differentiating Arizona infections from 
paratyphoid or pullorum disease. Findings 
on necropsy must be substantiated by re- 
covery and identification of the causative 
bacteria. In Arizona infections the organ- 
isms can usually be recovered from the 
liver, heart blood, lungs, kidneys, unab- 
sorbed yolk, and intestines. Bigland and 
Quon (1958) were able to readily isolate 
Arizona strains from the caseous material 
covering the retinae of affected eyes. They 
called attention to the need to differentiate 
this infection from that due to Aspergillur 
fumigatiu when eye involvement occurs. 

Cultural procedures identical to those 
for paratyphoid infections are emplo)cd. 
Moran (1959b) has reported procedures 
and media for the isolation and identifica- 
tion of Arizona strains from fresh speci- 
mens. The history of the outbreak, as well 
as the degree of infection indicated by cul- 
ture results, must be taken into considera- 
tion. Recovery of the organisms from the 
intestinal tract alone may be of little signifi- 
cance. Goetz and Quortrup (1953) used 
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ita cloacal swab and culture 
in an effort to detect earners 
organUms in adult turtey flocks whl* M 
suffered a severe outbreak as poults. 

suits were entirely negative. 

Ariiona organisms may be discardrf !u 
colilorms, and many probably are. Wh<m 
extended incubation is not practiced they 
may be classified as Salmonella strains on 
iniUal isolation. The mounting endena 
ol the pathogenicity tor towl o£ 
of the Aritona group indicates the nec^ 
sity lor studying this group of 
more closely. Typical reactions ol Arizona 
cultures on selected diagnostic 
listed in Table 9.3. Edwards and File 
(1961) described a lysine-iron agar tor t 
detection o£ Arizona strains that rapidly 
lerroent lactose. Salmonella and A^iona 
strains produce a distinctive reaction 
they regularly form lysine decarboxylaM 
rapidly and produce large amounts ol ny* 

drogen sulfide. Serological analysis of wl- 
tures is essential in epizootiological s u 
of Arizona infections of fowl. “ ^ a 


controls. Cessation of treatment resulted in 
SS^d losses. A favorable response was 
noted when the same 

ministered to both groups of bi^ for 3 
more days. When the survivors were tested 
with the agglutination lest 
no reactors were found. Goetz el nl. (1 ) 

reported that the use of vanous comb.na 
li^ of sulfonamides and antibiotics had 
little effect upon mortality from Arizona 
infections of poults. 

Harwood ('956). “ Ld on 

Pomeroy et al. (1958) have rep 

the use of furazolidone (nf-lbU) m luc 
ireaiment of Arizona „[ 

(. 956 ) describeti *e «penmen.al 

rcrlr^.ifornina,apteve«^^ 

Arizona infections- 

•hat 100 grams of the drug _,rt„,h 

S%rea.men.w._.>so_sugpned^ 


o£ Arizona intections oi . first 2 weeks of brooding as a preventive in 

ties for complete identification of .. poults from breeding flocks susp 

ganisms are not available, culture sh ^ving Arizona infections. 

le submitted to the U.fi.D.A/s Diagnos^ 7i,"5zo,idone may 


De suMnittea to me u-j-i-F-i-h- » — o . 
Services, National Animal Disease 
ratory. Box 70, Ames, Iowa, wbere the w- 

tures may be studied more close^ hi 

ically and typed antigenically. CoeU e • 
(1953) reported the use of a polyvalent 
antiserum in screening cultures that wer 
suspected to be Arizona strains. 

TREATMENT 

The use of chemical therapeuuc meas- 
ures may reduce losses in acute outbreaks 
of Arizona infections, and may be r«- 
ommended to prevent the spread ot 
disease in market flocks. Hinshaw an 
McNeil (1946a) in their study of at. 
7: 1,7,8 infection of turkeys repc^ed 

the administration of sulfamcrazine 
group of &Kiay-old poults that had suB 
a 12 per cent mortality previous to thu 
ueaiment. The drug was used at a dosage 
of 0.25 per cent in the mash for 3 ay^ 
Marked improvement was noted m 
treated group as compared to untreaie 


l”ierbirdz may remain 

of •>■9 uTot a "rm-tination 

has suggested ^be use o sulfonamide in 
ireatraent consisting . u^one in the 
the drinking water /“^“^“utbreaks of 
feed for treatment of severe oui 

the disease. found that fura- 

Pomeroy et al. (195») jOO 

iolidone fed to P°“^“ ^ .^^d the mor- 
grams or higher per ^.^ut 

Sty from poults 

when administered ^ ihe organ- 

were expenmenially exp h 
isms. The 200 gram P" ‘“"jf^ctive in rc- 
dnig was found to be mo e . 

dneing poult r'“';7J"tuSiving b'rf-- 
Arizona nolalions from ^r„c 

When the ton letel of the 

- ■-ogtampetton ^ 


wnen uic van.--— ^ ton level IFF F— 
expomte, the preventive effect 

drug was found to have i 
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on development of the disease. Goetz (196^ 
reported that intensive furazolidone treat- 
ment of laying turkeys infected with Ari- 
zona did not eliminate the presence of the 
organisms in the eggs of such turkeys. 

PREVENTION AND CONTROL 

Since Arizona infections of fowl arc 
transmitted in the same manner as para- 
typhoid infections, the control program 
for this disease is identical to tiiat for 
paratyphoid infection as outlined earlier 
in this chapter. 

Jamison (1956) found Arizona bacteria 
more resistant to formaldehyde fumigation 
than S. pulloTum. It was recommended that 
eggs suspected of carrying Arizona organ- 
isms should be fumigated with 3 times the 
amount of formalin-potassium permanga- 
nate mixture used to fumigate for pul- 
',orum disease, Fumigation should surt as 
soon as the eggs are set and the temper- 
ature and humidity are up to regular oper- 
ating levels. Eggs should never be fumi- 
pted between the 21ih and 9Cth hours of 
incubation. It was recommended that the 
eggs be fumipted again with the triple 
strength fumigant just before they arc 
transferred to the hatching trays. U con- 
tinuous fumigation is used, the regular 
level of tlie fumigant was suggested. 

Because of the large number of antigenic 
types of Arizona strains, any control pro- 


gram involving the use of the aggluti- 
nation test to detect infected adults must 
be based on the location and disposal of in- 
fected breeding flocks. Specific types of 
antigen must be prepared and used in each 
case. From the small percentage of re- 
actors to the agglutination test found by 
Hinshaw and AfcNeil (1946a), it would 
appear that the infection may be more 
easily shed than is pullorum disease. Goetz 
ct at. (1954) used an experimental plate 
agglutination antigen to test serum 
samples from turkey flocks infected ivith 
Arizona 7:1, 7,8. In one flock containing 
1,414 birds, 6 reactors were found, 5 of 
which yielded Arizona on culture. A retest 
of the flock I month later revealed no re- 
actors. Other flocks tested contained many 
reactors and were disposed of. Goetz 
(1962) described the use of a flagellar tube 
agglutination test for Arizona infection in 
California turkeys. Reference may be 
made to the section on Prevention and 
Control of paratyphoid infections for a dis- 
cussion of the California program for the 
control of Arizona infections in turkeys. 

The establishment of the Arizona as a 
group of considerable pathogenic import- 
ance for fowl suggests that all efforts aimed 
at the prevention and control of para- 
typhoid infections must also take into con- 
sideration these closely related organisms. 
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Fowl Typhoid 


Fowl typhoid is a septicemic disease oi 
domesticated birds. The course may 
acute or chronic The mortality may 
moderate or very high, depending 
on the virulence of the inciting ^*5®**** ’ 
SaimoneJIa gallinaTum. It appears to 
primarily a disease of chickens, but in e 
ceptional cases ducks, turkeys, 
peacocks, guineas, and a few other » 
are attacked. , 

History. In 1888 a chicken breeder in 
England lost 400 chickens as a result ot an 
infectious disease which was at first ro - 
sidered to be fowl cholera. Two hundrea 
of these birds died in the first two mon 
of the outbreak. Specimens 
Klein (1889) for necropsy and diagno^^ 
He reported it chiefly as an infectious 
teritis. The intestinal mucosa and ^ 
were inflamed, and the feces appeared 
and greenish yellow. The spleen was 
larged two to three times; the liver was 
somewhat enlarged, soft, flabby, jjg 


The cause was an organism 


Bacillus galliMrum. The same 
t rSed the disease among grouse, 

■SSiSJsssss 

L" Zte'ta vJmf^nrMS^land in 

in the blood. They cultivated. Chick- 

(1891) in France. ^.33 prob- 

(1905) described disease. The 

Uly identical with K spleen 

catarrhal enteritis ^.negative bacilli 

attracted ^rarnneg 

-LrmS^iKSnereaeUon. 
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Curtice (1902) studied the disease in 
Rhode Island and named it "fowl typhoid." 
Tlie disease has been found in Germany, 
Hungary, Austria, France. Holland, and 
North and South America, as well as in 
Algiers. In Germany it was observed by 
Pfeiler and Rehse (1913) Van Straaten 
and te Hennepe (1918) in Holland de- 
scribed the disease very fully. 

On the basis of the post-mortem observa- 
tion, Klein believed that it was not cholera, 
but a special disease. His suspicion was 
soon confirmed, because he ascertained 
that the newly discovered organism was dif- 
ferent morphologically and biologically 
from that of fowl cholera. 

Transmission. Like most other bacterial 
diseases, fowl typhoid is spread in several 
ways. Research on the transmission of fowl 
typhoid indicates that the infected bird, 
the reactor and carrier, is by far the most 
important means of perpetuating and 
spreading the disease. Such birds may in- 
fect not only their own generation but 
succeeding generations through egg trans- 
mission. 

Evidence of egg transmission of S. gal- 
linarum was reported by Beaudette (1925, 
1930), and by Beach and Davis (1927). 

Nobrega and Bueno (1942) cultured 
1,465 fresh, infertile eggs from 52 hens 
shown to be chronic carriers of fowl ty- 
phoid. These were reactors from three dif- 
ferent flocks where severe outbreaks of 
fowl typhoid among chicks had been expe- 
rienced. The incidence of S. galUnarvm in 
the eggs from the three lots of fowls was 
2.8, 0, and 1.73 per cent, respectively. 

Moore (1946a) recovered S. gaUtnarum 
from 8.9 per cent of 395 eggs cultured from 
a pen of 21 fowl typhoid reactors, some 
naturally and some artificially infected. 
He also conducted fowl typhoid transmis- 
sion experiments with flies, turkey buz- 
zards, rats, and also by mating and by air 
currents. No evidence was produced to in- 
dicate transmission of the disease by flies, 
by mating, or by air currents. Rats and 
turkey buzzards svere found capable of 
transmitting fowl typhoid Boney (1917) 
isolated S. gaUinarum from one turkey 


of 374 cultured from a flock of puiiorum 
reactors. 

Gordeuk et al. (1949) found that fowl 
typhoid is transmitted from artificially in- 
fected birds to normal fowls by cohabita- 
tion. The mortality among normal birds 
Was 60.9 per cent in one group and 45.8 
per cent in another. In other exposure trials 
by contamination of feed or drinking water 
with a broth culture of 5. galUnanim or 
tvith feces from fowl typhoid infected hens, 
mortality among normal pullets varied 
from 31.8 per cent to 69.6 per cent in four 
experiments with duplicate groups. 

After culturing over 10,000 eggs from 
two flocks, one naturally infected and one 
artificUliy infected. Hall et at. (1949a) 
found that 50 per cent of typhoid reactors 
laid infected eggs, and an average of 6 per 
cent of all unhatched eggs were infected 
with S. gatlinaTum. That these infected 
eggs laid by typhoid carriers are highly 
virulent and may be the means of starting 
new outbreaks of fowl typhoid in laying 
flocks IS indicated by six feeding trials in 
which 27 birds ranging in age from eight 
weeks to one year were fed one or more 
infected eggs mixed in their mash, with 
death resulting in all but six in an average 
period of ten days. These investigators 
so report that of 906 chicks hatched from 
these reactors 296, or 32.6 per cent, died 
of the disease during Che six months 
with the heaviest loss in the first month. 

Rao et al. (1952) recovered Salmonella 
gallinatum from 13 of 36 (56 per cent) eggs 
from a reactor flock. 

Jordan (1956a) recovered, by a single 
swab. Salmonella gaUinarum from the 
fresh feces of 4 of 13 birds acutely ill of 
fowl typhoid. Single cloacal swabs were 
positive in 15 of 47 (31.9 per cent) simile 
birds and ivere positive in blood cultures 
in 44 of 47 (93.6 per cent). A total of 377 
cloacal swabs were taken at intervals from 
36 reactors which had recovered from 
fowl typhoid 3 to 18 months previously, 
but only one bird was positive for S. galh" 
narum. 

Jordan (1956b) reported isolation of 
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Salmonella eMmmm Irom cggl la'J by 
rcacton lo ihc rapid blood test. 
From3ot23cgss (ISpcrrem) from 4 

itcoteted birds. . 

From IS oI 274 eSP ([^S 
Irom 10 bmi.. 

From none ot 217 egg* 
treated wiUi Clilotonurctiit. that bad re 
coscred Irom fowl typhoid. 

From 25 ol 22G eRSS (H ixf 
2 rccoteicd birds tltat received nitrotura- 

Both S. pullorum and S. goIliHanriit were 
isolated Irom dilterent egss Irom one bir^ 
Attendants. Iced dealers, cliiclen busea 
and visitors who travel Irom 
house and Irom larm lo latm may eat^ 
the inlection unless precautions arc take 
to dlunlecl lootucar. hands, and elotlting. 
TtueVa, CTates, and Iced sachs are 
porlant. Wild birds, animals, and th» 
may be Important meclianical *pt ’ 
especially il they have been 
ciaLet ol dead birds, or on oltal Irom 
packing planu or haichcrics. ^ . 

DUuibuiion. The aiseaic « 
in the poultry-producing areas 
try, but outbreaks arc sporadic. ® 

on facton Vfhicli arc not 


on lacion vrniai arc vw—r-- . • . 
ogniied at present. The disti* 
changes from )ear to >car and sea 
season, although the seasonal 
seems to be more marked in tlie nor 
than in the southern parts ol this 
In a nationwide sursey Moore { 
found fowl typhoid to be most . 

the eastern states. Nineteen states repo 
fowl uphold to be inaeasing during 
preceding five-year period. 
pccially noticeable in the Allan 
board states. The survey showed low 
all ages and breeds lo be suscep , 

eluding chickens, turkeys, and 
Moore also found fowl typhoid to 
prevalent in Delaware in the summe 
fall. TwentyKine states In the 
ported similar observations. Two s 
ported it to be more common m ' 

while eight states had not found . 

ease to be seasonal. Hall el ««- 
found that the curve of fowl typ 


leered erg production varied ditcclly with 

> stead. ■ ,, 523 ), p, France, 

past simaten (1921). 
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P°S".'lTThe'Su, alive agent ol fowl 
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’If S O^k Ou long and 1.5p in diameter. 
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TABLE 10.2 

Summary o? CHARAOTERisnc* or Variant* of SaJmoru/la puUtrum 
AND Salmonttla gjtaurum (Hdbiiaw, 1941) 
FermcDtation Reaction* 


Variant! 

Maltose 

Xylose 

> Dulciie 

Arabinose 

. Cyiteine- 
CeJatin 

1 Tartrate 
lAgarfJ-H) 

S. pullorum 

(Van Roekel) . 

AG* 

AG 

- 

AC 

_ 

- 

S pullorum 

(9 CaUf, cult.) 

AG* 

AG 

_ 

{ or AG 



S. tnlerinediui A- 
type (4 cult.) . . . 

{or AG 

_ 

AG 

' AG 



.7 inlermidius B- 
type (2tuh.).. . 

A 

_ 

A 

A 

_ 

- 

S. gallmarum 
(Kujiumgieff) 

A 

- 

-. 

A 

_ 

A 

S. Mlliiuirva . 

(Barboni).. I 

_ 

A 1 

A 


_ 

A 

S. gaUtnarum 
(Van Roekel) 

_ 

A 

A 

A 

T 

A 

S. gaUtnarum 

jPuitburg) (2 cult)... 

A 

torA 

A 

A 

_ 



AG«a«d and gai, A— acid, {-variable or alow reaction; T—yellowi»h-white or erayiih tur- 
lity in media. ' ^ ' 

* No maltoie (ermenting iiraint were iiolated in Kansaa. 


is stronger with S. pullorum than with 5. 
gaiJtnantm, and KUmmer and Haupt 
(]927) state that the reverse Is true. 
Pacheco and Rodrigues studied the reac- 
tions on a variety of media with lead ace- 
tate, bismuth with and without cysteine, 
iron salts, and a peptone gelatin. S. pul- 
loTUm produced H 2 S rapidly on agar with 
lead and bismuth, both with and without 
cysteine, and slowly on the other media. 

Hinshaw ^941) was able to separate 
the two species by use of a 0.15 per cent 
cysteine hydrochloride gelatin medium. 
Salmonella gallmarum in 89 of 9l strains 
produced a characteristic yellowish-white 
or grayish turbidity when incubated at 
S7‘’ C. for 72 hours. S. pullorum did not 
produce such changes. Several maltose- 
fermenting variants of S. pullorum have 
been observed among those studied. None 
of these gave a positive reaction either in 
the cysteine-gelatin medium or in tartrate 
agar. He concludes that although many 


variants exist, there is increasing evidence 
that these oiganisms are a distinct species. 

Hinshaw reports that H 2 S can be dem- 
onstrated readily in cultures of S. galli- 
narum growing in cysteine-gelatin by its 
faint odor and by use of strips of lead 
acetate paper. Only a faint browning of 
such paper is noted in 5. pullorum cul- 
tures grown in this medium. 

Table 10.2 contains a summary of the 
characteristics of variants of S. pullorum 
and S. gaih'nanim. 

It is stated that there are probably sev- 
eral subspecies in the pullorum-gallinarum 
group. The Van Roekel maltose-fennent- 
ing strain gave reactions identical with 
those of the California maltose-fermenting 
strains. These strains differ from the Sal- 
monella intemcdjuj A-type strains in that 
the latter are xylose-negative and dulcite- 
positive. The 5. intermedins B-types were 
sensitive to S. pullorum bacteriophage and 
were considered by Nobrega (1935) as 



variant* o£ the latter j 

Sl't“^es‘ractelJ'ttfs!V»'”“™™ 

Jinarum of Van Roekel w nosilive 

on the ground that it 

S. goIlinoruTti reaction m | , ’ 

addin tartrate agar, and «a,dulc.tol-pot 

“ The dulcitol.negative S 
Kujinnrgieli differ* Irom that o£ ^PY 
Raitegar’s (1938) typo B. tn that the latter 
is duldtol-positive and tartrate- g 
The Duisburg strains of S. g 
ate like S. pulhnim m that ‘'ley 

ferment “5“' They Ssemble 

reaction m cysteitie-gelatm. I y 
S. gallinartim in the type o£ giowu 
nutrient agar, and in being ^ nearly 
duleitol-positive. They are more nea y 
like the S. inlermedins type D 
Johnson and Reitger (19^2) 
baial nutrition of S- " ids and 

fullomm with sixteen ammo aciy 
fhiogl, colic acid, WiU. the P“°" eid 
two strains whicli required jjj 

or its amide, 43 strains P ehamin 
not require any vitamins, ,b!e for 

B, proved to Be higlriy .n>lhP=-fJ;„‘„, 

the growth of 22 strains of • g — ouired 
Nearly all strains of S. pul oru 

glucos’e while sf "“'Tar Vequ W the 
of the strains of the forme H 
addition of CO„ '-Bile seve^ 
required an “PP'^^le j^pcant 

growth. Leucine was the m „„t 

single amino acid; tryptop i 

rcquirctl. rt.tiural 

Although diere are certain cu ^ 
physiological differences serological 

iinanim and S. pullorum, iJentical. 

and antigenic characters a 
Some European infection 

opinion that chronics, puf , of th® 

and (owl typhoid '"rgenerally 

utne disease. This opinion „ j. and 

held in Uic Uniteil Slates. Rc ^ 

Koser (1917) concluded as eristics 

ihal despite the sescral . ^^nion. 
»luch these organisms lU'C 
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and P““.‘^”’^„‘'’hufe™iTSsrina types, 

Uie otgamsms relationship to 

:Je'S"BMci. it has been as- 

^‘t^a^dS;B=auaetm.Had.yJ_«iu 

P"- "t'^nd AC r pSonL on the 
agglutioation reactions but 
basis of the gg ^ applying the 

have not succccuw organisms 

absorption method, b ij 

proved to Be urn and 5. pul- 

,954) states that 4. £ O-antigen, 

lorum strains conta ^ Edwards 

This has been eonlnmed by 
(1939) in is not imptob- 

vcstigators considc puijonitn 

'aSe'tha. 5. 8«'Ss „£ "ne mfaoorgan- 

'srTee"'^ 

pulioTum disease^ ^1930) svcrc 

Rodrigues n.jgcnic difference 

unable to dctcc Y f» intcroicdl- 
between S. appear to doubt 

ate types. d^ffcteniiate be- 

that It . .f (owl typhoid and 

tween the American investi- 

pullorurtv organisms arc sotnc- 

gaiors agree (cnncnialion rwe- 

what different intrical changes which 

lions and rise bWx^be ag- 

they i,i not differentiate be- 

glutmaiion ■'“ " , po of inleeiion. 

tween camera of ciu yi 

Hinshaw (1911) "" ^ 0.15 iwr 

u,e two organisms J ^ gelatin roc- 
cent '^““'"■‘'ydrodriu 
dium first reported > ^ tempera- 

get (1930). Abet '"“B*"”' gelatin, a 
lure that docs und the indhvd- 

turbid halo ®Pf^. . cultures and along 

ual colonies m shake cultures. 

the line of *° ^f S. puUotum on- 

Sone of the fSf * .{jiblc cliange in d'c 
sistently “rsurfacc l>cllide 
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and 3 strains of S. analum. A few cultures 
of Pseudomonas and Proteus from turkeys 
gave these reactions. 

The Jordan-Harmon sodium-potassium- 
tartrate medium (1928) was a valuable 
supplementary medium to use with the 
cysteine-gelatin. The S. gallinarum strains 
consistently produced acid on this medium 
while S. pullorum produced no change. 

Blaxland et al. (1956) made a study of 
the differential characteristics of 1,007 cul- 
tures of Salmonella pullorum and 618 cul- 
tures of Salmonella gallinarum, based on 
growth characteristics, biochemical reac- 
tions, and the absence of form variation in 
S. gallinarum. These differences are related 
to the distinctive epizootiology of acute 
outbreaks of pullorum diseases and fowl 
typhoid as occurring in the field. 

It is considered tliat the resulu, taken 
in conjunction with the work of earlier 
investigators, provide conclusive evidence 
that 5. pullorum and S. gallinarum arc 
separate and distinct species. 

Williams and Harris (1956) compared 
41 strains of Salmonella geffinarurn and 23 
strains of Salmonella pullorum by the 
sedimentation test, using ammonium sul- 
fate, and found that an ammonium sulfate 
concentration of 265 grams per liter com- 
pletely cleared the supernatant fluids of 
most S. gallinarum suspensions but had 
considerably less effect on the turbidity of 
suspensions of standard cultures of 5. 
pullorum. These observations surest that 
there may exist minor antigenic differences 
between S. gallinarum and standard strains 
of S. pullorum that are not demonstrable 
by conventional serological methods. 

Goret et al. (1956) discuss the similarities 
of Salmonella gallinarum and Salmonella 
pullorum Usually the term "fowl 
typhoid” is used to describe a disease of 
adult chickens due to Salmonella galli- 
narum. ‘'Pullorum disease" is used to de- 
scribe a septicemia of embryos and chicks 
due to Salmonella pullorum. This distinc- 
tion is erroneous. Septicemic conditions 
may be produced by either organism and 
chronic typhoid lesions are produced by 
gallinarum and pullorum types. When S. 


gallinarum and S. pullorum are studied 
serologically, it is found that both have 
identical serological antigens. All strains 
contain the 1, IX, and XH antigens; none 
of the strains contain XI Ij antigen. Both 
organisms show considerable variation in 
fermentative reactions— S. gallinarum may 
be grouped Into seven distinct classes and 
S. pullorum into nine classes. Lysogenic 
studies show that both organisms are iden- 
tical in their phage reactions. Salmonella 
gallinarum and S. pullorum should be 
considered as one species— Sa/moneffa gal- 
Ihiarum-pullorum. 

Ishii et al. (1958) examined 225 non- 
motile strains of Salmonella Group D iso- 
lated from cliickcns, and found that if 
Salmonella pullorum and S. gallinarum 
were considered as two distinct types, then 
the characteristics differentiating them 
seemed inconsistent and variable. The 
epizooiiological distinction between the 
two organisms emphasired by earlier work- 
ers was not confirmed. It was furtlter con- 
sidered that too frequent occurrence of 
interrelated cultures Uireatencd the sig- 
nificance dividing the organisms into two 
types. 

It was also stated iliat it is against the 
rule of classification of enteric bacteria to 
divide die organisms into two types by 
biochemical methods. Therefore, it was 
recommended, as stated by Kauffmann, 
Uiat the organisms be classified into a 
single type, "S. gallinarum-pullorum,” and 
that U\e conventional classification be re- 
garded as biotypes widiout special names. 

Trabulsi and Edwards (1962) studied 
the biochemical diaracteristics of Salmo- 
nella pullorum and Salmonella gallinarum, 
as well as those of several aberrant cul- 
tures of Salmonella Group D. In addition 
to the tests usually used to differentiate 
S. pullorum and S. gallinarum, the 
cysteine-gelatin medium of Hinshaw and 
the ornithine decarboxylase test were 
found valuable in distinguishing the two 
types. It was concluded that S. pullorum 
and S. gallinarum constitute two distinct 
biochemical types which should not be 
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TVHctelle (1919, 1922) examined the ex- 
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feces from infected chickens was 10.9 days 
when kept in a range house and 2 days less 
in the open. Survival time was longer in 
naturally dried specimens than in those 
kept moisL 

Pathogenicity. The pathogenicity of 
fowl typhoid cultures has proved decidedly 
variable in the hands of different investiga- 
tors, probably for the reason that they used 
cultures varying widely in virulence. Like 
most pathogenic microorganisms S. gal- 
linarum loses virulence rapidly on artificial 
media. Hence, cultures of S. galUnamm 
should be passaged serially in their natural 
host, the chicken, before testing the path- 
ogenicity of the organism. The pathoge- 
nicity of such cultures is best maintained 
in the lyophilized or frozen state. With a 
unifonniy pathogenic ccrifure, most com- 
monly used routes of exposure of chickens 
prose fatal. Kaupp and Dearstyne (1925) 
reported 16 deaths out of 40 chickens ar- 
tihdally infected; 15 became visibly sick, 
and 9 showed no symptoms. Similar re- 
sults were reported at the Kansas Station, 
tvhereas others report from 25 to 90 per 
cent loss. 

Palmer and Baker (1928) studied six 
natural outbreaks of fowl typhoid on Dela- 
ware farms. Virulent strains from these 
outbreaks killed not over 33.3 per cent of 
the test fowls, and the investigators con- 
cluded that 60 to 70 per cent of fowls are 
naturally immune. Hall, Legenhausen, 
and MacDonald found that feeding mash 
moistened with a broth culture of a stable 
virulent strain of S. gallinaTum was an 
effective way of testing susceptibility to 
fowl typhoid. Of 20 groups of birds, ag- 
gregating 382, which were challenged by 
adding a broth culture of virulent strains 
of S. gallinarum to their mash, 367, or 96 
per cent, died of fowl typhoid. 

Although fowl typhoid frequently has 
been spoken of as a disease of adult birds, 
Beaudette (1925), Beach and Davis (1927), 
Martinaglia (1929), and Komarov (1932) re- 
ported the disease in young chicks. Moore 
(1946b), in a nationwide survey of fowl 
typhoid, reported that 11 states found the 


disease to be more common in birds under 
six months, 16 believed the disease to be 
more prevalent in older fowl, while 10 
states reported that there was little differ- 
ence in age susceptibility. Hall et al. 
(1949a) reported that in 25 hatches from 
typhoid reactors in their second year of lay, 
about every fourth hatch experienced a 
fowl typhoid outbreak and losses up to six 
months of age amounted to 33.4 per cent of 
tlie chicks hatched. Monthly distribution of 
mortality was as follows: 

Month Per Cent 

\ 25.6 

2 13.5 

3 24.9 

4 19.2 

5 13.8 

6 2.7 

As in pullorum disease, fowl typhoid 
losses often begin at hatching time; but 
contrary to experience with pullorum dis- 
ease, fowl typhoid losses continued 
through to laying age. In one experiment 
in which two lots of chicks were hatched 
from fowl typhoid reactors, 92.6 per cent 
of the chicks hatched in one lot died with- 
in I6 days and in another lot 93.5 per cent 
died within 1 1 days after hatching. 

Epizooliologically there are a few pe- 
culiarities in regard to the disease. Van 
HceUbergen (1929) states that according 
to his experience it is very difficult, in 
some cases at least, to infect chickens which 
come from a region to which fowl typhoid 
is indigenous. If chickens are imported 
front a part of the country where the dis- 
ease is not known, infection is rather easy. 
It is suggested that the bacteriophage, or 
acquired immunity, is probably in part 
responsible. 

St. Johns-Brooks and Rhodes (1923) 
found that strains of S. gallinarum pro- 
duced lesions in young chicks indistin- 
guishable from those associated with pul- 
lorum disease. 

A relatively small number of avian 
species appear to be susceptible. Lucet 
(1891) described what was probably an 



outbreak ol the disease in turkeys bat 
claimed that ducks, geese, and ptgeom 
were not susceptible. Donatien el ol- 
{19231 consider palmipeds to be refractory, 
but found the turkey, guinea fowl, and 
peafowl among the susceptible species, 
ducks and geese were resistant. Pteiler and 
Roepke (1917) mention the 
turkey, and guinea fowl as susceptible in 
natural outbreaks, but that ducks, gaese. 
and pigeons are not, although a uc 
which had been inoculated with a culture 
died a few days later. Kaupp 
slyne (1924), Beck and Eber (1929). and 

teHennepe (1924) have observed the dis- 
ease in ducks. Kaupp and Dearstyne 
(1925) state that turkeys are less 
tible than chickens, and that gum , 
though slightly susceptible, yield to arti- 
ficial inoculation. Fox (1925) ISO at^ B. 
. . . . __ n( disease 
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turkeys, and states that it has been report- 
ed in peacocks but has never been seen m 
Sgeom, geese, or ducks. A vaccine was 

used to contcr immunity. 

The reports on the susceptibility of pi- 
econs ban been variable. Rlem reported 
L success lollosving subcutaneous injcc- 
SonTcnltures. Lucet (1891) was unable 
“infect pigeons wi* 1.0 ce. toes ™b^ 
cuaneonsly, while ('f 5) “ “ 

pigeons within 8 days ^.O cc. ot a 

Troth culture. Pfeder and 


naai inoculation, xva --- 
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logical Garden. Beck and Eber 0^^ ) . 
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lion has been observed in wild bir , i 
quail, grouse, and pheasants. These^ i 
are susceptible by feeding or injection o 
cultures. Te Hennepe (1939) a 

fowl typhoid has decreased in the Ne 
lands during the past ten years from a 
point at which it caused some 8.0 per cen 
of the total deaths in adult birds to . 
per cent in 1939. This is considered to oe 
due to greater interest in poultry mseases 
and improved care of poultry. The ^case 
Was at one time one of the most 
tant in Kansas. About 1935 it pracucauy 
disappeared and is still quite 
The reason for this is not knosvn. 

(1939), in Egypt, states that fowl typhoid 
is often misuken for fowl cholera. He 
ports the disease mainly in chickens ana 
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peritonitis. The organism was not found 
in the stools. However, this organism 
should not be considered a human patho- 
gen. 

It is not difficult to infect rabbits with 
fowl typhoid badlli. Pfeiler (1920) suc- 
ceeded in inducing infection four limes in 
15 rabbits. Guinea pigs and pigeons are 
very resistant, although, as has been ob- 
served repeatedly, pigeons die if the dosage 
is somewhat large. Van Straaien, te Hen- 
nepc, and Pfeiler were quite successful in 
infecting white and gray mice, while rats, 
dogs, and cals were shown to be immune. 
A relatively small number of avian species 
appear to be susceptible, although there 
is a difference of opinion as to the inci- 
dence of this disease. Hinshaw and Taylor 
(1933) inoculated two mature rabbits in- 
travenously with 0.5 and l.O cc., respec- 
tively, of a 48-hour broth culture; the 
animals lived. The one receiving 1.0 cc 
was killed lliree weeks later, and the blood 
was found infectious for young rabbits. 
Smith and Ten Broeck (1915) stated that 
llie pathogenicity of S. gallinarum was 
relatively feeble for laboratory animals. 
The rabbit succumbed to relatively large 
doses (O.S-0.5 cc.) of a 24-hour broth cul- 
ture given intravenously. Pfeiler and 
Rehse (1913) slate that pigeons, geese, and 
ducks are resistant to the infection, but 
mice succumb. Rats, cats, and dogs (ail 
to show any disturbance after eating dis- 
eased material. 

Smith and Ten Broeck found a toxin in 
the filtrates of broth cultures of S. ga/fi- 
nawm. It appeared in the culture at the 
end of 2 days at 37^ C and caused prompt 
death of a rabbit by the intravenous route. 
Death resulted within 2 hours and in many 
rcspecu was like an anaphylactic shock. 
It is probably an endotoxin which is stable 
at 60” C. for 1 hour. Boiling for 15 min- 
utes reduces its activity. 

Rao et al. (1952) reported Salmonella 
gallinamm to be equally pathogenic to 
baby chicks and adults under natural con- 
ditions. 

They all reported their organism to be 
fatal to pigeons, guinea pigs, and rabbits. 


Smith (1955b) reported that immunity 
appeared to be solid when massive doses 
of Salmonella gallinarum were admini- 
stered either orally or intravenously to 
clinically recovered chickens. 

One-day-old chickens were most suscept- 
ible. This was followed by a decrease in 
susceptibility until maturity when it again 
increased. There was no difference in sus- 
ceptibility due to sex. 

Van Es and Olney (1940) exposed fowls 
to artificial infection and observed that 
the losses were variable and that the birds 
which contracted the disease showed a 
considerable degree of variation in the 
length of their survival. This difference 
was probably due to individual variation 
in susceptibility. 

Symptoms. The incubation period, as a 
rule, is from 4 to 5 days, although this 
varies considerably with the virulence of 
the organism, and tire course of the disease 
is about 5 days. 

Comb and wattles are generally pale and 
shrunken, especially in the subacute cases. 
In acute cases, however, the comb and 
wattles may be dark colored, as in fowl 
cholera. The birds become listless and in- 
active and prefer to separate from the 
flock. A thin greenish-yellow diarrhea ap- 
pears early; there is complete loss of ap- 
petite; intense thirst as in fowl cholera is 
common, presumably as the result of high 
fever. Investigations at the Kansas Station 
would indicate that there is no difference 
in titc temperature range of fowl cholera 
and fowl typhoid; temperatures of 110® to 
112®F. are common. Respiration is at first 
accelerated. In some cases deatli occurs 
suddenly at the end of the second day. 
Comb and wattles appear anemic instead 
of c)’anotic as in fowl cholera. The anemic 
condition becomes pronounced in pro- 
longed cases. Mortality is variable. In 
acute outbreaks losses may be heavy in llie 
beginning, followed by a tapering off to 
an occasional death in the chronic stage. 
Fowls visibly sick generally do not survive. 

Pathology. In peracute cases little or no 
gross tissue cliangcs arc observed. In the 
more prolonged cases, however, marked 
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FIG 10.1 — Subacute fowl 
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TABLE 10.3 

Chai^c&s of the Blood Wrm Fowl. Tvfhoid (Ward and Gallaoher, 1920) 


Date 

Temperature 

Id C. 

Number of 
Bed Blood 
Corpuscles 
Per cm. 

1 Number 

1 Wlute Blood 
Corpuscles 
Per cm. 



1 At.S 

3,535.000 

10.940 

Healthy 


43.5 

2.430,000 

70,000 

Chicken eats very little 


J 43.8 

1,684,210 

80,000 

Blood very pale; chicken weak, 


41 3 

1,745,000 

245,000 1 

1 

refuses food 

Very weak, very many red 

Apn! 4. . • . 


blood corpuscles attacked 
by leucocytes 

Found dead 


fo'vl typhoid from focal lesions in the 
testicles of a rooster. The culture was 
pathogenic for other roosters by inocu- 
lation and feeding. Although various foci 
had been described, this was the first case 
desaibed Cor focalization in the testicles. 

Beaudettc (19S8) states that the disease 
in the guinea is interesting because the 
affected birds show respiratory symptoms 
characterized by a severe congestion with 
collection of mucus in the nasal cleft and 
trachea. The lungs were congested, and 
the organism could be isolated from the 
nasal exudate. 

Johnson and Pollard (1940) studied an 
outbreak of disease whi<^ resembled pul- 
lorura disease in weck-old turkey poults. 
The necropsy revealed a large retained 
yolk, and the liver appeared somewhat 
friable and of creamy-white color. The 
surface was mottled with slight hemor- 
rhagic areas. A slight congestion of the 
anterior portion of the duodenum was 
found. The organism isolated was a Gram- 
negative rod producing acid but no gas 
from dextrose, mannite, dulcite, xylose, 
sorbite, arabinose, maltose, levulose, and 
dextrin, but did not react with lactose, 
sucrose, or inositol. Serologically the 
organisms checked with S, galUnarum. 
This organism svas isolated from the 
ovaries of the adult birds that supplied 
the poults. It appeared to be a very 
chronic disease in Uiese birds. By testing 
at frequent intervals with a pullorum 
antigen the percentage of reactors in the 


flock was reduced from 8.7 to 6.0 per cent. 
However, it was considered as doubtful if 
the Infection could be completely elimi- 
nated in this manner. 

Rao et al. (1952) reported the presence 
of a band of hemorrhage in the submucosa 
of the proventriculus, and cyanotic instead 
of anemic comb and wattles in the adult. 

Smith (1955b) produced fowl typhoid 
in chickens by the oral administration of 
Salmonella gallinoTum. Infection took 
place in the intestinal tract with locali- 
ration in the intestinal wall, liver, and 
spleen. This was followed by a bacteremia 
and death or chronic disease rvith pro- 
liferative lesions in the intestinal and heart 
walls. Of 300 nine-week-old cockerels, 45 
per cent died of the acute disease and 15 
per cent died in the chronic stage. S. galli- 
narum was shed in the feces up to two to 
three months after infection. This was 
assoriated with focal infection in the in- 
testinal wall. 

Diagnosis. In general it is not difficult 
to diagnose fowl typhoid clinically. The 
disease U not as acute as fowl cholera, 
monocytosis (pullet disease), or fowl 
plague. In these latter diseases, as many 
birds are sometimes lost in a few hours as 
are lost with fowl typhoid in as many days. 
On necropsy the differences exhibited by 
these diseases are generally quite evident. 
The marked swelling of the liver in fowl 
typhoid is not found in fowl cholera and 
fowl plague, and the general hemorrhagic 
character of ihe last two diseases is more 
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of cultural examination of reactors for fowl 
typhoid recommended the use of an en* 
richment medium such as selenite. Into 20 
cc. of this enrichment broth a one gram 
portion of the organ to be cultured is 
dropped. After 24 hours incubation the 
culture is plated on SS agar and bismuth 
sulfite agar. The use of tctrathionate 
broth, with brilliant green as an enrich- 
ment medium and MacConkey’s agar, des- 
oxycholate, and D.C.L.S. as a selective 
medium, is optional. Identification is 
made by the use of dextrose, lactose, 
sucrose, and maltose, the first and last of 
which are fermented. Reactors are further 
identiSed by the indol test and urease ac- 
tivity. 

The agglutination test, using antigen 
made from S. ga/li'narum or S. pullorum, 
can be used to detect the birds infected 
with S. galUnarum. 

METHODS OP CONTROL 

In the control of infectious diseases of 
poultry, several procedures are available, 
including prevention (immunization, sani- 
tation, and breeding for resistance), treat- 
ment, and eradication (elimination of 
carriers and depopulation). The pro- 
cedure to employ depends on the type of 
disease being dealt with and the type of 
poultry industry in which it is found. 
Most well-established virus diseases at« 
best controlled through vaccination. On 
the other hand, most bacterial diseases 
respond poorly to vaccination, but some 
of them can be controlled by detection 
and elimination of carriers. The latter 
procedure is highly recommended for the 
control of fowl typhoid. 

Van Roekel (1962) discusses additional 
measures required for the eradication of 
pullorum-typhoid infections, and cites the 
following procedures which were adopted 
and recommended in 1960 by the Amer- 
ican Association of Avian Pathologists as 
a guide for a basic eradication pre^ram: 

1. The basic principles for identification 
of a U.S. pullorum-typhoid-clean Sock 
under the National Plans are acceptable 


as the starting point for an eradication 
program, 

2. A federal regulation should be adopt- 
ed to control the interstate movement of 
poultry from the standpoint of pullorum 
disease and fowl typhoid. If this does not 
receive adequate support, then each state 
should develop its own state regulation 
controlling the importation of hatching 
eggs and poultry from the standpoint of 
pullorum disease and fowl typhoid. 

3. All turkey and chicken breeding 
flocks as well as other fowl in the state 
should be under a pullorum-typhoid con- 
trol program and should be classified as 
U.S. pullorum-typhoid-clean or the equiva- 
lent. 

4. All outbreaks of pullorum disease 
and fowl typhoid should be reported to 
the proper state agency with regulatory 
power, such Hocks should be quarantined, 
and the marketing of sudi flocks should 
be in a plant under slate or federal super- 
vision. Other types of Salmonella and 
Arizona infections should be reported to 
the proper state agency. 

5. Poultry consigned to public exhibi- 
tions such as county and state fairs and 
poultry shows should originate from U.S. 
pullorum-typhoid-clean flocks or the equiv- 
alent. 

6. A state or area may be designated as 
pullorum-typhoid-free if all turkey and 
chicken breeding flocks are classified as 
U.S. pullorum-typhoid-clean or the equiv- 
alent and no flocks are under quarantine 
in the area. 

Wilson (1958) reports an increased inci- 
dence and wider distribution of fowl 
typhoid in recent years. Control measures 
consist of prompt diagnosis, immediate 
therapeutic treatment with furazolidone 
0.04 per cent for 10-12 days, and removal 
to fresh quarters preferably followed by 
another course of treatment and the use 
of the agglutination test to detect carriers. 
An effective preventive vaccine is not at 
present available, but one now under test 
has shown promise. 

Machan (1959) from twenty years’ ex- 
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destructive fowl typhoid epitootics 
as that which swept the eastern ‘"toard 
in the 1910’s including pullorum-clcan 
nocks. 

Prevention 
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of all birds showing symptoms of the dis- 
ease; disinfection of houses, utensils, and 
drinking water; and the vaccination of all 
well birds. 

Coles (1946) recommends for preven- 
tion two vaccinations a week apart, each 
consisting of a 1 cc subcutaneous injection. 
Immunity takes 12 to 14 days to develop 
and lasts about 9 months. He states that 
successful eradication of forvl typhoid de- 
pends on a combination of: 

1. Hygiene, i.e., clean houses, uncon- 
taminated food and water, and 
proper disposal of feces. 

2. Vaccination — failures of vaccination 
are said to be due to neglect of the 
necessary hygienic measures. 

Wilson (1946) found killed culture vac- 
cines ineffective in protecting against ant- 
fidal exposure to S. gallinarum. This was 
true of both autogenous and stock vaccines. 
However, when a dose of autogenous vac- 
cine was followed by a dose of live culture, 
a solid and lasting immunity was pro- 
duced, but this procedure was not recom- 
mended. 

Hall et al. (1949b) reported experi- 
ments on the use of bacterial vaccines in 
fowl typhoid. Vaednes were prepared by 
killing cultures of S. galUnarum with for- 
malin, phenol, chloroform, brilliant green, 
and crystal violet. All except the crystal 
violet vaednes were suspended in beeswax 
and peanut oil. Injections were made sub- 
cutaneously, intraperitoneally, intramus- 
cularly, and into the crop. No significant 
protection was observed after the vacd- 
nated birds had been exposed to infection 
two to four weeks later. 

Smith (1956) reports that a good im- 
munity was produced in chickens against 
oral infection with Salmonella gallinarum 
by the use of either a smooth (9S) or 
rough (9R) attenuated vaedne. Killed 
vaednes had no effect. The immunity pro- 
duced by the rough strain was limited to 
about 12 weeks, while that produced by 
the smooth strain was complete to at 
least 34 weeks. 

The rough strain vaedne, 9R, did not 


produce agglutinins against smooth S. gal- 
linarum in chickens. It was not lethal to 
one-day-old chicks, and did not cause a 
fall in egg production in laying hens. On 
the other hand, the smooth strain, 9S, pro- 
duced agglutinins, killed one-day-old 
chicks, and was accompanied by a marked 
drop in egg production. 

Gordon et al. (1959) submit evidence 
confirming the efficiency of attenuated live 
vaccines of Salmonella gallinaTum 9S and 
9R in conferring immunity against fowl 
typhoid. 

There was no difference in susceptibility 
to, nor in response to, either vaccine 
among the four breeds tested. 

Vaccination at 8 weeks of age produces 
an appreciably better immunity than at 
4 weeks of age. 

The use of vaccine 9R in the field ap- 
pears justified in that it confers an appreci- 
able degree of immunity without serious- 
ly interfering with the routine blood test 
for carriers of Salmonella pullorum and, 
in addition to possessing a low level of 
virulence for chicks, its tranmission 
through the egg from vaccinated laying 
birds appears to be almost negligible. 

The aviruicnt smooth strain 9S provided 
the belter immunity but has the disadvan- 
tage of interfering with the blood test. 

Cordon and Luke (1959) confinned the 
value of the 9R vaccine in the control of 
fowl typhoid in Northern Ireland. In two 
breeding flocks blood agglutinins devel- 
oped to the extent of 6.12 per cent and 
5.83 per cent respectively. 

The Vaccinal strain was isolated 11 
months after vaccination and there was 
presumptive evidence that vaccination of 
adult birds with the rough strain may in- 
duce pathological changes in the ovary in 
some birds. 

Harbourne (1957) conducted field trials 
to assess tlie value of two live attenuated 
vaccines, one a rough strain of Salmonella 
gallinarum (9R) and one a smooth strain 
(9S) as a means of preventing and control- 
ling fosvl typhoid. 

Preventive vaccinations were performed 
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Puddles and pools must be eliminated. 
Pigeons, mice, and rats are to be kept away 
from ' the premises. If there are several 
chicken houses to be served by the same 
attendant, a mat dipped in disinfectant 
may be placed so that shoes are cleaned 
before entering each house. 

Botts et al. (1952), investigating the bac- 
tericidal effect of old built-up litter com- 
pared with new cob litter, found that when 
six-week-old chicks were placed on the lit- 
ters 48 hours after they were sprayed with 
S. gallinarum, the mortality was lower on 
old built-up litter than on new cob litter. 

3. Increasing resistance by breeding and 
by dieL Breeding and selection for resist- 
ant strains of birds may be an important 
means of control. Lambert (193$) showed 
that selection for resistance to fowl typhoid 
in chickens resulted in a decided deaease 
in the mortality of selected stocks. Since 
S. gallinarum and S. pullorum are closely 
related organisms, it was decided to test 
fowl typhoid resistant stock for suscep- 
tibility to S. pulloTum infection, and an S. 
pullorum stock for susceptibility to S. gal- 
linarurn. Results indicated that selection 
for resistance to one pathogen affords some 
protection to infection with one closely re- 
lated. It was suggested that the resistance 
was to some extent due to nonspecific fac- 
tors. 

Garren and Hill (1959) made a^luii 
nating antibody determinations for White 
Leghorns, Rhode Island Reds, and White 
Leghorn-Rhode Island Red crosses after 
inoculation with live and killed Salmonella 
gallinarum cultures (fowl typhoid). %Vhite 
Leghorns consistently developed lower an- 
tibody titers than Rhode Island Reds 
whether induced by infection or by bac- 
terin. Leghorn-Red crosses were inter- 
mediate bet^veen the tsvo breeds in anti- 
body titers but possessed almost the same 
marked resistance to fowl typhoid as ob- 
served for the Leghorn. 

Smith (1954) found that different in- 
fection rates were observed when different 
foods containing similar numbers of Sal- 
monella gallinarum were fed to chickens. 


The main reason for this was that certain 
jnoperties of some of the foods liad a pro- 
found influence on the bactericidal action 
of the gastric juice in the gizzard. One of 
these properties was physical consistency, 
and another was the ability to maintain a 
relatively high pH in the gizzard. A diet 
of whole wheat only was especially effective 
in lowering the pH of the gastric juice 
with consequent destruction of S. galli- 
narum and a decrease in the infection rate. 
It is suggested that when a natural out- 
break is diagnosed in a flock it would be 
worthwhile to alter the diet to whole 
wheat only until it is possible to institute 
other methods of control. 

Hill and Garren (1955) demonstrated 
that high levels of all known required 
vitamins increase the resistance of chicks 
to fowl typhoid. The enhanced resistance 
observed when high levels of vitamins arc 
fed is apparently not due to a uniform in- 
crease in requirements for all vitamins. 
Some vitamins must be increased over the 
requirement for growth many times more 
than others in order to bring about in- 
creased resistance to typhoid. In addition 
to the essential vitamins at high levels, 
an antioxidant is required in the diet in 
order to inaease resistance of the cliick to 
fowl typhoid. It was also found that it is 
possible to oversupplement the diet with 
vitamins insofar as obtaining maximum 
resistance to oral inoculation of the Sal- 
monella organism. The exact mechanism 
of all the phenomena observed in these 
studies is not known. 

Hill and Garren (1958) showed that the 
plasma ascorbic acid levels of chicks with 
fowl typhoid were reduced. Supplemen- 
tation of the diet with 0.1 per cent ascor- 
bic acid resulted in an increased plasma 
ascorbic acid level at all times throughout 
the experimental period. 

From the sixth to the ninth day, the 
period of heaviest mortality, the plasma 
ascorbic acid level of the basal-fed group 
was unchanged, while that of the supple- 
mented group increased significantly. 
During this time, 20 per cent of the basal- 
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fed group died, while only 11,2 per cent 
of the supplemented group di^. This 
difference was statistically significant 
(X2=4.620, P .05). 

Chubb et al. (1958) testing the effect of 
feeding high levels of vitamins on the sus- 
ceptibility of 3 breeds of chickens to ex- 
perimental Salmonella gallinarum infection 
found that the administration of high leveb 
of all the required vitamins in the diet for 
four weeks prior to infection or at infection 
had no effect on the average survival time 
or total mortality in 8-week-old Rhode Is- 
land Red or Brown Leghorn chickens. 
Neither did separation of these vitamins 
into the fat-soluhle or water-soluble groups 
and their administration in the diet of high 
levels for four weeks prior to infection have 
any effect on the average survival time or 
total mortality in these two breeds of chick- 
ens. 

With White Leghorn chickens infected 
with Salmonella gallinarum a great vari- 
ation in response to the high level feeding 
of vitamins was encountered. Some re- 
sults would suggest that the feeding of 
high levels of vitamins for four weeks 
prior to infection may increase the suscep- 
tibility of this breed to SalmoneHa gafli- 
narum and this may possibly be associated 
with the fat-soIuble group (A, D, E, and K). 

Smith and Chubb (1957) found that the 
protein level of the diet affected the mor- 
tality rate of chickens infected with Sal- 
monella gallinarum. A simple diet of 
ground wheat plus 2'/^ per cent fish meal 
gave the highest resistance to S. gallinarum 
infection. A much higher or lower level 
of fish meal had an adverse effect on re- 
sistance to infection. 

Starvation for 48 hours increased the 
severity of the disease. 

Hill and Garren (1961) found that in- 
creasing the protein level of diets from 
10 per cent to 20 to 50 per cent resulted in 
a progressively increased rate of mortality 
of chicks from Salmonefia gallinarum in- 
fection, The rate of mortality was not 
affected by the energy content of the diet. 
The acceleration of mortality was evident 


whether the protein was supplied by soy- 
bean meal or casein. Since the accelera- 
tion was noted when the organism was 
given either orally or intramuscularly, it 
was concluded that the effect of the in- 
creased protein level did not depend on a 
meeting of pathogen and diet in the in- 
testinal tract. While total mortality was 
generally increased with increasing protein 
levels, the differences were not statistically 
significant in most of (he comparisons. 

Treatment 

Sulfonamide drugs have been tried by 
numerous investigators trith conflicting 
results. Hammond (1945) reported effec- 
tive control by use of sulfathiazole. Holt- 
man and Fisher (1946) studied an out- 
break In battery-raised chickens which had 
caused 20 per cent Joss in 3 days. The flock 
was then divided into two parts. Group 
1 received the usual care— removal of siA 
birds and cleaning and disinfection of bat- 
teries with a cresol solution. Group 2 was 
given sodium sulfathiazole in the drinking 
water for one week. At the end of the 
week 80 per cent of the birds in group 1 
had died. Losses in group 2 had been re- 
duced to 4 per cent with no losses during 
the last 3 days. Hotvever, losses in this 
group reappeared within 5 days but were 
controlled by the use of the drug. 

The next year, Holtman and Fisher 
(1947) were successful in controlling 
natural outbreaks of lowl typhoid in broil- 
ers by the use of sodium sulfamerazine (0.2 
per cent) in the drinking water. There 
was a loss of 62 per cent in the controls 
compared to 4 per cent in the treated birds 
when the drug was administered for 5 con- 
secutive days each month for 2 months. 

Simms (1946) reported on the use of 
sulfamerazine, sulfadiazine, and sodium 
sulfathiazole in broiler plants. The drugs 
were fed in 0.5 to 1.0 per cent in wet mash. 
None of these drugs was satisfactory for 
controlling a virulent outbreak of the dis- 
ease. MoruUty was greatly reduced while 
the drugs were being fed, particularly in 
the case of sulfamerazine, but on discon- 
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tinuance of its use, mortality rose again to 
nearly its former level. The same results 
were obtained from the use of these drugs 
in breeding flocks. 

Moore (1946c) reported that sulfamera- 
zine was effective in reducing death losses 
from fowl typhoid, while sulfatlialidine 
and sulfasuxidine were not effective. The 
mortality varied from 33.3 to 83.3 per cent 
for these two drugs. However, the former 
was given 5 days after exposure while the 
latter was started at the time of exposure. 

Alberts (1950) used 0.4 per cent sulfa- 
merazine-mash mixture, or 0.2 per cent 
sodium sulfamerazine in the drinking 
svater during a 7-day course of treatment. 
This prevented losses during the 7-day 
period of treatment and for 2 days after. 
The intermittent use of sulfamerazine or 
sodium sulfamerazine over a 21-day period 
was more effective in minimizing losses 
than was continuous feeding of the drug 
for 7 days. 

Jones el al. (1944) reported on the use 
of streptomycin to protect chicken embryos 
from the action of the fowl typhoid or- 
ganism. 

After completing two large experimenu 
on the effect of treating turkeys suffering 
from fowl typhoid with furazolidone (NF- 
180), Boney (1954) reported this drug to 
be effective in reducing mortality due to 
fowl typhoid when fed at the rate of 2 
pounds per ton of feed for 7 to 10 days, 
or until mortality stops. He also recom- 
mends the use of sanitary procedures after 
an outbreak. 

Grumbles el al. (1954) found furazoli- 
done added to the feed at levels of 0.0055 
to 0.011 to be effective in preventing mor- 
tality associated with fowl typhoid (S. gal- 
linarum) infection in turkeys. The higher 
level at 0.011 per cent was found to be 
more effective in severely infected birds. 
No evidence of toxicity or unpalatability 
was encountered. Exposed and treated 
birds have been shown susceptible to rein- 
fection and to be carriers of 5. gallinarum. 

Richey (1954) reported that mortality 
was controlled promptly in field outbreaks 
of fowl typhoid in one chicken and two 


turkey flocks after feeding furazolidone 
(NF-180), 

Claniz and Gordeuk (1955) report 
that m vilro and jn vivo tests of sensitivity 
of Salmonella gallinarum to antibiotics 
were similar. Chloromycetin, when admin- 
istered at the rate of 200 mg. per bird per 
day per os or 1 to 2 gm. per pound of 
mash, g.it’e excellent protection when 
started on the day of infection. A relapse 
occurred when Uic chloromycetin mash 
was discontinued, Aurcomydn mixed with 
mash at the rate of 1 gm. per pound re- 
duced losses to 25 per cent and no relapse 
occurred when treatment svas discon- 
tinued. Polymtxin B and Tcrracon 180 
had little therapeutic value. 

Smith (1955c) found furazolidone to be 
greatly superior to the sulfonamides in 
treatment of experimental fowl typhoid in 
one-day-old and ninc-week-old chickens. 
This was thought to be due to die fact that 
furazolidone is bacteriddal while tlie sul- 
fonamides are bacteriostatic in low concen- 
tration. Penicillin was of no value in treat- 
ment 

Fecal excretion of Salmonella galli- 
naruTO could be stopped by feeding fura- 
zolidone in the mash at a concentration of 
0.04 per cent for 10 days. 

Chickens treated wiili furazolidone early 
but not late in the coune of the experi- 
mental disease developed little immunity. 

Furazolidone was of value in treatment 
of chronic carriers of infection. 

Furazolidone, when fed continuously to 
young chicks in a low concentration (0.02 
to 0.04 per cent), slightly depressed the 
growth rate but was not toxic. 

Wilson (1955) found that furazolidone 
in a concentration of 0.02 per cent in the 
mash controlled mortality from Salmonella 
gallinarum infection but that mortality 
recurred after treatment ceased. At the 
0.04 per cent level complete protection 
was obtained. When treatment was de- 
layed until deaths occurred, results were 
less satisfactory but mortality was greatly 
reduced. Treatment begun at tlie earliest 
possible moment witli 0.04 per cent of 
furazolidone and continued for 7 to 10 
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days, together with the practice of sanity 
measures, is recommended, 

Wilson (1956) concludes that the ad- 
ministration of furatolidone in the mash 
in the treatment of carriers will result in a 
proportion of birds being scerillzed of 
Salmonella and ultimately becoming nega- 
tive to the agglutination test. A larger 
percentage continue to harbor the organ- 
ism, especially in distorted ova, and remain 
reactors. Treated birds usually cease I^y- 
ing Salmonella-containing eggs. WiJson 
further predicts that furazolidone may 
prove even more valuable in the pre- 
vention of safmoneffosis in turkeys and 
ducks as direct egg transmission is common 
in these species. 

Titkemeyer and Schmittle (1957) used 
various levels of six different drugs to dei»r- 
mine their effects on the recovery of S. gal- 
linafum from inoculated White Leghorn 
cliicks. Representing the sulfa drugs, stil- 
faquinoxaline at levels of 0.05 per cent a^d 
0.0175 per cent in the feed or at 0.025 per 
cent in the water and sulfamethazine at 
the level of O.I per cent in the water re- 
sulted in an incidence of recovery of 8^.5 
per cent as compared to 100 per cent in 
the inoculated controls. At “growih-pro- 
moting” levels, clrlortetracycltne at levels 
of 18 gm. and 108 gm. per ton and peni- 
cillin at 4 gra. per ton of feed did not re- 
sult in a significantly lower rate of recovery 
of the organism. At therapeutic levcjs, 
chloitctracycline at 200 gm. per ton of 
feed resulted in 80 per cent recovery of 
the organism. IVith chlortetracydine in 
water, svitli neomycin alone or in combi- 
nation with chlortetracydine in feed, the 
organism was recovered from 90 per cent 
of the chicks as compared to 100 per cent 
of tire infected control. Furazolidone at 
the rale of lOO gm. per ton of feed re- 
duced the inddence of recovery of the <*r- 
ganism to only 10 per cent. With oral 
inoculation of the organism, the results 
were less conclusive in that often the 
organism could not be recovered regard- 
less of whether the chick was medicated. 
Furazolidone seemingly prevented recov- 


ery of the organism in all 30 orally inocu- 
lated chicks. Time of administration of 
the medicaments whether 48 hours before, 
at time of, or 48 hours after, did not 
alter significantly the recoverability pic- 
ture. 

Dijkstra (1959) slates that treatment of 
fowl typhoid with chemotheraputics and 
antibiotics nearly always gives unsatis- 
factory results because clinically healthy 
animals may remain carriers for a long 
time. Furazolidone, which has a bacterici- 
dal effect and apparently distinguishes it- 
self favorably from the other drugs, cannot 
as a rule cure an infected (lock. 

Richey and Morgan (1959) artificially 
infected turkeys, 10 days old, witli approxi- 
mately 10* SolmoneJia gallinarum cells- 
While mortality in the untreated control 
group was 100 per cent, death losses were 
prevented by feeding chloramphenicol at 
0.22 per cent, or furazolidone at O.Oll per 
cent or 0.022 per cent in feed starting 5 
days before inoculation and continuing 
for 17 days. 

When treatment was begun at the time 
of infection and continu^ for 12 days, 
deaths occurred in all groups. When medi- 
cation was started four days after inocu- 
lation and continued for eight days, more 
birds treated with furazolidone than dilor- 
aniphcnicol survived. Chloramphenicol 
given at the rate of one 50-mg. capsule 
daily for three days was of little value in 
preventing deaths when given either at 
the time of inoculation or at the appear- 
ance of illness four days later. 

Agglutination tests were negative in 
only one of die survivors medicated with 
cliiorampheuicol, but were negative in 
many of the survivors medicated with 
furazolidone. 

Bicrer el ni. (19Q1) in four experiments 
found that prophj lactic furaltadone water 
medication at 0.25 g/gal resulted in a 
marked reduction in mortality in pullo- 
rum disease in chicks, fowl ijphoid it: 
ducks and poults, and 5. typiii-muriutr 
infection irt {>ouIts. 

Tliera|>cuiic medication at 0-25 g/ga 



352 W. J. HAU 

resulied in a reduction in mortality in all 
four trials. Howc\cr, mortality reduction 
tvas marked on the 0.5 g/gal level in 3 ol 
4 trials but erratic resulu were obtained 
in poults with S. typhi-muTtum thcrapeu- 
tic medication. 

In general, a\crage body ■wciglits ot all 
medicated groups at 10 days compared 
favorably with uninfected unmcdicatcJ 
controls, but were lower in the infected 
unmedicated groups. 

Further evaluation of furaliadonc water 
medication in more extensive floor pen 
trials, under field conditions, is indicated. 

Hall and Caruitc (19GI) investigated 
the resist.ance of some strains of S^lmonflla 
gaih'riarum to furazolidone and concluded 
that fowl typhoid is still a problem of 
major importance in Texas turkeys and 
diickcns. Three of the four Texas Toiiltry 
Disease Investigation Laboratories report- 
ed one or more outbreaks of fowl typhoid 
that failed to respond to fiirarolidonc 
therapy. Four isolates of S. gallinitrum 
from such outbreaks were studied in the 
laboratory. All were sensitive hi vitro to 
furazolidone; however, one strain de- 
veloped resistance when serial passages 
were made in the presence of the drug. 
The same strain displayed resistance to the 
activity of furazolidone in cxpcrimcntally 
infccted turkeys when the drug was sup- 
plied in the feed at a level of 0 011 percent 
(2 lb. NF 180 per ton). 

Richey (1962) inoculated dayKsUI diicks 
with Salmonella pullorum or Salmonella 
gallinarum. Medication with either of two 
soluble nitrofurans (nitrofurazonc and fur- 
altadone) in drinking water, alone and 
supplemented with furazolidone-medicated 
feed, prevented and reduced early (ten day) 
and total (four week) mortality in all but 
one group (infected with S. pullorum and 
treated with furaltadone). 

Sa/mone//a ga/finarum-infected rhiVy^ 
succumbed rapidly. However, medication 
with furaltadone decreased both the early 
and total mortalities considerably. Appro- 
priate time of medication rather than 
drug used accounted for the lowest number 


of infccictl survivors yielding a positive 
agglutination test. 

In most cases, average vvcighl of surviv- 
ing 5. /»u//c»rwm-infccictl birds was higher 
than that of the birds infected witli 5. gal- 
linarutn. 

Eradicoiion 

1. Elimination of carricn. Moore 
(1917). testing two flocks of typhoid- 
infected birds, one ariincially and one 
naturally infected, found Uiat they react 
inicnnittcntly just as they may with pul- 
lorum disease. He coivcludcvl. therefore, 
that fowl typhoid carriers may remain un- 
noticed if only one blood test is rclicil 
upon to remove all infected birds in a 
llock. He found that rcpcatnl testing at 
frequent intervals is necessary if all in- 
fected birds are to be detected, and that 
fowl typhoid reactors m.ty appear perfectly 
healthy and contitiue to react month after 
month. .Nfoorc made a polyvalent 5. gal- 
hnariim tube antigen whidt he considered 
superior to standard pullorum tube anti- 
gen in detecting carriers. 

iloltman and Fisher (1917). in discuss- 
ing the control ol fowl typhoid, assert that 
the practice of a regular program of blood 
testing is an txtccdingjy important means 
of controlling the disease. 

Hall et al. (IDi9b) were able to control 
extensive outbreaks of fowl typhoid in a 
large broiler and brcciling flock establish- 
mcni by repeated whole blood platcagglutj- 
nation tests and removal of reactors until 
no more were found. At first a gallinarunt 
plate antigen was used, but later they con- 
cluded that the standard pullorum stained 
antigen was slightly superior to the galli- 
narum antigen in detecting carrieo. 
When fowl typhoid first broke out in 
tliii establishment, control of the disease 
was attempted in house after house by 
depopulation of the affected and adja- 
cent pens, followed by thorough cleaning 
and disinfection, but without success. It 
was possible to carry out only limited sani- 
tary precautions at this plant; nevertheless, 
eradication of the disease was accom* 
pHshed by the persistent elimination of car- 
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the Dry Antigen. The dry antigen is next 
combined with a slight amount of phenol 
salt solution (phenol 0.5 per cent, sah 0.85 
per cent) and allowed to stand for two 
hours or longer to soften. Tltcn the large, 
coarse, suspended patticlcs arc changed 
into a fine homogenous mixture hy \igor- 
ous agitation Tor ten minuia \uth glass 
beads in a shaking apparatus. 

Density of the bacterial rcstsusjMtnsion 
is deicnnincd by comparison with the 
usual standard density of barium sulfate 
(3 cc. of 1 per cent barium chloride solu- 
tion and 97 cc. of 1 per cent sulphuric 
acid). 

The Salmonella gafiiiienim dry antigen 
has been in use in the Giessener Insliiute 
since 1918. Up to the present time user j 
fiaff miff ion bfood tests base fscen con 
ducted in the vicinity of the [wniiiy health 
service by the slow (tube) .igglutination 
method. The antigen has proved satis- 
factory in .ill eases with rcg.trd to reaction 
capability, uniformity of composttion and 
simplicity of preparation of the test-sut- 
pension. Also all comparative tests with 
the freshly prcp.ired antigen (Taubiu, 
1947i Euridi, 1919; and Geisstcr, 1938) 
recognize the dear superiority of the dry 
antigen. 

Geisslcr (1958) states that agglutination 
antigens, which had been washed out by 
centrifugation and sedimentation, have .i 
better reaction than "non-washed ’ bac- 
teria. Dry antigen, following a uietliod 
indicated by Lcrchc and Roots (1958) 
proves the same specificity and sensibility 
as cleaned, freshly prepared antigens. Tlic 


dry amigen, whitii can always be produced 
in Uic same quality, seems to be the best 
reagent. 

Nfoinar and Nagy (1959) describe the 
production of fowl typhoid antigen by 
feriDcnialion. viz.: S. gaUinarum nuy be 
readily cultivated by fermentation using 
a liquid niediutn containing hydrolyzed 
casciit. As the result of investigations die 
propagation of bacteria was finished after 
7-8 hours* ciillute and by this time the 
culture contained 120 to 150 milliards of 
germs }>cr ml. Tlicsc cultures proved suit- 
able for the preparation of fowl typhoid 
antigen. As a result of comparative sero- 
tugical tests, using blood samples from 
both naturally and artificially infected 
birds, the value of the antigen prepared by 
fermciitaiion was similar to diat prcparcil 
(torn suspensions of agar cultures. 

2. Dqwpulatioi). Dri>opulaiion is the 
traditional mediod of eradicating duease. 
and may be used in small flocks kept for 
egg or meat production. When followed 
by a thorough cleaning and disinfection, or 
by a sufTicient interval of vacancy, such a 
procedure is successful, provided healthy 
replacement stock is obtained. This 
mcilioil of disease eradication, liovvcvcr, is 
too costly in most breeding flocks where 
mud) expense and years of elTorl luve 
been devoted to the development of birds 
of superior quality. Control by depopu- 
lation is an emergency measure and indi- 
cates that die disease has been insuffi- 
ciently studied to provide a satisfactory 
control method. 
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Fowl Cholera 


Fowl cholera (avian pasteurellosis) »s an 
inlecdous disease affecting practtcally all 
species of fowls. It usually appears as a 
septicemic disease associated wit S 
morbidity and mortality, hut 
manifestations are also of frequent o 
rence. /iqi4\ 

History. According to Gray f ^ 
various epizootics among fowls occu 
European countries during 
of the eighteenth century, and he ^ 
Chaberttith the first study of 
in France in 1782. Maillet, ' 

by Manninger (1929), was the « 
the designation “fowl cholera 
nection with severe losses. 

Delafond presented the l_.„i 

evidence of the wansmissibiliiy o 
cholera about the middle of the ni 
century, according to Manninger. 

Rivolta. in 1877, and Perronato m 18W. 
described the presence of micro 
a rounded form, appearing sing y, . 
combined, in ihe blood o! alicc.cd b.rdt 


Toussaint confirmed these observations in 
Imo “ “detnonstrated that the organism 
lere Ae STe ol the disease; he ob.amed 
cultures in neutralized urine (Gray, 191S)^ 
Pasteur (1880a) isolated and grew pure 
Lliures ol the microorgan.sm m Atcten 
broth. In continuing studies. Pasteur 
/IRMW using fowl cholera organisms. 
SoSled hS fundamental experiments in 
Ihe attenuation of bacteria in culture and 
their use in inducing immunity. 

Llmon (1880. 1881. 1883) appears to 
h.™Teu the first to have invesugated 
Ll Solera iu A= United Stiles.^ 
Higgins (1898) had an early report ol the 

'^iSiTncTM cholera occurs sporadi- 
caltv or enmotically in most countries of 
SeCid. althongh’^ i. is 
oKonence in temperate and '"S™ "8 
ton in northern the 

cause, a heavy moruhty, 

'^S“rind5e„ceollon.c.,o.era 


[35»1 
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in several countries since about 1330. Van 
den Hurk (I91G) reported that fowl 
cholera is uncommon in Holland. Wool* 
dridge (1954) stated that the acute type of 
the disease is not norTn.illy present in 
Great Britain, anti outbreaks are usually 
traced to importations. In Denmark, the 
incidence of fowl diolcra declined sharply 
following bans on importation of Ihc 
poultry (Marthcdal and Veiling, 1951). 
Iyer and Hashmi (1915) reported dial the 
disease occurs in lndi.a far less frequently 
than is usually bclicscd, and that wide- 
spread epizootics are not a feature of the 
disease in that country. 

In the United States, many of tltc 
poultry diagnostic laboratories have noted 
a reduced incidence of fowl diolcra in 
recent years, finding only a few sporadic 
outbreaks. The decreased incidence may 
well be assodated with general improve- 
ments in poultry management practices. 
On the other hand, Evclcth el al. (1951) 
reported that the disease is widespread in 
North Dakota in both chicken and turkey 
fiocks, occurring during the entire year but 
especially at times of management dianges. 
They stated that the disease appeared to 
be on the increase. Dorsey and Harshficid 
(1959) ranked fowl cholera among the 
three most important diseases of poultry 
in South Dakota. The highest incidence oc- 
curred in die months from August through 
December. Biercr (1962) reported Uiat 
pasteurcllosis in chickens in South Caro- 
lina and adjoining areas exists mainly as a 
persistent subacute and chronic disease 
that clinically resembles avian monocytosis 
and that acute fowl cholera is rarely ob- 
served. Hagan and Bruner (1961) reported 
heavy losses of ducklings on the duck 
"ranches” of Long Island where the birds 
are raised in large numbers in very 
crowded insanitary quarters. 

Etiology. Pasleurella multocida (P. avi- 
eida, P. avisepltca, P. ckoUraegallinaTum 
etc.), the causative agent of fowl cholera, 
IS a small nonmotile. Gram-negative, ovoid 
or elongated rod (Fig. 11.1). It measures 
0.25-0.4/i by 0.6-2.5;t but tends towards 


plcomorphicity after rcjwaicd culture on 
agar, or prolonged cultivation in broth or 
carbohydrate mcilia. A capsular substance 
of a mucoid nature may be demonstrated 
in recently isolated cultures. In tissues, 
blood, and recently isolated cultures on 
blood agar the organism is distinctly bi- 
polar when carefully stained whli methy- 
lene blue, Giemsa, or carbol-fuchsin. This 
diaractcristic is lost witli continued culti- 
vation on artificial media. 

On beef infusion media tlie colonies of 
P. tnuUocidii are louiul, flat, and trans- 
lucent. Fluorescence is noted in colonics of 
many recently isolated strains. In broth 
the organism protliiccs a dilTusc clouding. 
A sticky sediment collects in the bottom 
of old brotli cultures. With some strains 
a floccuicni prccipit.ite may be noted which 
is cluractcrisiic of a rough pliasc of the 
organism. The addition of sterile serum 
and use of digested protein or proteose 
)>cptonc stimulates growtlt in solid and 
liquid mcilia. 

P. muUocidn is an aerobe or facultative 
anaerobe with an optimum growth tcmpe^ 
ature of 37® C. The optimum pH for 
growth is 7.2 to 7.1 with a range of 6 to 
8.5. It prosluccs indol, catalase, and am- 
monia. It reduces nitrates to nitrites, re- 
duces rocthykne blue, does not produce 
methyl acetyl carbonol, and is negative to 




the methyl red test. It is not bile-soluble, 
does not liquefy gelatin or change Ittmus 
milk (Merchant and Packer, . 

Rosenbusch and Merchant (1939) classi- 
fied F. multocida strains into three groups 
on the basis o£ their fermentation of xylo^ 
arabinose, and dulcitol. Group 1 fermented 
arabinose and dulcitol but not xy (^t 
Group II fermented xylose but not arabi- 
nose and dulcitol. A third group was vari- 
able but more nearly like Group l. 
Dextrose, mannose, galactose, s=i«haro^ 
and mannitol were fermented by o 
main groups, but not lactose, maltose, ra - 
finose. uehalose, rhamnose. inositol, adorn- 
Ml, inulin, salicin, dextrin, and starch. 
Dorsey (1963a) made a similar study oUlw 
P. mullociia strains, all oi fowl 
Three hundred thirty-three (81.dd per 
cent) were Group I and 69 (16.87 f ' “"O 
were Group II. Seven strains v‘7 p 
cent) which lermented xylose, arabinose, 
and dulcitol were classified as Group 111- 
Twenty-three additional strains var 
from the reactions typical of the tnw 
groups. Usually there was correlation 
tween the biochemic group and the aggm* 
linative and immunizing actions o 
strains but exceptions were encounterco 
(Dorsey, 1963b). , . 

Roberts (1947) arrived at another classi- 
fication, recognizing 4 types P- 
cida based on immunological diffeKnces 
cross-protection experiments with mice. 
Little and Lyon (1943) studied 30 straw 
of P. multocida serologically, dividing them 
into 3 types. Carter (1955) examined 
numerous strains by means of hema^ u 
tination tests and proposed 4 
were designated A, B, C, and D- ^ ® . 
lowing table relates Carter’s classification 
with the earlier designations: 

enter Types ABC D 

Rosenbusch and 

Merchant .... Groups I H 
Little and Lyon . . . Types 1 2 3 

Roberts Types H I 

Namioka and Murata (1961a) employed 
' a slide agglutination test in comparison 
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wiUi hemagglutination in 
and found the former satislactory tor cul 
tures with fluorescent ” 

continuing studies (Namtoka “<1 
1961b, c; Namioka and Bruner, 1963) at 
;„,ion ;aa given, also to *e “mane g 
andeen of F. multocida. Ten O groups 
“^e demonstrated within 156 cultures. By 
correlation of these O groups “P' 

sule types. 12 serotypes were delineated. 
r^Lrall of serotype 5:A cultures 
recovered from fowl cholera. Both 5.A 
and 9-A serotypes were isolated from fot^ 

--“S'"^^ri%>:Apiovef^ 

rer^wM?e"o.het:erotype/he,ojg^fo 


genic while other serotypj little 

V it 210 freshly isolated strains 
°“h Seaks ot »cut=^t«> *okra_and 

l^i^SSsrrrS'Sandwasin.er- 

Sr" old (M,^™ S 
colonies on agar, a rulence: 

broth, and with moderate mouse vir 

(2) smooth (fluorescent) (J] ^wth 

iiU-dzed discrete colomesr^d^^^^^^ 

in broth, and discrete 

(3) rough toagglutination in 

colonies, , jSnee for mice, 

broth, and having recovered from car- 
Many of the cultures c j^ronic 

rier fowls and q£ predominantly 

process^, were imposed olp__^^_^ 

^n^r: precipd--- »c capsular 
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TADLCll.l 

Clauificatiom of CoUMtAi. Vaxiami ur P, muiUtiJa 


Older Designations 

j IVo^Kued Designalioni j 

Capsule 

Reaction In AcriBavine 

1 Colonial 

1 Antigenic 

Mucoid 

mucoid 

Kf 

+ + 

slimy precipitate 

riuorescent ... 

imooili 

S 

+ 

cells remain in suspension 

Intermediate..,, 

smooth 

S 


partial flocculation 

Granular Blue , . . , , , . 

smooth 

SR 

- 

flocculation 

Rough . , , , 


R 

- 

flocculation 


suelling techniques. In a later report, 
Carter (1957) gase further attention to 
colonial variation anil antigenic tharac* 
leristics of P. tnultocida. Colony tnorpliol* 
ogy was studied by obliquely transmitted 
light, and antigenic characteristics by bo 
havior with 1:1000 acriflasine solution. His 
proposed designations were related to older 
designations as shown in Table 11.1. 

Hall et al. (1955) described a miao- 
organism isolated from cliickens with 
chronic fowl dtolera and cliickens svith 
upper respiratory infection, which dif- 
fered from other members of the Pasteur- 
ella group. It produced acid in maltose, 
trehalose, and mannose, was nonhemo- 
lytic, and did not produce indol. The 
name Pasteurella gallinaTtim was proposed 
for this new species. Gibbs (1910) had 
earlier isolated from ducks an organism 
resembling P. multocida which was mal- 
tose-positive and indol-negalivc. Hemo- 
lytic Pasteurellae have been isolated from 
various types of lesions in chickens and 
turkeys by Greenham and Hill (1962), Har- 
bourne (1962), and Harry (1962). 

Tenacity. Pasteurella multocida is read- 
ily destroyed by 3 per cent ctcsoI, 1 per 
cent phenol, and 1:5000 bichloride of 
mercury. At 60° C., the organism is de- 
stroyed in 10 minutes. It remains viable 
in manure for at least a month (Gartner, 
1898) and about 3 months in the decaying 
carcass and in garden soil (Kitt, 1888). 
The organism survived in dried blood 


smears on glass for 8 da)s at room temper- 
ature (Skidmore, 1932). 

Van lis and Olney (1910), in studies of 
the influence of environment on ilie inci- 
dence of fowl cholera, found that the 
infection Iiarard had apparently dIsap' 
pcarcil from a poultry jard two weeks after 
the occurrence of the last death and the 
removal of birds. 

The influence of temperature on the 
viability and virulence of P. multocida in 
cultures has been studied by Kobrega and 
Bueno (1950). Broilt cultures stored in 
scaled tubes at an average room tempera- 
ture of 17.G® C. were still viable and viru- 
lent after two years. At icmpcraiurei of 2 
to -lo C. sudt cultures were inactive at the 
end of one year. Sealed agar slant cultures 
were held at room temperature for 5 years 
or longer with only a few strains becoming 
nonviable (Dorsey and Harshfleld, 1959). 

Susceptibility. Domestic fowls of all sp^ 
ties, game birds raised in captivity, and 
small feral birds (pigeons, sparrows, 
finclies, etc) that may visit poultry yards 
are susceptible to fowl cltolcra. hfost of 
the reported outbreaks of fowl cliolera 
have involved cliickens, turkeys, and ducks, 
and studies of the disease have more often 
concerned those species. Curtice (1902) 
described a heavy loss in 1900 in Rhode 
Island due to "goose septicemia.” About 
8,200 geese died out of a flock of 4,000 in 
a short period of time. Olliers (Moore, 
1916: Ward and Gallagher. 1920) used 



the name •'goose sepliccm.a tor 
ella infections in geese, although 
separate identity was 

its peracule nature anti the very high mor 
tality in that species rather than on differ^ 
ences in the causative organism Moh^ 

and Bhadury ('9«) . Ef aS 

port of fowl cholera in geese. Van Es an 
Olney (1940) recogmred *' ’""M 
susceptibility of geese to fowl oltol'r® 
using\hat species to test the ■nfectmty 
lots after removal of infected ch 

waterfowl, and other birf, 

kept in roological gardens occaston^ 
suLtnb to infection. Moriahties from 
fowl cholera in wild geese (Zuydam. lOh^. 
wild ducks (Van den Hurk, 
rup et el., 1946), and sea gulls ? 

and Truter, 1951) have been aopo'^f 
spread to domestic fowls. A severe outbreak 
of fowl cholera in the San Piancisco Bay 

area in 1948 was ’ '“aiJd 

an estimated 40,000 waterfowl (Rosen and 
BlschoS, 1949). . . 

The disease has been reported in pheas 
ants raised in captivity 
Alberts and Graham, 1951). and m «pn*» 
quail (Hinshaw and Emlen, 1945) Re 
«nl reports have recorded the ts*'"" 

P. mullocida from the flicker ( 

1945) and the starling, grackle, and rob.n 
(Bivins, 1953, 1955). . 

Rabbits are very susceptible to m 
with fowl cholera organisms fj! ^ 

or by inoculation, and die from^ p 
disease. White mice and field nttce are alw 
susceptible. Guinea pigs are inocu- 

but may succumb to intrapento 
lation h P. muUocida. By 
inoculation, a local abscess is pr 

Horses, cattle, sheep, pigs, dogs, and OB 
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in man, although the source of infection 
has generally not been determined. 

Source, of infection. It is often diffictd 
or impossible to determine how iovd 
diolera is introduced into a flock. Fre- 
quenlly it follows the addition of newly 
purchied stock to the breeding Bock or 
Ure addition of pulleu to an Popu 

. Vr,.6>.avinB birds having conuct 

with poultry may provide a source oi fow 

^WAsOTc”'™.’ (1927) examined three 

fecuon m the Hocks, lucy 

the endemic focus of mteciio 

ESiisss 

"•nratJitnlsa'Soln:; 

1^594 reported a higher .‘“‘“0"“ " 
'choS outbreaks 


are refractory to infection per 

subcutaneous inoculations resu 

ired abscesses. All of these 

succumb, however, to 

lation of moderately heavy os . ^ 

ella mullocida infections, uso^y 

localized nature, base been encounterea 


cholera ouioreaiks kAt. o ^ 

„.er and lall to Sock, held 

Gamer birds among ovjded a reser- 

ro‘nnieSuK»-<>'‘“=--“’- 

which contaminate SOI . ’jj^jemination 

be an important fac 

of the disease. There is 
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excretions may ha\c a more dominant role 
than feces in this regard. Contaminated 
aates, feed bags, or any equipment used 
previously for poultry may ser\e in intro- 
ducing fowl cholera into a flock. The car- 
casses of fowls dead of cholera arc thor- 
oughly permeated with organisms and may 
serve as a source of infection, especially 
because of the tendency of fowls to con- 
sume sucli material. Reis (1931) recovered 
P. multocida from carcasses decomposed in 
air and in a bird exhumed eleven days 
after death. Hendrickson and Hilbert 
(1932) found the organism to remain 
viable for at least two months in a carcass 
kept in an ice box. The feeding of offal 
of dressed poultry is not without danger. 

The possibility that insects may serve 
as vectors of fowl cholera has been con- 
sidered. Skidmore (1932) expcritnentaU> 
transmitted fowl cholera to turke)$ by 
feeding flies that had previously fetl on 
infected blood, and cautioned that umlcr 
natural conditions, ingestion of flics might 
be a means of introducing the disease into 
a flock. That sudi transmission is probably 
not common is borne out in the studies of 
Van Es and Olncy (1910). Although viru- 
lent outbreaks of fowl cliolera were main- 
tained in two lots of diickcns during the 
height of the fly season, tliere was no 
spread of the disease to adjoining lots 
separated only by poultry netting. 

Natural infection and paihogcniciiy. 
Webster et al (1927) administered stock 
and freshly isolated strains of P. multocida 
per os and intranasally to young and adult 
chickens, producing infections only in Uie 
birds exposed intranasally. They proposed 
that P. multocida infection is primarily a 
respiratory disease. Hughes and Pritchett 
(1930) again demonstrated the respira- 
tory route of infection, with negative re- 
sults by way of the alimentary canal The 
response when the organisms were intro- 
duced intranasally was varied, some chick- 
ens developing acute septicemic cholera 
and others developing localized infections 
such as rhinitis and wattle involvement. 
Still others became healthy carriers. Web- 
ster (1930) observed that the severe epj- 


dcmic form of fowl cholera was associated 
with a relatively vinilcnt type of organism 
whidi survives with diiTiculty in the host, 
whereas tJic endemic disease is assodated 
willi strains of relatively low virulence and 
high vegetative capacity. 

Ccrnaianii (1912) considered the fowl 
cholera organism a facultative pathogen, 
varying in virulence under different con- 
ditions of infection. He attributed the dif- 
ferent pathological nianifcstaiions seen in 
fowl diolcra to variation in virulence. He 
concluded Uiat in order for an outbreak to 
(Kcur, there must be some secondary fac- 
tors such as sc-nson, weather, or nutrition. 

Inadequate ventilation has also been 
suggested as an important contributing 
factor to the sptcad ami severity of fowl 
cholera outbreaks. Trillat (1931) ob- 
scrvctl that mice or diickcns placed in 
closed cages containing small quantities 
of culture of P. multocida were readily in- 
fected, provided the cncloscti air was 
humid and containeti gaseous products ol 
respiration or solitl particles. The actual 
number of organisms in the air required 
to produce disease was less than the num- 
ber required by subcutaneous injection. He 
stated that transmission from infected to 
normal animals occurred in cages where 
there vvas no contact other than by air. 

Pasteur (1880b) had reported that the 
fowl cholera organism produced toxins in 
culture mcilia, and it was believed that a 
negative chemotaxis occurred because of 
this, allowing for a rapid increase of the 
organisms in the body. Later works of 
Weil (1M5) and Hadley (1918) did not 
verify this. Jt is now recognizeil that P- 
multocida does not produce an exotoxin. 

Symptoms and course of the disease. Van 
Es and Olncy (1910) state that 4 to 9 days 
usually el.ipse before appearance of symp- 
toms in a llock naturally exposed to fowl 
^olera. However, in their experimental 
flocks, explosive outbreaks sometimes oc- 
^rr^ widvin 48 hours after the intro- 
of infected birds. In outbreaks of 
Use peracute disease, premonitory symp- 
toms may be entirely lacking, and fowls in 
good flesh will be found dead on the nest 




FIG. 1 1.2 Localized Posteurella inlection in 

or beneath the perches. Similar sudden 
losses occur during die next few days. The 
rapidly mounting mortality in such flocks 
is good presumptive evidence of fosvl 
cholwa, especially if there are other fowl 
species on the premises also affected. Cya- 
nosis of the comb and wattles is a frequent 
but not an invariable symptom. 

^ Later in the progress of the outbreak, 
sick, birds may be found which are listless, 
refusing to eat or drink, and staying apart 
from the rest of the flock on the roost, nest. 
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or floor. These may live for a few hours 
or linger for several days. Some birds living 
for a longer period may develop rales and 
^ thick catarrhal nasal discharge. Diarrhea 
tiiay or may not occur. 

Chronic manifestations of Pasteurella 
infection may occur in flocks following 
early acute stages or in outbreaks of ap- 
parently low virulence. Localization of the 
Organism in the wattles is common in 
breeds with large pendulous wattles, caus- 
ing an edematous swelling, later to be- 
come caseous (Fig. 11.2). Localization in 
joints and tendon sheaths of the legs or 
Vings is also common, resulting in swelling 
^nd Jamwess (Fig. IJ.S}. A /ew develop 
torticollis due to localization of P. multo- 
cida in the ear or at the base of the skull 
(Fig, U.4). Outbreaks which are associ- 
ated with the more chronic symptoms are 
prone to continue over a period of several 
Weeks or even months. 

The actual death loss in natural out- 
breaks of fowl cholera varies from a few 
birds, if brought under control promptly, 
to 60 per cent or more in outbreaks either 
of an extremely acute nature or when pro- 
t(>nged as a ^ontc disease. In chicken 
flo^, there are some birds which appear 
tC) resist infection throughout the outbreak. 
At least some of these become “nasal car- 
riers" of the fowl cholera organism. 

While tile symptoms as indicated are 
highly suggestive of fowl cholera, confirma- 
tory evidence is possible only by necropsy 
and bacteriological examination with re- 


FlG. 11.3 — Loeoliied Posteurello infeetio 


Fit*. 11.4 — Tortieolli* resulting from P. multa- 
cida infection in ear. 
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covery of P, multodda from the blood or 
tissues. 

Lesions. The lesions found on necropsy 
of birds dying of fowl cholera are not 
constant, but the pathological citanges 
often provide suggestive evidence of the 
disease. In those which are found dead or 
died within a few hours after appearance 
of symptoms, petechiae and ccchymoses in- 
volving serous surfaces and the fat of the 
abdomen are commonly present- Hemor- 
rhages ate especially prevalent on tlte heart 
surface and gizzard (Fig. 11.5). Similar 
small hemorrhages may be seen in die 
lungs and mucosa of the intestine- Marked 
congestion of the duodenal portion of the 
intestine with a thick, viscid mucous ac- 
cumulation in the lumen is a frequent 
postmonem finding in acute infections. In 
laying Blocks, cheesy material from rup- 
tured yolk sacs may be distributed in the 
body cavity. 

The liver in acute cases reveals a paren- 
chymatous hepatitis, The organ is some- 


what swollen, of brownish or yellowish- 
brovm color, and more friable than nor- 
mal. Numerous pinpoint to pinliead size 
necrotic foci may be visible on the surface 
and distributed throughout the liver (Fig- 
11.6). In infected birds which survive for 
several days, the liver may present a green- 
ish color, but enlargement and neaodc 
foci arc less frequently seen. The spleen 
seldom shows significant change. 

In localized infections associated with 
the more chronic manifestations of fowl 
diolera, the postmortem findings are vari- 
able. Where respiratory symptoms have 
been predominant, a catarrhal exudate is 
present in die nasal passages and trachea, 
and solidification of parts of one or both 
lungs is evident in some cases. Localization 
in the wattles causes, at first, an edematous 
swelling which later is found to be a case- 
ous exudate between the skin folds. In liltc 
manner, the exudate in tendon slieatlu and 
yoinis in Pasiturella localizations may con- 
sist of a cloudy fluid or caseous exudate 
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depending on the duration of the inlection. 
In those birds which have sliown “svry- 
neck,” a caseous exudate is found in the 
auditory canal or involving bones at the 
base of the brain. 

Pasleurella muUocida occasionally pro- 
duces localized lesions in other tissues. 
Thorp el al. (1931) observed abscesses in 
t)ie oviduct, suppurative arthritis of the 
co'co-femoral articulation, and osteomye- 
litis of the proximal end of the femur in 
a group of spontaneously infected birds. 
Van Es and Olney (19f0) recovered P. 
muHoa'da from a necrotic area in abdom- 
inal fat, from a caseous plug in the ccca. 
and from exudate present with an infec- 
tion of the oviduct. 

Diagnosis. Although a presumptive diag- 
nosis may be made from symptoms and 
lesions, fotvl cholera must be dillercnti- 
ated from certain other poultry diseases. 


notably fowl typhoid, fowl plague, avian 
monocytosis, other respiratory infections, 
synovitis, and localized infections from 
other causes. Organisms showing bipolar 
staining characteristics can often be 
demonstrated in slides smeared with heart 
blood or liver tissue from birds dead of 
acute fowl cholera. A conclusive diagnosis, 
however, is based on cultural methods and 
the identification of P. muliocida by its 
biochemical characteristics. 

Immunity. Pasteur (1880b), using a 
virulent culture of the fowl cholera organ- 
ism attenuated by prolonged growtjt on 
artificial media, produced a vaccine whidt 
protected fowls against subsequent ex- 
posure. In field use. his method did not 
prove practical because uniform attenu- 
ation could not be secured and heavy losses 
sometimes occurred in vaccinated flocks. 
Since Pasteur’s classical uork, there hate 
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been numerous attempts to produce im- 
muniiing agents, but results have been 
contradictory. 

Rodriquez and Antonio (1946) reviewed 
the literature on artificial immunization 
against fowl cholera and conducted im- 
munization trials duplicating methods and 
procedures previously employed and com- 
monly resorted to in practice. They used 
monovalent and mixed bacterins (forma- 
lin-, phenol-, and heat-killed), iodized 
bacterin, glycoside-lipid, natural aggressins, 
bacterins of soluble products of P. mullo- 
cida, formalinized monovalent bacterin 
precipitated with sodium sulfate, and fowl 
cholera antiserum. None of these agents 
gave satisfactory immunity against fowl 
cholera. 

Dougherty (1953) compared chemically 
killed broth culture bacterins with a 
chicken embryo culture vaccine (formalin- 
inactivated) in ducks. Eighty-three per cent 
of the ducks survived challenge with viru- 
lent culture at four weeks in the embryo 
vaccine group as against 17 per cent in 
the broth bacterin groups. By the sixth 
week a marked loss of immunity had oc- 
curred. Nelson (1955) obtained inconsis- 
tent results in preventing recurrence of 
losses from fowl cholera with autogenous 
bacterins in turkey flocks in field outbreaks. 
Heddicston and Hall (1958) conducted 
fowl cholera immunization trials compar- 
ing a commercial and several experi- 
mentally prepared bacterins. A water-in- 
oil emulsified P. multocida bacterin pro- 
vided protection against challenge infec- 
tion for at least 9 months and was superior 
to any of the other preparations used. In 
another experiment, a high degree of im- 
munity was established in both chickens 
and turkeys with the emulsified type 
bacterin (Heddleston and Reisinger, 1959). 
An aluminum hydroxide adsorbed bac- 
terin also produced an effective immunity 
for at least a year in chickens (Heddleston 
and Reisinger, 1960). In further studies. 
Heddleston (1962) noted that a P. multo- 
cida strain recovered from a fowl cholera 
outbreak in previously vaccinated turkeys 


differed serologically and immunologically 
from the strain used in the preparation of 
the bacterin. A bivalent emulsified bac- 
terin containing the two types (serotypes 
I and 3, Little and Lyon classification; 
serotypes 5:A and 8:A, Namioka and 
Bniner classification) stimulated and main- 
tained a high level of immunity against 
both types. A bivalent aluminum hydrox- 
ide ad^rbed bacterin was less effective. 

Boyer and Brown (1963) were not as 
successful in demonstrating satisfactory 
Inununity in turkeys following vaccination. 
Although bivalent commercial emulsified 
bacterins provided better results than 
monovalent bacterins, over one-third of the 
vaccinated birds died following challenge 
with a Little and Lyon type 3 culture. 

Dorsey (1963b) selected strains for prepa- 
ration of emulsified type bacterins from his 
biochemic Groups 1 and 11. In immuni- 
zation trials in chickens and turkeys mono- 
valent bacterins provided protection at a 
high level against challenge with a strain 
of the same group. Adequate immunity 
was not demonstrated against challenge 
with a strain from the other group. How- 
ever, in one trial in turkeys, the opposite 
was true. A Group II bacterin failed to 
protect against challenge by a homologous 
suain but good protection was provided 
by the Croup 1 bacterin. He states that 
biochemic grouping would be useful only 
for roughly selecting strains for more 
specific serologic and immunologic identi- 
fication. 

Treatment. Several of the sulfonamides 
have been employed in treatment of fowl 
cholera, both experimentally and in natu- 
ral oud^reaks. with varying success. Sulfa- 
methazine, sulfamerazine, and sulfaquin- 
oxaline have received more attention than 
others of this group of chemotherapeutic 
agents. Kiser et al. (1948) reported 63 to 
85 per cent reduction in mortality in ex- 
perimentally produced fowl cholera com- 
pared to untreated controls, using sulfa- 
methazine and sodium sulfamethazine. In 
natural outbreaks the reduction of mor- 
tality was 45 to 75 per cenL Five-tenths to 
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compared to 12 per cent in n jrroup ’.vhich 
received mash coniainin:; oxvteirac^xlmc 
at the level of 500 grams pet ton. In six 
natu’.al outbreaks, ox^tetracjclinc at this 
level in the feed resulted tn checking moi- 
taliiy, but losses rccurretl in three of the 
flocks after withdrawal of the antibiotu 
In another limited trial a commercially 
prepared injectable form of oxytetmcvclinc 
protected birds against a challenge inocu- 
lation of P. tnuUonda that killctl 70 per 
cent of a similar control group. 

Prevention and control. Improved im 
inunological agents can be valuable aids in 
prevention and control of lowl cholera. 
Recent developments in delineation of 
serotypes of P. muUocida and in methods 
of preparation of fowl cholera bactcrins 
are encouraging in this respect. However, 
good management practices must continue 
to be emphasized. Heddlcston and Reis- 
inger (1960) demonstrated that stresses 
caused by changing the social or peck 
order of vaccinated males and (owl pox in- 
fection in the birds at the time of vacci- 
nation and exposure signiftcantiy reduced 
the efficacy of vaccination. 

In a management program aimed at 
prevention of fowl cholera, consideration 
must be given to the many ways that in- 
fection might be introduced and the part 
that carrier birds play in the dissemination 
of the disease. Inuoduciion of new birds 
should be only as chicks and these raised 
m a clean environment completely isolated 
from mature fowls. The isolaUon should 
be continued in the housing; unless sepa- 
rate houses can be provided for lint and 
second year laying flocks, the older flock 
should be marketed in its entirely. The 
separation of (different species of fowls on 
the same premises is likewise important. 

The danger of infection being intro- 
duced by cockerels or pulleu acquired 
from other flocks or by the return of exhi 


biiion birds from fairs or poultry shoiis 
should be emphasized. Chicken cates and 
oilier pieces of equipment which have been 
picviously used for poultry may sene as 
sources of infection unless they have re- 
ceived tliorough cleaning and disinfectioa 
The fact that P. muUocida has been 
covered from many species of frec-fipng 
birds warranis consideration of this souia 
of infection to iMuItry with measures to 
prevent their association witli the flock. 

The application of strict sanitary mea^ 
urcs both in the prevention and conml 
of outbreaks is of utmost importance. 
ticular attention must be given to provi 
ing and maintaining dean Utter and t)pM 
of equipment for feed and 
minimize coniamination with body 


actions. . , 

A practical means for the detecuon o 
caniers of the fowl cholera organism 
not been developed. Shook and 
(1939) reported the control of w 
break of mwl diolera due to a earner 
dition of several years’ standing hy ® , 
of a stained antigen, rapid whole 
agglutination test of the flock, and 
moval of reactors. The stained antigen 
agreed with the lube agglutination les 
133 reactor birds and negative con 
Nobrega and Bueno (1944) found a 
aggluunalion test, performed in ^ 

with the technique of Shook and j 
failed to reveal effidenlly die fovvl 
carriers, which were identified by i 
lation of pigeons and mice vvith 
mucus from individuals of a flock, 
and Harshfield (1959) modified the 
nique of preparation of an antigen o 
rapid whole blood agglutination tes 
found poor correlation between reac 
with antigens of biocliemic yjjo- 

Croup II strains and isolations of "• 
cida by nasal swabs or at necopsy > 
infected flock of nearly 100 birds. 
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Tuberculosis of Poultry 


Tuberculosis of poultry may be defined as 
a contagious disease caused by Mycobac- 
terium avium. The disease is characterized 
by its insidious chronicicy, us long con- 
tinuation in a flock when once established, 
and its tendency to induce in infected birds 
a state of unlhriftiness, decrease or stop 
page of egg production, and finally death. 

The announcement that tuberculosis ot 
man and of cattle svas due to a living 
bacterial parasite — the tubercle bacillus — 
was made by Koch in 1882. Tuberculosis 
of drickens was first recognized as a re- 
lated but separate entity by Comil and 
Megnin (1884). Whether or not the micro- 
organism of tuberculosis of chickens is 
identical with the microorganism respon- 
sible for tuberculosis of mammals provided 
much controversy. Koch (1890) maintained 
for many years that tubercle bacilli were 
always the same regardless of the species in 
which they might occur. However, Rivolta, 
and later Maffucci (1890), showed by c»n- 


vincing experimental procedures that the 
microorganism of tuberculosis of chickens 
is definitely dissimilar to that of bovine 
tuberculosis. In 1901 Koch* finally aban- 
doned his previous position and declared 
that tuberculosis of poultry is unlike tuber- 
culosis ot human beings and that the dis- 
ease in man is dissimilar to that of cattle. 
Consequently, it was settled finally that 
three different species of tubercle bacilli 
are concerned with tuberculosis of mam- 
mals and fowl. Differences in the three 
species, which can be recognized readily at 
the present time, were vague and confused 
for nearly twenty years after Koch had 
demonstrated that a specific microorganism 
is the cause of tuberculosis. 

Although tuberculosis of chickens had 
been recognized as a contagious disease 
even before Koch succeeded in demon- 
strating the tubercle bacillus, llie disease 
has <x>ntinueil to spread throughout most 

‘Addrew published 1902 (Koch, 1902). 
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o£ the civilired world. With the avatlaWe 
information on the nature o£ the disease, 
its eradication in the United States ts en- 
tirely ieasibie. To fail to suppress the 
malady perpetuates an entirely unneM 
siry ecommic burden on American agri- 

™The'more important reasons why tulfor- 
culosis of poultry should he 
may be stated briefly as follows; (1) al- 
fecied birds are unthrifty; ( 2 ) tuberculous 
chiiens are undesirable tor human tc^. 
(3) diseased birds produce fewer eggs, ( > 
tuberculous cliicltens frequently ate the 
source of tuberculosis of sheep 
pecially swine; and (5) av.au tuberc e 
bacilli are capable of sensttiung catue to 
mammalian tuberculin. 

The indictment against the tutocu^s 
chichen is serious, and nothing ^tas 
oSered to refute the fact tliat a 
Ions bird is an undesirable member of tM 
farm economy and as such shou 


eliminated. Unfortunately, in 
Stales the presence of tuberculosis of chick 
eS “miuues to be accepted with a cemin 
complacency, and we have ” V'J “ 

tomfulate a PT Sset' 

can be expected to eradicate the d>s'“'- 
The notemtthy results obtained in the 
.«,rsm for the eradication of bovine 
tutoculosis should stimulate the attack on 
the disease in chickens. 

incidence and geographic 
distribution 

¥rper^e“1ouftrarSewhere. Althou£ 

■^:it■^d“StefSem^rrrke’kdifc^^^^^^ 


wature chickens inspected 

And Hurabei Condemned lor Toberiulosis 
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in which the disease is most prevalent in- 
clude North Dakota, South Dakota, Kan- 
sas, Nebraska, Minnesota, Iowa, Missouri, 
Wisconsin,® Illinois, Michigan, Indiana, 
and Ohio. Although no data are available 
as to what percentage of individual chick- 
ens in the states just mentioned are tuber- 
culous, there are available figures that in- 
dicate that in some areas more than 50 
per cent of the flacks may he infected. The 
incidence of the disease in the western and 
southern states is quite low. The expla- 
nation for this is not entirely obvious, al- 
though there are several possible con- 
tributing factors such as climate, flock 
management, and duration of the infec- 
tion. The maintenance of large flocks in 
the north central part of the United States 
and the necessity, for climatic reasons, to 
keep the birds closely confined during 
winter months provide favorable condi- 
tions for the spread of and continuation of 
the disease. 

The difficulty of tuberculin-testing ail 
chickens in the United States, or of testing 
even a majority of the flocks, makes it im- 
possible to obuin exact data on what the 
incidence of tuberculous infection of chick- 
ens really is. However, figures are available 
as a consequence of various surveys (hat 
indicate in a general way the extent of 
the infection. Information obtained from 
such sources su^ests that the over-all in- 
cidence of tuberculosis in poultry for the 
entire United States is gradually receding 
and is probably less than 5 per cent. 

These figures may be misleading unless 
it is remembered that the incidence of in- 
fection varies greatly in different sections 
of the country. In the heavily infected 
western North Central States, where the 
disease is most prevalent, a conservative 
estimate would place the percentage of 
flock infection in some areas as high as 50, 
whereas in the northern Atlantic States, the 
southern Atlantic States, the South Cen- 

•Aaoiding to Hastings and Halpm (1915). m- 
berculosis was not recognized by the Agrioiliunl 
Experiment Station o£ Wisconsin as occuniog in 
poultry flocks of that state prior to igos 


tral States, and the western states, the per- 
centage of infection is negligible (Fig. ill). 
The infection rate varies greatly for indi- 
vidual flocks in the United States, from less 
than 5 per cent to as mudi as 95 per cent. 

Hotv reliable data may be as indicative 
of the exact situation regarding the prev- 
alence of avian tuberculosis throughout 
the entire United States is difficult to ap- 
praise. If there has in fact been a signifi- 
cant reduction in the prevalence of the 
disease, it is probably due in considerable 
part to the changing concept of poultry 
husbandry. During the past several years 
increasing emphasis has been placed on the 
commercial desirability of young rather 
than adult birds. However, it is not likely 
that the prevalence of the disease has 
changed appreciably among long-estab- 
lished farm flocks where poultry is main- 
tained more or less incidental to general 
farming operations. 

As in the United States, the incidence 
of tuberculosis of chickens varies greatly 
in (he different areas of Canada. From 
available dau the incidence of infection 
in the different provinces varies from 1 
per cent to 26 per cent. The disease occurs 
to only a limited extent in the Panama 
Canal Zone and has been observed but 
infrequently in Chile, Cuba, and Puerco 
Rico. The disease has not been reported 
from Colombia. 

Considerable information concerning tlie 
incidence of avian tuberculosis in Europe 
is available. In Bulgaria the incidence of 
the disease is relatively low. The disease 
is rather prevalent in England and to prob- 
ably a less extent in Scotland. Adequate 
information regarding the incidence of the 
disease in France is not at hand. However, 
the disease does exist in that country. Data 
from German sources prior to ^Vorld 
U indicate that avian tuberculosis svas ex- 
tremely prevalent in the German Reich 
and that the disease constituted a serious 
handicap to the poultry industry of that 
country. Tuberculosis of chickens is praC" 
tically unknown in Greece, infrequent in 
Switzerland, and apparently of rare oc- 
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currence in Italy. The disease "> 

Spain and seems to have f 
proportions in certain of the Baltic Sutei 
AvL tnbercnlosis is of 
rence in certain districts •>' Norway. The 
disease occurs in Holland and “ W"""''' 
on the increase in Ciechoslovalua and Bes- 

“ Avian tuberculosis has been observed in 
a few instances in Indonesia, but d “ “P- 
parently rare or nonexistent in th^hiltp- 
pines and in the state of Israel. 5 ^ 

Le has been noted in the Union of Sou* 
Attica and in New Zealand. In China there 
is a question whether *e disease exists at 
all, although in Mukden *ere is evidence 
*at *c infection is fairly common. 

Age in relation to incidence. Aside from 
*e induence of climate and *e " 

environment, the incidence of 
also depends upon the age of 
This is well illustrated by the 
data." Twenty.eight farm poultry * 

one county in Illinois were “>>etimhn 
tested, and fourteen, or 50 per cent of *e 
flocks, were found to contain tuberculous 
birds. In these flocks *e infulbnce of tu- 
berculosis among a total of 1,476 hens more 
than one year of age was 11.1 per cent. In 
1,056 pullets (less *an one year 01 a^j m 
*e same flocks, the incidence o in 
as deletmined by *e iu^crcuhn es 
0.19 per cent. Hays (I 929 )^‘u“"d »mong 
40,073 chickens tested in Ncbtas^ “ Lnt 
incidence of tuberculosis was 9.3 per 
When the tuberculous birds were • 
sidered in relation to the differen g 
groups, it was found that 77.6 per cen 
the infected chickens were more than one 
>ear of age and 22.4 per cent were one year 
of age or less. . . . 

These data confirm the view that tuber- 

• According W Dr. ]- 

of Veiennary Insutuie, Tel-Aviv, 5“ com- 

not exut among chickens in Israel (personal com 
municaiion to the author. 1951). occunenee 

‘For a more detailed account of 
of tubetculosu in chickens ( 19 M)- 

tsoitd, consult the monograph ,*,» late 

•Infonnaiion loppVi^ ®any ^ears p ^National 

11. R. Smith. Lihvstock Coniiai»‘°"®^' 
li\estock Exchange, Chicago. 


culosis becomes more prevalent as the ^ges 
birds advance. There is evidence 
that indicates, however, that ^ 

less likely to succeed if exposure is delayed 
“lil fc chickuns reach *e state ol ma- 
turitv and that the disease when present 
in adult birds represents in most instances 

older birds the disease has ^ 
^pknnriunitv to become established as 

That generalization of formi* 

E“=Bk=?."i 

*e contmuance of the dtsease. 


the causative agent* 

Morphology. The "“P°“‘ ' 

aviau mber^losi. « as 

JtycoEoclermm and ,i kn 

SrSrorrorS’ni.misit.acid- 

i.r u., uoufj-nJ r— 
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fastncssJ The organism is capable of con- 
siderable pleomorphism, this feature being 
dependent on the character and chemical 
composition of the medium on which the 
bacteria arc grown. While the organisms 
are bacillary in character, tvith perfectly 
straight forms usually present, clublike, 
curved, and crooked forms are also usually 
seen in most preparations. Branching in- 
frequently occurs. Most of the bacteria 
have rounded ends. The bacteria vary in 
length from 1 to 3^. and the aterage length 
has been determined to be 2.7;* Spores are 
not produced, and the organism is non- 
motile. 

Reproduction of the avian tubercle 
bacillus is by simple fission. The existence 
of a filter-passing form of the avian tubercle 
bacillus has not been established Spherical 
or conical granules occur in the endo- 
plasm. These usually occur anysvhere along 
the length of the bacterium. Whether or 
not the avian tubercle bacillus is capable 
of giving rise to forms comparable to 
Mu^'s granules is uncertain. Although the 
avian tubercle badllus will grow and re- 
tain iu virulence under a variety of at- 
mospheric conditions, the organism is gen- 
erally considered as aerobic. 

The avian tubercle bacillus is not as 
exacting in its temperature requirements 
as are the human and the bovine forms of 
the organism. The asian form of the ba- 
cillus will grow at temperatures ranging 
from 25® to 45® C., although the most 

'The Taelil-Neelsen method of tlainiDg tubercle 
bidlli: 

1. Cover a fixed film or imear pieparalion with 
Ziehl-Neeben'i caibolCuchtin (piepatcd by adding 
10 cc of a taiuraied alcoholic wlulion of basic 
fuchsin 10 90 cc. of a 5 per ceni aqueou* solu- 
tion of phenol). Sieam genily but continuously 
for 2 minutes. 

2. Wash in water and remote the uncorntnned 
slain by applying an excess of acid alcohol (pre- 
pared by adding 2 cc of hvdrochlonc acid to 98 cc 
of 80 per cent alcohol). Dccoloriialion should be 
complete In 10 to 20 seconds 

S. Wash in water and counientain with Lofflei'i 
methylene blue for S to 5 seconds. 

4. Wash in water and dry Examine with tlie oil 
immersion lens. 

Tubercle baoUi and other mycobacteria itain 
bright red: other microorganisms stain blue. 


favorable temperature is between 39° and 
40° C. 

Cultural distinctions. The avian tuber- 
cle bacillus is not a difficult organism 
to cultivate artificially. Stock strains will 
grow on most solid mediums although for 
original isolation of the organisms from 
naturally infected material one of Ae 
special mediums designed for culturing 
tubercle bacilli is desirable. Glycerinated 
or nonglycerinated mediums are satisfac- 
tory, but the resultant colonies are larger 
if the medium contains glycerin than if it 
does not. After a culture has been obtained 
on solid mediums, subcultures usually will 
succeed in liquid mediums. 

On mediums containing whole egg or 
egg yolk seeded with material prepared 
from tuberculous tissue and incubated at 
37 5® to 40® C., the bacteria usually wnl 
become evident in 10 days to S weeks^ as 
small, slightly raised, disaete. grayish- 
white colonies (Fig. 12.2). If the inoculuni 
is rich in bacteria, the resultant colonies 
will be numerous and may tend to coalesce 
into granulated masses, but there is slight, 
if any, tendency for the individual colonies 
to spread. The colonies are hemispherical 
and do not penetrate into the substance of 
the medium. If the medium contains glyc- 
erin, the colonies gradually change from 
grayish-white to light ocher. The color be- 
comes darker as the age of the culture 
increases. 

Subcultures on solid mediums show evi- 
dence of growth within a few days and 
reach a maximal development in three to 
four weeks. Such cultures usually appear 
moist and unctuous, the surface eventually 
becoming roughened. The growth is trans- 
lucent and has a creamy or sticky consis- 
tency; it is readily removable from the 
underlying medium. 

Other biochemical characteristics of 
avium are: test for niacin is negative, hign 
catalase content, test for peroxidase usually 
negative, and failure to hydrolyze Tween 
80. . 

In liquid mediums, such as glycennateo 
broth, growth occurs at the bottom as wel 
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at at the surface. The surface P»“ f ’ 
represented by a delicate filmy P'" 
which, a$ growth continues, becomes thic 
ened, slightly wrinkled, and " 

■■ring” of growth extending upward from 
the surface often occurs on the 
of the flask. Even after prolonged incuU 
tion, if the growth is not «ntamma^. 
the medium remains clear. The ^ . 
finally becomes golden yellow and gives 
off a characteristic odor. 

Although most strain, of Mycobaclenum 
avium are smooth and moist w . . 

isolated, cultures of avian tubercle 
have been noted that were rough, ’’1’’ . 
crumbly. The occurrence of such slrai 
is sufficient reason for caution , 

ing the type of any tubercle bacillus with- 
out tests for pathogenicity. 

In vitro, the avian tubercle ** 

capable of dissociation. By thu p ^ , 
non marked variations in the physica 
acter of the colonies become „ 

following variants have been noted: & o 
smooth, which produces a raise , sm . 
moist growth: ‘TS” or flat and “ 

uhich the growth is slightly ^ 

moist and in which the colonies 
than those of the “S” variant: 
rough, in which the colonies are lar^ 
and^yrinklcd; and ’‘CH" or chromog^ic 
The last-named is physically no 


FiG. 12.2 — Mycobocterium 
avium. Primary isolation 
cultures showing »he en- 
honeement of growth in 
the presence of glycerin 
(two slants at left) in com- 
parison with growth on 
Senglyurinoied medium 
(two slants at rigntJ. 


.he "S" variant except that the colonies 
‘’indSn .0 the P>-y“«y®™‘5! 

fh.. markedly dissimilar R ’ 

Jhere» the "CH” variant is essenttally 

”s,Sy of types. Although nearly all 

st^hB of avian tubercle badlh posseoi *= 

tensucs necessary ^ ® . c myco- 

?rrn"ri™rfaU£^~^^ 

""^s'^a^reutseWes — 

„„tend that the ’fj, gUe and 

cle bacilli are not y“?„.o a». 

that transmutation of one yp 
other may occur as a controver- 

ronmenul adaptation. This is a 

ia»o, 1958). 
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sial question, and while it remains unset- 
tled the balance of evidence is strongly on 
the side of stability.® 

Antigenic properties. Although the hu- 
man and the bovine forms of the tubercle 
bacillus are serologically indistinguishable 
by either the agglutination or the comple- 
ment-fixation reaction, the antigenic struc- 
ture of the avian tubercle bacillus is unlike 
that of the mammalian forms and may be 
distinguished from the latter by agglutin- 
in absorption. However, avian tubercle 
bacilli do not constitute a homogeneous 
group. There exist at least three avian sub- 
types that can he distinguished serological- 
ly.*® Distinguishing precipitins have not 
been demonstrated. 

Sensitivity in vitro to certain antimicro- 
bials. The antimiaobial sensitivity of a 
strain of biologically proven Af. avium 
isolated from a patient affected with pul- 
monary silicosis was reported by Karlson 
and associates (1955). It was determined 
that the microorganisms were resistant to 
10 but not to 50 micrograms of streptomy- 
cin, to more than 10 miCTograms of para- 
aminosalicylic acid, and to more than 40 
micrograms of isoniazid per milliliter of 
medium, respectively. It was mentioned 
that the respective sensitivities recorded 
for the three antimicrobials were charac- 
teristic of avian tubercle bacilli. 

CHEMISTRY OF THE AVIAN TUBERCLE 
BACILLUS** 

The avian tubercle bacillus contains 
carbohydrates, lipids, and proteins, all of 
which, according to Sabin (1932), play a 
part in the cellular reactions of tul«rculo- 
sis. Some of the carbohydrates are readily 
extractable: oftiers occur m chemical com- 

* Observations on what appeared to be a tem- 
porary modification o( avian tubeccle bacnii in 
naturally infected crows were reported by Mitcbcll 
and Duthie (1950) and in wood pigeons {CoJumba 
palumbus) by McDiarmid (1918). 

’‘For a detailed account of the antigenic features 
of Af. avium determined serologically, the report by 
Rouch (1947) may be consulted. 

“ This section was kindly prepared by Dr. Eunice 
V. Flock, Ma>o Graduate School of Medicine, Roch- 
ester, Minnesota. 


bination as, for example, the polysac- 
charides, manninositose, and trehalose, 
which are esterified with fatty acids. Ren- 
frew (1929) has studied the carbohydrates 
which may be extracted with water from 
the defaued cells. The fraction, 1.4 per 
cent of the defatted cells, which may be 
precipitated with basic lead acetate, is 
smaller than the similar fraction from tu- 
bercle bacilli of the human type. Chargaff 
and Moore (1944) have isolated glycogen 
from avian tubercle bacilli by high-speed 
centrifugation. Renfrew reported the pres- 
ence of about 10 per cent nitrogen in the 
defatted cells, of which 4.4 per cent is in 
water-soluble protein which possesses the 
characteristic biological activity of tuber- 
culin, and 34 per cent is in protein, soluble 
in dilute alkali, with a much larger quan- 
tity remaining undissolved. Using another 
procedure, Menzel and Hctdelberger 
(1938) isolated four fractions of proteins 
which gave a total of 14.2 per cent pro- 
tein in the dried defatted cells. By serologic 
experiments, they demonstrated definite 
differences in specificity between the pro- 
tein fractions of the avian and the corres- 
ponding protein fractions of the human 
and bovine types of tubercle bacilli. 

The lipids of the tubercle bacilli have 
been studied extensively by Andenon 
(1942) and co-workers. With mild methods 
of extraction they (Anderson et al., 1930a 
and b) found the lipid content of dried 
avian tubercle bacilli to be 15.26 per cent; 
by more vigorous extraction, they (Ander- 
son ct at., 1940) obtained an additional 
10.8 per cent of firmly bound lipids. The 
lipids that are extracted by the mild 
treatment are phosphatides, acetone-sol- 
ddie'Uc, anh cn’ioro'torm-solub'le wax.^'l^t 
avian tubercle bacillus contains smaller 
quantities of phosphatides and acetone- 
soluble fat and a much larger quantity of 
the Gnnly bound lipids than does the 
human type tubercle bacillus. 

Like other luberculophosphatides, those 
from avian tubercle bacilli contain low 
percentages of phosphorus and nitrogen 
(Anderson et oi., 1930a and b). The fol- 
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lowng fatty adds are found: pafmiiiti 
stearic, oleic, and a new group of saturated 
liquid fatty acids. The fatty acids are cs* 
terified with manninositose instead of gly- 
cerol. The saturated liquid fatty adds re- 
semble tuberculostearic acid from the hu- 
man strain in their biological activity. In 
the neutral fat, the fatty acids are esterified 
with trehalose. 

The crude chloroform-soluble wax ex- 
tracted from the tubercle bacillus ac- 
counted for 70.7 per cent ot the total lipids 
(Anderson and Roberts, 1930a). The wax 
contained two optically active hydroxy 
acids or mycolic acids of high molecular 
weight whidi had the property of acid fast- 
ness (Anderson and Creighton. 1939). 
Trehalose and d-eicosanoI-2 were also 
found in the wax. Later two waxes C and 
D were described. Wax C consists mainly 
of unusually long chain fatty acids which 
are esterified with polyhydroxy compounds 
such as phthiocerol, glycerol, and trehalose 
to form lipids of relatively high molecular 
weight, ranging from 1000 to 3000 (Noll. 
1557; Miquel et al., 1963). Wax I> contains 
high molecular lipopolysaccharides includ- 
ing 4 mycolic adds, galactose, glucose and 
arabinose. 

Specific glycolipids called mycosides 
(Smith et al., 1960) have been found in 
eihanoleihcr extracts of tubercle bacillus. 
Mycoside C produced by Myco&acteriwm 
ovium differs from other mycosides in that 
»t contains a peptide. Three different 
^i-pfceny^a’iaiime, a^lo-Aeo- 
nine, and D-alanine are linked in a penta- 
peptide. The sequence of amino acids has 
been determined QoHis et al., 1961). A 
mixture of unsaturated hydroxy acids and 
two molecules of acetic acid are also present 
m mycoside C. Individual strains of My- 
cobacterium avium appear to produce mix- 
tures of glycolipids with the same monosac- 
charide units but it is possible that varia- 
tion occurs in the proportion and types of 
monosaccharides from strain to strain (Mac 
Lennan, 1962). Eight sugars have been iso- 
lated from mycoside C, glucose, arabinose. 


rhamnose, 3-0-methyIrhamnose, 2,3 and 3,4- 
0-methylrhamnose, 6-deoxytalose, and 3-0- 
methyl-6-deoxytalose. 

Konno (1956) has shown by a direct 
qualitative chemical method that M. avium 
does not synthesize nicotinic acid. A 
modification of this test by Runyon et al. 
(1959) i$ recoramended.t^ 

SUMMARY OF OfSTiNGUISHING 
FEATURES 

The more essential features that dis- 
tinguish avian tubercle bacilli from the 
human and bovine forms of the organism 
are summarized in Table 12.1. Although 
in most instances differences in the physi- 
cal properties are sufficiently impressive to 
separate the avian from the mammalian 
forms of (he tubercle bacillus, in aitical 
work in which convincing proof of Iden- 
tification is desirable the animal inocula- 
tion method is the procedure of choice. 
In other words, pathogenic behavior is 
more important than physical characteris- 
tics in revealing whether or not an add- 
fast organism is the avian, human, or bo- 
vine form of (he tubercle bacillus. 

PATHOGENICITY FOR OTHER FOWt 

All species of birds are capable of being 
infected with avian tubercle bacilli. Some 
species are more susceptible than others, 
and generally speaking, those that are do- 
mesticated are affected more frequently 
than those living in a wild or free state. 
Among the domesticated fowl other than 
chickens in which tuberculosis may occur 
are ducks, geese, swans, peacocks, and tur- 
keys. Although tuberculosis occasionally 
develops in domestic pigeons as a conse- 
quence of infection with avian tubercle 
bacilli, there Is evidence that pigeons are 
more resistant to the infectious agent than 
are chickens. Parrots and canaries may be 

“Those interested in a comprehensive account 
of the chemic.'il aspects of the growth and metalKs- 
lism ot ttihercie bacilli, the chemical feaiiires of 
tnberculosis tissue, and the more important chemo- 
therapeutic agent* used in treating tubercuiosis in 
buman beings may consult the autboricacive treatise 
by JLong (Z95S). 
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TABLE 12.1 

SuMMACiy OF Essentiai. DiFFSSBNCEa BsTWECM Avian, Human, 
AND Bovine Foems or the TbaERCLB Baciixus 



Avian 

Human 

Bovine 

Growth in egg 
medium (with- 
out glycenn) 

Grows readily. Culture 
moist and unctuous 
(Optimal temp. 40® C. 

Grows tvelL Culture 
dry and roughened. 
Optimal temp. 

37.5* C. 

Grows slowly. Culture 
thin and without 
pigment. Optimal 
temp. 37.5® C. 

Growth in Uqutd 
medium 

PtiBcle iotmawon viith 
crumbly granular 

1 growth at bottom 

FeUiclc foncadoa with 
growth linuted to 

Pellicle formation with 
growth limited to 
surface 

Miscibility with 
saline solution 

Suspension easy. 

Organisms unUomity 
distnbuted 

Suspen^n difficult. ! 

C3igan!sms form 
dumps 

Sumension difficult. 
Organisms form 
clumps 

Tuberculin 

sensitivity 

More intense ten- ' 

homologous 
tubercubn 

More intense far 
matrunalian 
tuberculin 

More intense far 
mammalian 
tuberculin 

Pathogenlaty* 

Virulent for chickens 
and rabbits Sbgbily 
pathogenic for 
guinea pigs 

Noopaihogenic far 
chiekens. Markedly 
virulent fat guinea 
pigs but only slightly 
to for rabbiu 

Noopathogenic for 
chickens. Markedly 
virulent far ninea 
pigs and rabbits 


* VVIiin caOB^ (ub«rel« baeiUt (be pachogemcity, chicicoi and rabbits should be inoculated Ifi* 
travenously; guiaea pigs, subcutaneously 


infected with avian tubercle bacilii, but it 
is the general impression that these species 
are less susceptible to avian tubercle bacilli 
chan to the mammalian forms of the or- 
ganism. Naturally acquired Af. avium in- 
fection in a small flock of Muscovy ducks, 
and human type tuberculosis in an Amaton 
parrot, presumably acquired from a tuber- 
culous person, were reported by Hinshaw 
(1933a and b). 

Among wildfowl, tuberculosis is uncom- 
mon. However, in wild birds lhai fre- 
quent farm premises where tuberculosis 
is prevalent in chickens, the disease may be 
expected to develop. Pheasants seem to be 
markedly susceptible to infection by the 
avian tubercle bacillus, and the disease has 
also been observed in the sparrow, the 
crow,i* the bam owl, the cowbird, the 

"fcfitchcU and Duthie (1950) rcpoiced tuber- 
culosis in per cent of 263 cto»« (Corvu* braeh’ 
ytynchos). The birds i»ere obtained from western 
and from northwestern Ontario. Of the 25 infected 
oows observed, tuberculous lesions occurred la the 
livers of 23, in the spleens of 8, in the lungs of 2. 
and elsewhere in 4. 


blackbird, the eastern sparrow hawk, and 
the wood pigeon.** 

Tuberculosis is common among birds in 
many zoological gardens. In the unnatural 
environment of captivity, the incidence of 
the disease frequently equals or even ex- 
ceeds that for the domestic species of fowl- 
The infectious agent in practically all in- 
stances is the avian tubercle bacillus, al- 
though a few instances have been reported 
of birds being infected with heterologous 
strains of tubercle badlli. Tuberculosis in 
the parrot is usually due to either the hu- 
man or the bovine type of bacillus. 

Some years ago, Ratcliffe (1946) pre- 
sented convincing evidence that frequency 

“Some jean ago, a mjcobactetial, tuberculosis- 
Iske disease of the migratory wood pigeon (Colu™* 
b# 'poiumbus) was leponed from Denmark hy 
OiTuiiansen elAnl. (19-16). Later, what 
to be a similar condition wjs reported in Englafu 
by McDiarmid (1948). The Danish workers failed 
to transmit the infection experiroentalfy. or to cul- 
ture the organism artjficiajf)’, wJiereas McDianmd 
stcoeeded -in cuUuting the orgamsiu and observed 
a testoration of virulence after serial passage m 
iwo. 
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TABLE 12.2 

COMPARATIVE P.T«OOEN«aTV OF 


Certain Mammals 



Guinea pig 
Hamster 


oi ipcidepce oi lubercalosis m “P"'' "‘'i 
bird, wai related to dietary lactors that are 
remediable. Following the change diet, 
to provide adequate protein, '’■■a®'" . 

complex elements, ''■“nuns A and D, 
iodized salt, the frequency 
the bird collection oi the 
logical Garden was reduced significantly. 

PATHOGENICITY FOR WAMMAIS‘» 

The bacterium responsible for 
losis ol fowl has a 

{or some important species o£ o . .. 

mammals and at least a slight^ '^^ffnizcd 

for others. This fact should he . 

more widely i£ Uie problem 
tuberculosis infections is to be 
inielligenily and eventually 

Under conditions o£ natural ex^ure U 


unuer conaiuoiis o*. — ; » ,-ndve 
is very exceptional £or aggressive, ei^iemi« 
tuberculosis to develop in mammaU other 


“A more niamn»»l^‘W Ije 

maty ot a\un tubercle *•**' 

found in Uie monograph byj^ld otinence 

and WinVel in 'Viiconsm report^ aW^ae»e»l 
of tuberculoilj due to W- i*i» aulhot*. 

cpm. wild nldt (1937). A^'ding to il^J^ 
Ihl a.w.o: iSood “Trlo'U.t* ."d 

paie and topaie<»rricr mink, a**® . . “ » 
uhltei but not in aleutlaru 


,r »th«r Wuefc” 


S“o?’^rhrio»2| 

fails in most instances to produce 
Si i. Id pmducc cxlcmive 

summarued m Table 1^. - 

CaiUc. Ckjncemmg the abuuy 

ISd iimM>dSCnid^'“ “'i', 

aiian luberde bacilli ate cicr rci) 
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for (Jcitrucii%c. widespread, or generalized 
tuberculosis in cattle is not definitely 
known.** (3) The avian tubercle bacillus 
is apparently capable of parasitic existence 
in the tissues of cattle without necessarily 
giving rise to recognizable tissue changes. 

I low ever, when lesions o«ur they show the 
structural diangcs ordinarily associated 
with tuberculosis. (1) Following natural 
exposure to avian tubercle bacilli, cattle 
may become sensitized to avian tuberculin, 
and some of the animals may react to mam- 
malian tuberculin also. (5) The interpre- 
tation of the tuberculin test in cattle is 
made mote dilTicuU and uncertain if 
tuberculous svvinc or poultry exist on the 
same premises (Feldman, 1060). 

Swine.*’ In an infected environment 
swine readily become infected with avian 
tubercle bacilli. Since Uie beginning of 
federal tupenision of abattoirs in the 
United States, it has been noted that the 
incidence of tuberculosis in swine exceeds 
Uiat in cattle. For example, among ap- 
proximately G7.1 million swine slaughtered 
and federally inspected during the fiscal 
year ending June 30, 19C2, paru or the 
entire carcasses of 1.51 million or 2.23 per 
cent of the animals vsere found to be 
tuberculous. This is in marked contrast to 
Uie incidence of tuberculosis in cattle. 
During the same period of time, the car- 
casses of approximately 20.1 million cattle 
were examined post mortem and tubercu- 
losis was found among 1.979 or .01 per 
cent.** The ratio of the occurrence of in- 

“Timonry tl939) rrporttd in iniiance In which 
tubcicle lacJlU prottn by proper tou of piiho^ 
niaiy to be avun wete obtained from the tubems- 
>i>u« odder of a 7-)ear-oId row. The trpors abo in- 
clude* a valuable mirw of the liimiuie peicainine 
to infecuon of cattle by the orcaniutu of arian 
tubcTculoui. Fincher rf ef. (I95t) reported an 
iruiance of avian lut>erculuii Inlection of the 
cntbtal and ipinal locninjc* and ibe utenu of a 
S yeat-oUl Cuciiucy oow. 

“ For a detailed account of lubcxtulosif of iwioe, 
the report by Karlvon <1941) may be coruuUrd. 

** [A(ncullure DeMrtmenij Meat Inspeccioa Di- 
viuon, Artvcultunl Roearch Service, VSJD^ Agti- 
cultuiai Research Service 9S-2-4. U.S. Covemmeoi 
Piintins Office, Waihin^ton. D C. (I9GZ}. 


fection for the two species was 225 to 1. 

The explanation for the marked differ- 
ence in the incidence of tuberculosis in 
swine compared to that in cattle became 
apparent many years ago when it was es- 
tablished that more than 80 per cent of the 
infections in swine were due to tlie bacillus 
of avian tuberculosis. Furthermore, it was 
recognized that a significant correlation 
existed between live incidence of tubercu- 
losis in swine and the frequency of the dis- 
ease in poultry in the areas where the in- 
fected swine originated. 

The fallacy of expecting tuberculosis of 
swine to disappear with the elimination of 
tlic disease in cattle is obvious. Tubercu- 
losis will remain an unnecessary economic 
burden on swine husbandry until the dis- 
ease is eliminated from chickens and other 
barnyard poultry. That the incidence of 
tuberculosis in swine in the United States 
is gradually but definitely lessening is in- 
dicated in Table 12.3. 

Human beings.** The literature con- 
uins a considerable number of insunces 
In which it was claimed that avian tubercle 
bacilli were responsible for a tuberculous 
infection in human beings. Very few of the 
published reports of such cases contain 
unequivocal proof necessary to substan- 
tiate the contention that avian tubercle 
badlli were the agents responsible for the 
condition described. As a matter of fact, in 
only a relatively small number of instances 
has Uie evidence necessary to prove an 
avian type of infection in man been pre- 
sented.** The rarity of such cases can only 
indicate that human beings are extremely 
resisunt to this form of the tubercle bacil- 
lus. 


•Deiiiled accounts ol avian tubtrculoiU Inlee- 
turns In human Wings have been published pt*" 
viouily by Fontana (I9J5). Feldman (1958 and 
1947), and Rich (1951). Abo see Table IZ2. 

"Several proven cases ol infection of human 
bonp vriih avian type tubercle baoUi have been 
icponeJ during the past few yean. For detail* see 
Bradbuiy and Vouni(l'H6). Finlayson (1!M«), Drsif 
iledt (1949). Rarlson and asiodatcs (1953. 1955). 
Funuu el «/. (jsoij. and Cheung and RonK (1963). 
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table 12.3 

Incidence of 

From rleta c.mpJrdb). ^ AgAuW 


1962 

1961 . . . 

1960. . 

1959.. . 

1958 

1957 

1956 

1955.. . 
1954 
1953 


67,109,539 

64,209,639 

70,494,437 

63,870,479 

59,202.889 

62,238,519 

66,779,920 

57,055,438 

50,295,636 

57,391,886 


1 Swine Affected 
by 'Tuberculoiis 

1,513,126 

1,587,938 

1,706,136 

1,781,271 

1,645,683 

1,848,466 

2,064,082 

1,898,917 

1,963,276 

2,480,293 


I Per Cent of 
Swine 
AiTected 


2.97 
3.09 
3.33 
3 90 
4.32 


C H. PaB. Meat Inspection 

•DaUk received through the courtesy o 

Division, U.S.D.A. 


SOURCES OF INFECTION 
In most instances the presence o! tutar- 
culosis in a farm Roclt can be 
by the fact that the flock is maintained m 
an unhygienic environment where 11“'“'“ 
birds have been kept lor many years pr^ 
viously. 0£ course the introduction oi new 
adult stock from sources where luber^ 
losis exists is a hatardous procedure and 
may be the means o£ transmitting ® 
ease to a previously healthy hoc 
new flocks are to be established from 
sources other than hatcheries, . 

ceedingly important that the new s ^ 
from sources where it is definite ^ . 

that tuberculosis does not exist. . . 

possible source o£ infection is , 

garbage that may contain the o 
tuberculous fowl and tnmmmgs 
tuberculous swine carcasses in which tne 
infectious agent was the avian lubercie 
bacillus. , 

Chicks hatched from eggs la* . ^ . 

naturally infected with tuberculosis are M 
lieved by some to constitute a ac o 
transmission of the disease. 
the present time there is 
evidence that tuberculosis is , 

introduced into a flock in this roa 
other words, baby chicks, regar ess 


likely to become tuberculous. 

SYMPTOMS IN CHICKENS 

In attempting to recognize tuberculosis 
in L S bird, it should bt borne m 

mind lhal b“‘ m 'a pra^ 

oedieM way oi diagnosing the disease with 
Sm, is by postmortem examination. 
¥he lesions ar J fairly charaetensuc and not 
likely to be contused with other pathe’d^' 
Stions. However, 

manitesr certain symptom, 'hat. when » 
tiidered with other factors, constitute prj 

i£ the disease be at all prevalent 
several or most of the symptoms may 
evident in different birds. _„tract. 

Since tuberculosis ^ Uj. L to be 

ed couKC. the disease is more hit y 

«Ia Nirway. Wheie wild”b1rdH 

ease has been found m avian tuber- 

WTds may amount for oiub k ^H^y- 

calosU in swine and pouury 
briten. 1959). 



detected during life by careful and re- 
peated examination than by a single cur- 
sory inspection. The incubation period is 
usually long, and since objective sigtu arc 
absent in the early stages of the disease, it 
is usually not possible to diagnose the 
malady at that time unless resort be had 
to the tuberculin test. 

Ordinarily, if the disease has progressed 
sufficiently to affect the physical condition 
o! the bird, the animal will be less lively 
than Its mates. If the disease is in an ad- 
vanced stage the affected fowl fatigues 
easily and appears depressed or languid. 
Although the appetite usually remains 
good, there commonly occurs a progressive 
and striking loss of weight which often 
amounts to emaciation. The thinness of 
llie tuberculous bird is especially notice- 
able in the muscles of the breast (Fig. 
12.3) . The pectoral muscles are often in a 
state of complete atrophy, and as a con- 
sequence the keel or breast bone becomes 
strikingly prominent and may be deformed 
In extreme instances most of the body fat 
eventually disappears, and the face of the 


affected bird appears smaller than it wou 
normally 

As the disease progresses the feathers as- 
sume a dull and ruffled appearance. 
comb, wattles, and ear lobes often ^ecom 
anemic and thinner than normal, . 
uncovered epidermis has a peculiar dry 
ness. Occasionally, however, the comb an 
wattles have a bluish discoloration. Icterus, 
indicative of hepatic changes, may ce 
noted. 

Unlike tuberculous infections in tn^ ^ 
of the mammals, and contrary to e 
opinion of some writers, the disease in 
chickens apparently does not induce 
febrile state. Even though the disease i^ 
most severe, the temperature of the affec e 
bird remains within the normal rang^ 
many instances the bird, when force 
move, reveals a unilateral lameness a 
walks with a peculiar jerky, hopping g^i • 
This alteration of the gait, which app2 
to be characteristic, is probably due 
tubeiculous involvement of the bone m 
row of the leg. Infrequently a wing m j 
droop as though paralyzed, owing to 
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tuberculous involvement o£ tlm hutncOTl 
scapulocoracoid articulation. Th' 'ea™ 
in this situauon may rupture arid dischar^ 
thin or caseous material. Paralysis doe to 
tuberculous arthritis sometimes occun, but 
this is not a frequent symptom ol the dis- 
ease. 

I£ the affected chicken is greatly emaci- 
ated, one may detect nodular masses along 
the intestine by palpation of the abdomem 
The great hypertrophy of Uie liver V 

tuberculous birds, however, may 
procedure difficult or impossible. In about 
10 per cent of tuberculous chickens on 
may recognize the disease by palpation ol 
the involved thymus glands. The crop 
should be empty if this procedure ts 
sield satisfactory results. 

Most tuberculous chickens have esions 

along the intestinal tract, and if ° 
ulcerative, as they usually are, severe dia^ 
rhea that is usually unmanageable resum. 
The enteric disturbance induce an ex- 
treme weakness, and the affected ‘ 

. . ... ribRult ol ex- 


Since the presence of tuberculosis does 
no. pmcinde the co-existence of other d.s- 
eases*^ there are certain conditions that 
be differentiated from tuberen osis. 
These include neoplasia (tumors), tape- 
worm infection, 4 

min arthritic conditions such as may pc 
aaxaliated with fowl cholera, fowl 
™typhoid, or gout. From *= “■‘"‘‘P™?, 
St the pathologic findings, two facts should 
he borne in mind in distinguishing tuber- 
SSln^I from other condition, of chickens. 
Thf.*/* are (11 tbe character and distn 
bmiSi. of the lesions in the abdomen, as- 
sociated in a large percentage “J* 

lesion, in the bone “ 

cuS^ in Iny^olher spontaneous disease of 
chickens. 


treme weaxness, anu me — 
sumes a sitting position as a resul o 
haustion. 


lustion. . , 

The duration of life of ‘he tuberwlous 
chicken is variable. Affected birds m V 
within a few months or may live for y • 
depending on the severity or extent of me 
disease. Death may occur from s ee 
haustion, or the afiected bird may ** 
denly as a consequence of ^ 

from rupture of the affected liver or sp 
But few of the symptoms 
necessarily characteristic of , 

Convincing proof of a tuber^lous • 
tion can be obtained best by neCT p • 
In fact the importance of necropsy or 
tablishing a diagnosis of 
chickens cannot be overemphasued. 
ever, in districts where tuberculous po 
try exists, the presence of the 
suggested by (1) unthriftiness, I ) 1^^ 
gressive loss of flesh in spite of ^ 
petite, (3) the chronicity of the ' 

and (4) the occurrence of the dts ^ 

swine not exposed to mammalian 
bacilli. 


the TUBERCULIN T6ST 

A. nre^nt th, method of choice tor do- 
• „ thp nresence of tuberculosis in 

/1QI4^ When it is administered 

Si-shisrs-js- 

fat"sU?ory procedure for determining 

rm=h.td,"™eclpeten.toadmini. 

aid in the diagnosis and control o 

aSTS’ESES 

25 to 26 gauge. Atoben 
tew fluid ounces o 70 pCT n„eulin 
should also be J^p'^pared for 

be used should be lb 
intradermic use from a 
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FIG. 12.4 » Pe»itiv« rtQctlon In l«fi wetiU of o 
lubercwleu* chicken 48 heurt after inirocuto* 
neeu* injection of avion tuberculin. 


The bird should be restrained so 
that tite head is entirely immobile. The 
site of injection is the svattle. I( soiled, the 
surface of the wattle should be cleaned 
with alcohol; otherwise, cleaning or at- 
tempting to disinfect the skin is unneces- 
sary. The operator grasps the wattle be- 
tween the thumb and forefinger of one 
hand, and with the other manipulates the 
syringe containing the tuberculin- The 
needle of the syTinge then is inserted care- 
fully into the lateral aspect of the dermis, 
and 0.03 to 0.05 cc of tuberculin is forced 
into die tissue. If the procedure has been 
accomplished properly, a small bleb or a 
small diffuse blanched area will appear 
where the tuberculin was deposited. Al- 
though fairly satisfactory results may fol- 
low if the tuberculin is injected into the 
subcutaneous tissue, it is a belter practice 
in all instances to place the tu^rculin 
iniradcrmally. 

"Tuberculin prepared from namtnalian Hiaini 
oI tubercle bacilli mar elicit potiiite reaclioiu to 
tuberculous cbiclens. but the lesulu are generally 
uiiutislactory. Mote Inteaed birds will be terealed 
with the atian product, and the icacuoiis to arian 
tuberculin are usually more pronounced than those 
eliaied with mammalian tuberculin. 


The reaction. After 48 hours the chick- 
ens aie examined and the results recorded. 
Using for comparison the opposite unin- 
jeaed watUe, positive reactions are usually 
easy to recognize, although much experi- 
ence and a thorough understanding of all 
factors involved are essential if the results 
are to be evaluated properly. A positive 
reaction is indicated by the presence of a 
soft swelling in the tissues of tlie injected 
wattle (Fig. 12.4). Not all reactions are of 
equal magnitude; some are small, and some 
result in a pronounced swelling which in- 
creases the thickness of the wattle one to 
five times. The swelling is due largely to 
edema which occurs in the zone of the 
connective tissue which lies between the 
layers of the reflected dermis. To a lesser 
extent the swelling is due to the inaeased 
width of the corium, which is filled with 
closely packed mononuclear histiocytic 
cells, a few eosinophilic granulocytes and 
a variable number of lymphoid cells and 
lymphocytes (Fig. 12.5). If the reaction 
is severe the cellular response occurs 
Uiroughout the corium of the entire wattle. 
Necrosis of the tissues overlying the site 
of reaction rarely, if ever, occurs. Hyper- 
emia of the region of the reaction is not 
apparent, and die swollen wattle is usually 
grayish or pale yellow. After 48 hours the 
swelling gradually subsides and usually 
disappears within 5 days after the tubercu- 
lin was injected. 

Certain aspects of the test may occasion 
confusion to some, and in interpreting the 
results one should keep in mind these 
factors: Fairly frequently a negative re- 
action will result in a bird that is definitely 
tuberculous, and conversely, a positive re- 
sult is sometimes obtained in Sickens m 
which signs of tuberculosis cannot be dem- 
onstrated. In the latter instance, failure to 
find lesions of tuberculosis does not imply 
necessarily that tubercle bacilli are not 
present in the tissues of the chicken. 
the disease is in an early stage, lesions are 
likely to be too small to be noted grossly 
or too few to be found by the ordina^ 
mcUiods of examination. In a satisfactorily 
large number of instances a definitely po**' 
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live tuberculin test in chickens indicates 
that the bird has been exposed to avian 
tubercle bacilli. U a sufficiently diligent 
search is made by methods that are proper 
and adeejuate. the infective bacteria can 
usually be demonstrated in positive re- 
actors. 

Tuberculin is a bacieria-frce subsunce 
prepared from the metabolic product o 
tubercle bacilli and, as used for the i^ 
nosis of tuberculosis in chickens, may 
considered entirely harmless to tuberculous 
as well as to normal birds. Frequently Uie 
question is raised whether or not tuber- 
culin injected into nontuberculous lOW 
may be responsible for a positive 
on repetition of the test in the same bir • 
If retests are done after an interval of one 
month, false positive reactions will not oc- 
cur. In other words, in chickens the usual 
diagnostic dose of tuberculin does not «n- 
sitize the nontuberculous animal to subse- 
quent injections of the same product.** 

The tuberculin test has been uulized to 
a limited extent in diagnosing luberculcws 
of turkeys. However, for the most part the 

“Those interested in the relative value o£ 
cations of the tuberculin test as appl«» “ 
wattles of chichens may consult Unnin (195”). 


FIG 12.5 — Cross sections of 
wattles, (a) Uniojected wattle 
showing the 

five tissue stroma ana tne ep 
idermis of the opposite sur- 
foces. (fa) Wattle of tubercu- 
lous chicken 48 hours after 
the injection of avian tuber- 
culin, showing characteristic 
markedly hyperplostie dermai 
tissue. Both X56. 


rcsulls have been less satisfactory than tor 
chickens Certain dilScullies are encoun- 

tS also i" ?L‘’‘ten 

and docks. Generally speaking, the test s 
ot limited value in diagnosing tuberculosis 

"'RapM^a'^lutinalion test. A 

procedure oi possible diagnostic usefulness 
fn tuberculosis of aickens 
hv the report ot Moses el ni. (1915). The 
SoieSure'^was modified and its practical 
application demonstrated later by Karlson 

'’'Thfpr?ncipal modification introduced 
was the^use of whole blood rather ban 
blood serum. The essentials of the metho 
for conducting the test at the present m 

" oT ScSon ot a suitable strain of avian 

tubercle bacilli f £ will 

gen. The strain should 
produce a uniform and ,/s,ggluti- 

Obviously those s>«.ns that^au^ Jg 
nale ate not acceptabte 3 „,igcm be. 
necessaiy to . "nimble culture 

fore one obtained from a 
is found. j obtained by 

(2) El~d to '",hatpinsm.men.. 

pricking the comb With r 
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FIG. 12.6 — Resulfj of four test* from four differ- 
ent cViickerjt, two of which were tuberculoui and 
two of which were not 

The two preparation* illustrated in the upper 
row show choracleristie agglutination The 
blood wo* obtained from chicken* that hod re- 
acted positively to tuberculin, and lesion* of 
tuberculosis were found at necropsy. Preporo- 
tion* shown In the lower row failed to ogglu- 
tlnete. The negative reaction* agreed with the 
result* of tuberculin tests, end at necropsy le- 
sions were not found. (From Kartson et ol., 
1950. Reproduction by permission of the Amer- 
ican Journol of Veterinary Research.) 


sue!) as the point o( an ISgauge hypo- 
dermic needle. A drop oi the blood is 
mixed on a warm plate with one drop oC 
the antigen. The plate is kept warm and 
results arc recorded in one minute. Tlie 
appearance of negatise and positive results 
is shown in Figure 12.6. 

Limited observations indicate that Use 
whole-blood agglutination test has a diag- 
nostic reliability in chickens comparable 
to the tuberculin tesL This test should be 
a relatively rapid and satisfactory pro- 
cedure for detecting infected (locks. The 
procedure should be subjected to more ex- 
tensive trials since it offers certain practical 
advantages. The animals need to be han- 
dled only once, and in addition, samples of 
blood submitted for agglutination tests lor 
pullorum disease may also be examined for 
the presence of specific mycobacterial ag- 
glutinins.*‘ 


"The reliability of the rapid agglutination test 
as a diatnosiic procedure for ilie dnection of luber- 
cuIosU m turkeys should be explored. 


PATHOLOGIC ANATOMY 

If a proper understanding of the disease 
problem as it affects the chicken flock is to 
be obtained, it is essential that a careful 
necropsy be made of all birds that die. 
Such an examination, if conducted by one 
who has expert knowledge of disease, will 
supply information that can be secured in 
no other way and will reveal the cause o 
death in a large percentage of instances. 
This is especially true in tuberculosis, m 
which the morphologic signs of die disease 
are fairly characteristic. . 

The gross morbid changes associated with 
tuberculosis of chickens that have died of 
the disease are usually strikingly evident. 
If the bird has died suddenly, one fre- 
quently finds the abdomen filled wi 
blood. The liver or spleen or both of these 
organs are greatly enlarged, and the source 
of the blood can be traced to rupture oi 
one of these organs. Since birds suffering 
from leukosis may die as a consequence o 
rupture of the spleen or liver, addition* 
evidence of tuberculosis must be sought nj 
instances in wliich death was due to a fatal 
abdominal hemorrhage. _ . 

The pathologic clianges in avian tube ■ 
culosis are those of an infectious grattu 
loma, and although the lesions have a 
general similarity to those of tuberculon 
in mammals, there are certain charactens- 
tic distinctions. . 

ft should be kept in mind that t e 
character of the reaction of the tissues 
the tubercle bacillus is not determined en 
tirely by the character of the organism, “ 
also by certain indefinite factors which ar 
inherent in the species harboring the 
fection. . 

Anatomic distribution of the 
Since in the majority of instances ^ 

losis of chickens is initiated by vyay 
digestive tract, it is not surprising 
ot^ans other llian the lungs should s o 
the greatest incidence of involveme ^ 
Lesions of the disease are seen most 
quently in the liver, spleen, intestines, a 
bone marrow. The tuberculous hacill^^j 
which probably occurs intermittently a 
perhaps early in most it not all insun 
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of tuberculous infection of chickens, pro- 
tides a favorable circumstance for a wide- 
spread or generalized distribution of le- 
sions. None of the tissues, with the possible 
exception of those of the central nervous 
system, appear to be immune from possible 
infection. Some of the organs, such as ihe 
heart, ovary, testes, and skin, arc affected 
infrequently and cannot be considered or- 
gans of predilection. In one senes of 100 
necropsies 1 found the lungs to be affectcil 
either grossly or microscopically in 48 per 
cent. 

Gross anatomy of the lesions. Grossly, 
avian tuberculosis is characterized by die 
occurrence of irregular grayish-yellow or 
grayish-white nodules of varying sizes in the 
organs of predilection such as the liver, 
spleen, intestine, and bone marrow (Figs. 
12.7, 12.8, and 12.9). Involvement of the 
liver and spleen results in hypertrophy 
which is often of marked proportions. The 
tuberculous nodule, as observed grossly, 
varies in size from a structure that is just 
discernible to a huge mass that may meas- 
ure several centimeters in diameter.** 
Nodules of large size frequently have an 
irregular knobby contour, with smaller 
granulations or nodules often present 
over the surface. Lesions near the surface 
in such organs as the liver and spleen are 
enucleated easily from the adjacent tis- 
sues. The nodules are firm but are incised 
easily since mineral salts are not present. 
On cross section there may be observed a 
fibrous nodule containing a variable num- 
ber of small yellowish foci or a single soft, 
yellowish central region which is frequently 
caseous. The latter is surrounded by a 
fibrous capsule, the continuity of which 
often is interrupted by small circumscribed 
necrotic foci. The fibrous capsule varies in 
thickness and consistency depending upon 
the size and duration of the lesions. It i$ 
barely discernible or apparently absent in 
the smaller lesions and measures from 0.1 
to 0.2 cm. in thickness in the larger nodules. 

“Detailed descriptions of the gross and micro- 
scopic lesions of tuberculosis in the difTercnt or- 
gans of chickens will be found in Feldman's (19S^ 
monograph on avian tuberculosis infections. 


The number of lesions present is also 
variable, ranging from a few to innumer- 
able. Large numbers of small lesions are 
particularly frequent in the liver and in 
the mesentery. It is fairly common to ob- 
serve a few nodular lesions in organs such 
as the liver and spleen associated with an 
enormous number of lesions of minute to 
moderate size. The variation in size of 
such lesions is a consequence of successive 
episodes of reinfection from previously es- 
tablished lesions, usually of the same organ. 
Involvement of the lung is usually !«« 
severe dun that of the liver or spleen (Fig 
12 . 10 ). 

The continuous progressiveness of tuber- 
culosis of chickens, once the disease i$ 
established, and the marked tendency of 
the disease to disseminate to several organs 
of the body indicate, as mentioned pre- 
viously. that tuberculous bacillemia is a 
common manifestation of die disease. That 
the blood stream of tuberculous fowl does 
contain virulent tubercle bacilli at dmu 
has been demonstrated repeatedly. This 
tendency of the bacilli to invade, and 
circulate with the blood stream jirovidei 
die explanation for the frequent involve- 
ment of the bone marrow of tuberculous 
fowl (Figs. 12.11 and 12.12). InfecUon of 
the bone marrow probably occurs very 
early in the course of the disease and is 
characterized by hypertrophy of the mye- 
loid tissues, by disappearance of most of 
the bony spicules, and finally by the for- 
mation in the marrow of tuberculous nod- 
ules. The latter may be numerous and 
strikingly evident to the unaided eye, or 
the lesions may be few and of such size as 
to require the use of the microscope for 
their demonstration. 

Blood. Reliable data on the effcco of a 
natural tuberculous infection on the circu- 
lating blood of chickens are somewhat 
meager. Some workers have reported 
anemia associated with a reduction in the 
total number of erythrocytes. Other obser- 
vations have indicated that there occurs 
a marked increase in the number of larg« 
lymphocytes and a decrease in the small 





PIO. 13.12 — Smalt tuberculous nodule In the bone morrow of o noluroHy 
Infected chicken. The central necrotic region is surrounded by a zorte of 
dense connective tissue. XlOO. 
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hmphocytes. The work ot Olson and Fdd- 
inaii (1936) on a relatively small 
ot naturally inlected chickens mdicatirf 
that the erythrocyte and thrombocyte 
counu and the values for hemoglobin were 
within the limits ot normal. Although m 
our material die disease was presumably 
ot long duration, anemia was not observed. 
Leukocytosis was the most striking and 
consistent finding, the number ot 
cytes and heterophils being increased. Ibe 
degree ot leukocytosis was tor the most part 
in direct ratio to the extent and seventy 
o£ the disease. , , ^ 

Histopalbology o£ ihe tubercle. The 
anatomic unit of tuberculosis as the dise^e 
occurs spontaneously is conveniently esig 
nated a tubercle. The term "tuberde m 
it refers to tuberculosis of fowl designa 
a structure which varies in character de- 
pending on its age and site. In its simp 
form, which may be observed expenmentid. 
ly in 10 to 14 days after infection, there 
occurs a closely packed, ,n'icrot“P“= 
lection of rather pale-staining cells 
vesiculated nuclei. These cells, which have 
been designated as epithelioid cell^ co^ 
tain tubercle bacilli and are derived 
fixed tissue elements known as hi$iiocyt« 
(Fig. 12.13). The latter cells 
attraction for tubercle bacilli, whic y 
phagocytose early in the reactive prw 
The cellular mass, or primary 
gradually expands as a consequence o 
proliferative activity of histiocytes a 
periphery, and within three to four w 
after the tubercle first becomes ^ . 
suable, signs of retrogression can 
tected in the epithelioid cells of the cen 
zone. This retrogression is due m part 
the avasculatity of the structure ana u» 
part to the toxic substances of the tuber^ 
bacilli. As the cellular mass becomes largCT. 
the epithelioid cells have a 
fuse and form syncytia. The outlines of tte 
individual cells become less disunct o 
disappear. Vacuoles appear, and ® . 

ing reaction is more acidophilic, 
followed within a week or so by a 


loiiowea witlim a weex , . 

biotic change resembling coagulauon 

necrosis. The nuclei of the epithelioid celts 
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become pyknotic and may disappear, while 
the cellular mass, excepting the peripheral 
™rtSn become, luied and stain, deep , 
witli eosin. The tubercle bacilli have multi- 
plied and appear singly or ■“ '‘““P 
throughout the necrotic tissue. This com 
p!ete,^he first phase in the evolution of 

‘''Vhe‘’Sl>nd phase oi ^P““(“' 
the tubetele is concerned with the for 
maiion of giant cells. While the epithelioid 
Sis Tn ie central rone undergo necro- 
bitic dianges, there persists an outer zone 
epiiltelioid syncytia ,“PP“” 

mande around the S 

iriESfsSS 

milately peripheral « 

orpiihelioid cell, ^and ^^eir 
S'iunr^l'oi vaieuW^^^^^^ 

rujrm'h^r:ln’’ihe Epithelioid rone, 
^iTerf'enerptSSon SLisdng o^mrorn 

S!hferq{dng=--^^ 

inadequate owing ^ , jr, .he epi* 

so died ;“onS »' 

Srm!'n”rp«- and several 





FIG. 12.15 — ConglomeroJe lubercle in the lung of a chicken. Numerout 
secondory tubercles ore present tn the outer or peripherol port of the lesion. 
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smaller or adjacent ones, which considered 
together form a conglomerate tubercle 
(Fig. 12.15). . . 

In summary, it is convenient to 
sider that the adult tubercle as it occurs m 
chickens consists of four parts or zones. 

The first is the necrotic or central zone, 
and tlie second, the surrounding zone ot 
giant cells. The third zone is that im- 
mediately peripheral to the giant cells an 
is composed of epithelioid cells an islio 
c\tes. The fourth zone, which is not always 
apparent, is made up of histiocytes, small 
blood channels, and fibrous connective tis- 
sue elements. 

The nature o£ the degenerauve process 
which occurs in the central rone of me 
tubercle is somewhat unusual w mat 
the integrity of the cells is maintainci ^ 
a considerable period before disintegration 
becomes apparent. Caseation nea 
eventually occurs and may affect a 
a part of the central zone, _ 

ably is engendered by the influx of le 
cytes, and there results a more or 
structureless mass composed of tissue e 
and nuclear fragments among wnicn 
tubercle bacilli are numerous. 

By appropriate stains, lipid substances 
in variable amounts can be demonstra ed 
in the lesions. The fat. which occurs in the 
form of small to moderately large g o ^ ' 

is most abundant in the more a 
tubercles and of minimal amount m 
prenccroiic epithelioid lesions. 

In the first or epithelioid phase o 
development of the tubercle, one ra 
demonstrate by appropriate staining ni 
ods the presence of delicate reticulum 
fibrils ivhich intertwine 
among Uie epithelioid cells. 'V en 
generation and necrosis occur, tlie re 
lum fibrils no longer can be seen. 

Calcification of the tubercle occurs rare Y 
if ever, the failure of mineral salu to ac 
cumulate being one of the unique i 
teristics ot the tuberculous lesion 
occurs in fowl. Amyloidlike 
1 of portions of the surrounding pa 

‘ mal elemenu sometimes is observed 
liver, spleen, and kidney. 


The number of tubercle bacilli present 
in the lesions is of much significance m the 
pathogenesis of avian tuberculosis. The 
^peLly of the organism tor growth and 

Luipiication is hindered "“I' 
within the tissues of diickens. a"'* *e rc 
suit U prodigious numbers of bacilli m 

eveiT liion (Kg- ’''S"'* 

niSculosis of chickens resembles mo 
other mycobacterial diseases - leprosy and 
^aratubirculosis. The orgamsms am ex- 
ceedingly numerous m smears from the 
mmbid Lues, and cultures of tuberculous 
.issue from chickens usually 
able colonies of tubercle bacilli. Ihe 
oresence of tubercle bacilli m such l^ge 
Lrahers within the tissues ot » 
fowl constitutes an 'SL .L 

transmission of the disease to Wealthy ani 

mats and makes * aS" 

disposal ot the carcasses ot buds attecten 

""Genem%'*speaking. the morbid anatomy 
ot tuberculLis ot chickens is that 

ra^‘r''ssT'e;nr^r 

T^°^. win’resuu‘’LSdy 0^^1411, 

in the death ot Uie affected fowl. 
dissemination and transmission 
Although sereral lactors may conmbule 
to the trlnsmission and dissemmauon ot 
avian tuberculosis to uninfected hosts, at. 
inlecled environment is the 
•v.,ra«rianre in the perpetuation of the dis 
eaT Should a high percentage o' 
occur as a consequence of an infected e 

SLcnt, several related lado- » 

signilicance. These include: (1) *= “8° “ 
^ chicken, adult ch.ckens being more re 
Aslant than younger ones; (2) con 

sisiant man > & infective material. 

Srat have been V re- 

„lati.=ly lew ' "„r a con- 

peated episodes of implex and 

Urable penod: ‘ ,‘Tndividual 

little-understood question 
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susceptibility or resistance. 

Of primary importance in the establish- 
ment of an infected environment are cer- 
tain distinctive factors characteristic of the 
pathology of avian tuberculosis in the 
natural host. As mentioned before, the tre- 
mendous number of tubercle bacilli ex- 
uded from the frequently occurring ulcer- 
ated tuberculous lesions of the intestine 
establish the infected bowel as a constant 
source of virulent bacteria. These mix wiili 
the intestinal contents and eventually 
lease the body with the feces. Although 
other potential sources of infection ex ist, 
there is none that equals infective fecal 
material in the dissemination of avian 
tuberculosis from affected to noniubercu- 
lous animals. Related to enteric ulcerations 
as sources of tubercle bacilli that may occur 
in the fecal discharges are lesions of the 
liver and of the mucosa of the gallbladder. 
From such lesions the organism fairly tx»n- 
monly finds its way into the intestine 
through the common duct. 

Egress of the bacteria from the respira- 
tory tract is also a potential source of in- 


fection. especially if lesions occur in ih* 
tiachcal mucosa in addition to the lungs. 
The ingestion of its infective exudates 
by a bird that has tuberculosis of in* 
respiratory tract also provides a 
means of auto-infection, with lesions in the 
other organs, especially the intestines. 

Vccion. The possibility that living fof’ 
eign-host carriers may transport avian 
tubercle bacilli from infected to nonin- 
fected premises constitutes an interesting 
piiasc of the epidemiologic aspect of avian 
tuberculosis. Many have studied tlie pro^ 
lera, the report of Sdialk et al. (1935) 
being especially noteworthy. Although ^ 
risurad of the facts indicates quite defi- 
nitely that vectors have a role in the dis- 
semination ol avian tubercle bacilli froni 
infected to healthy flocks, it is hanUy 
likely that vectors are responsible for any 
cxsnsiderable amount of the tuberculous 
infection that exists in the average farm 
flock. They are perhaps more important 
as possible sources of new fod of infection 
in premises dial were previously free ® 
the disease. The infective environment. 
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comprising as it does Uic badlli-ladcn soil, 
liner, and filth, is tire laelor ol greatot 
importance in the transmission ot die ms- 
ease to noninlected animals. The o ^ 
the premises have been occupied by in- 
lectcd birds and die more concentrated the 
poultry population, the mote prevalent 
the infection is likely to be. 

Role ot eggs. The possibility 
tuberculosis might be transmitted thtougii 
the eggs from tuberculous 
a pertinent qucilion since Sibley ( ) 

obsmed the occurrence o£ tuberwlosis m 
chickens that had been hatched from 
laid by hens affected widi Uie disea^ In 
attempting to explain the origin “ 
tinuaiion o£ the disease, Sibley suied a 
"the disease appears to be a clear case 
heredity." ,, __ 

Generally speaking, the problem con^ 
cerning tlie possible transmission ot 
tuberculosis through infected eggs has 
approached in two ways; (1) by 
lating eggs artificially with tubercle ba 
and noting whether or not ® . 

eventually develops in the birds ha 
from the infected eggs and (2) by 
serving whether or not tuberculosis 
velops in chickens hatched 
obtained from naturally infected 
It has been demonstrated many um« 
some of the eggs artificially inoculat wi 
avian tubercle bacilli will hatch an 
there is a good possibility that the « 
hatched from such eggs will be in ec 
with tubercle bacilli. Furthermore, s 

infected chicks usually will die wii i 
short time of extensive tuberm m - 
Therefore, from a practical point ol v • 
such observations are of doubtlu i 
portance to the fundamental * 

Are eggs from naturally infected ^sekra* 
likely to produce cliicks that are destinea 
to be tuberculous? Although the . 

that this might occur is admittrf, 
at the present time no convincing 
mental evidence to justify the condu 


Fitch ct Bf. (1924), as a result ^ ® “^^5 are 
sive stufly, concluded that viable from tuber- 

piesent in less lhan 1 per cent of egg* 
eulous chieVens 


tiiat cliicks hatched from eggs laid by tu- 
t Jous imm ::il. be i"<cc.ea w..h mber. 

cle bacilli as a Se 

lious agent having been implanted in the 

■‘'^rmireorncing evidence iha. in- 

[“reffi. ot naturally inteeted hem wilh- 
oTtSScuIosir having been observed tn 

"X'so"-. Other potent sources 
o, dissemination ot «i- Jjl,. 

Pililii 

ssiiiis 

'°u IfahTconeeivable that cannibalisrn 
}\ \ .. Tsart in the transmission ot 

might play P chicken to another, 

.ubcrculosis from one chicken^ „,,„rrence 
since bactllemia of 

‘hict'ns''u“S reasonable to believe .hat 
chickens . , assault on an infected 

addicted to cannibalism would 
a Dossibility that the aggressor 
’’'“JuUesrTbercJ bacilli rrith the blood 

maintenance ot mfeete ^ 

md. m crates and ^ ^ ol the in- 

be responsible for . to healthy 

fective bacteria from diseasea 

flocks. 
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TUBERCULOSIS IN TURKEYS*^ 

Turke>s are not uncommonly alTected 
\iiitU tuberculosis, and the disease in most 
instances is contracted from infected chick- 
ens. The disease is chronic in dtaracter. 
AlTected birds may occasionally be lame or 
emaciated. Ilosvcver, such signs are not 
pathognomonic. Definitive diagnosis is 
best established as a result of necropsy pro- 
cedures. 

Important inforntation regarding tuber- 
culosis in turkeys has been contributed by 
Hinshas/ et al. (1932), svho examined at 
iiCCTOpsy a total of 88 birds; tuberculosis 
uas found in -15. or 51.14 per cent. The 
incidence of live disease in relation to dif- 
ferent age groups is of interest The dis- 
ease nas found m only one of 1 1 birds less 
than one year of age. Of 24 between one 
and tsso years of age, 14 were tuberculous, 
nhcrcas of 43 more than two years of age, 
28, or 05 12 per cent, tsere tuberculous In 
tss'o instances the age of the birds was not 
known. These t-iorkers recorded the fre- 
quency of involvement of the dilTerent 
organs as follows: liver, 95.6 per cent: 
spleen, 07.3 per cent; intestine. 450 per 
cent; lungs, 32.0 per cent; ovaries. 32.2 per 
cent; thymus, 29 per cent; testes, 25 per 
cent; mesentery, 21.7 per cent; pancreas, 
12.9 per cent; muscle, 11.7 per cent;** 
bones, 7.4 per cent; skin, 0.2 per cent;^ 
gizzard, 5.7 per cent; esophagus, 4.7 per 
cent; pericardium, 4.5 per cent; proven- 
triculus, 3.7 per cent; kidneys, 3.5 per cent; 
oviduct, 3 per cent; and myocardium, 2.2 
per cent. 

Microscopically, lesions of tuberculosis 
in the turkey vary considerably in their 
appearance. In some, tubercles essentially 

■'liiforiDation peiuinlng lo cubeiculcwlt in lur- 
kns has been coninbuieU bjr Ebcr (1924, 1925) 
Klimioer (1950), rioscholdt (1932), Susinunn 
<I9ir). Himhivf (t al. (1932), and Hinihaw. Oup- 
ter 41 o( this book. 

■The Ictioiu daignaied as involving muscle were, 
according lo liimhaw tt al. (193:^ aciuallj in the 
(asda. 

* Instances o( lubeiculoiis cpf the skin and ol the 
subcutaneous tissues oi turLe)s haw been de- 
aaibcti by Saivnet and Elder (1931), OiiHicn el 
al (1923). and Dietrich (192;). 


like tliose seen in tuberculosis of chickens 
are present. In other instances, the lesions 
are of a diffuse character with extensive 
destruction of the surrounding parenchy- 
mal tissues. Cytoplasmic masses, or la^ 
giant cells, may be numerous, and large 
numbers of eosinophilic granulocytes are 
commonly present. Some of the lesions be- 
come circumscribed by a broad, dense zone 
of fibrous connective tissue. At the periph- 
ery of such encapsulations, extensive in- 
filtrations of lymphocytes are usually pres- 
enL 

As mentioned previously, the diagnosis 
of tuberculosis in turkeys is best accom- 
plished by recognizing the lesions at n^ 
cropsy. However, proof of the true nature 
of the infection is dependent upon subse- 
quent laboratory studies designed to re- 
veal llte acid-fast characteristic of the etio- 
logic agent and to establish the micro- 
organism definitely as Mycobacterium 
avium. Conditions that may simulate tu- 
berculosis and which must be excluded are 
mycosis, enterohepatitis, and certain forms 
of neoplasia. 

From available information it appear* 
that the usefulness of the tuberculin test 
in the diagnosis of tuberculosis in turkeys 
has not been adequately established. Hm- 
shaw el al. (1932) using avian tuberculin, 
injected the snood, the mucosa of the anus, 
the wattle, the skin of the edge of the wing 
web. and the skin at the center of the wing 
web. The results of the tests indicated 
that (1) the reactions in the wattle agreed 
with the findings at necropsy in only H-i 
per cent of the birds, and (2) there was 
agreement between the tuberculin reaction 
in the wing web and the findings at ne- 
cropsy in 75.68 per cent of the animals- 
Durant (1930) also found the skin of the 
wing web to be the site of choice for tu- 
berculin testing of turkeys. From the mea- 
ger information available, one must con- 
clude that the iniradermic tuberculin test 
has been less reliable for detecting tuber- 
culosis in turkeys than in diickens. It 
would seem desirable to investigate the re- 
liability of the rapid agglutination test as 
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a means of detecting tuberculosis in live 

turkeys.®® . , 

Recommendations for the control ot 
tuberculosis in turkeys include the follow- 
ing: (1) Rear and maintain birds so^ M 
to prevent contact with tuberculous 
ens; premises and housing previously us^ 
by tuberculous chickens are to be avoided. 
(2) When tuberculosis is discovered m a 
flock of turkeys, the entire flock should be 
disposed of. (3) If a flock is to be re- 
established, the new stock should be 
limited to day-old poults. 


CONTROL OF AVIAN TUBERCULOSIS 

The eradication of avian tuberculosis or 
even its satisfactory control is not a simple 
matter. However, the widespread distri- 
bution of the disease, its high incidence 
in the more seriously infected areas, an 
the increasing importance of the pou 
and the swine industries make it ' 

tive that adequate measures be devised tor 
its control and ultimate eradication. 

As in most other infectious diseases, wc- 
cination for the prevention of * 

culosis has been considered and , 

products used include the so-called ' 

mann vaccine,®^ an avian strain of • 

and heat-killed avian tubercle bacil i- 
result obtained from any of these product 
would not justify the claim that 
tuberculosis as the disease occurs natura y 
can be controlled successfully by 
nation. A measure of resistance can e 
conferred by the use of homologous strains 
but much additional work will be 
sary before vaccination can be 
worthy of serious consideration in t e pr 
vention of the disease.*® . ,. . . 

The tuberculin test if used judiaous^ 
is of considerable practical value 
ducing the losses from tuberculous, 
subsequent removal from the oc 

"Referred to presiously (p3g® * diagno* 

uc lest for tuberculosis in chickens 

“Prepared from a so-called turUesuam of auo 
fast bacilli (Afycobacferitim .ubeTCuIosu 

"The question of sacdnation niono- 

of chickens is reviewed in Feldman s (n»») 
graph on avian tuberculosis infections- 


chickens that react eliminates many foci 
of inieclion. The test enables one to detect 
many inlecled fowl before the disease 
reaches a severe or chronic state, and d 
repeated tests are made, potential d'ssemi- 
Jtion ol the inlective bacteria to the 
surrounding environment may be reduced 
annreciably. However, this method if de- 
pSed ol alone for combatmg avtan 
tuberculosis has many shortcomings, the 
ml important being that .1 the residual 
flock is petmitted to occupy the same in- 
Sve premises a continuity source 
of inlectton remains. This provides oppor- 
tunity lor new inleclions to occur for an 
indefinite period since m 
tubercle bacilli may remain viable and 
ILlent for years. For this reason an en- 
vironment once mteclcd » P 

tenlial source of infection indefimtely- 
Furthermore, neither the tuberculin test 
nor any other means can be depended on 
with absolute certainty to detect every liv- 
ing tuberculous fowl, and as 'otiS as one 
infected bird remains in a flock, dissemi 
nation of the disease to healthy “ 

possible. Consequently, means other than 
die tuberculin test must be resorted to it 
a more satislactoty control o! avian tuber- 

'tmti.V;ast^Xryear.ithasbe.nh. 
noently staled that avian tuberculosis can 
be comtolled if all birds in the flock are 
Ss^ed ol alter the first laying season. 
TlSr practice has much to commend it 
especially since it is economically sound 
.he point ol view ol egg product.™. 
Older birds usually produce fewer eggs 
Smn thV younger ones, and fur.hemore, 
fhe mortality from nonbac.erial diseases 
such as neoplasia is greater among th 
older hens dtan among P“‘ 
factor in lavor ol the disposal ol the oldy 
stock is that 11 tuberculosis is P'"™.' ‘‘ 
“hT:?eSTcre;ui"cfr,enkely.o 

S'alor^^iirrirSrflock-Sr.ubercu'Josi. 
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IS at best an optimistic wish. Contrary to 
the belief of some, acute generalized tuber- 
culosis occasionally occurs in pullets. The 
lesions in such a bird contain enough 
tubercle bacilli to infect a dozen flocks, 
and if the carcass be eaten by its mates, 
the likelihood that seseral additional birds 
will become infected is evident. To reiter- 
ate, die threat of avian tuberculosis in po- 
tentially serious proportions remains just 
so long as a single infected bird is a mem- 
ber of the flock. 

Since it has been adequately established 
diat the continuation of tuberculosis in a 
flock IS dependent on an infected environ- 
ment, it would seem reasonable to believe 
that this fundamental fact should be uti- 
lized in any program devised for the con- 
trol and elimination of the infection. 
Basically the question is one of hygiene. 
That every case of tuberculosis comes from 
anodier case is aphorismic. The disease is 
due to a well-known and definitely estab- 
lished cause, the tubercle bacillus, and 
this fact must not be lost sight of or ig- 
nored when measures to eliminate the in- 
fection are considered. To permit young 
birds to range at will over infected prem- 
ises or to occupy quarters that were 
used previously to maintain tuberculous 
birds is to insure the continuation of the 
disease indefinitely. 

Procedures for establishing and main- 
taining tuberculosis-free flocks should em- 
brace the following: (1) Abandon the old 
equipment and establish other facilities on 
new soil that is known not to be contami- 
nated with avian tubercle badllt. Ordi- 
narily it is impractical to render an in- 
fected environment satisfactorily safe by 
disinfection. (2) Provide proper fencing 
or other measures to prevent the unre- 
stricted movement of the chickens, thi» 
preventing exposure from previously in- 
fected premises. (3) Eliminate as soon as 
possible the old flock, burning the car- 
casses of birds that show lesions of tuber- 
culosis. (4) Establish a new flock in the 
new environment from tuberculosis-free 
stock. (5) Eliminate from the swine herd 
all reactors to avian and to mammalian 
tuberculin. New breeding stock should like- 


wise be tuberculosis-free. If the chickens 
in such a flock are prevented from having 
a rr>KV to an infected environment and are 
proleacd against accidental exposure to 
tubercle bacilli, it is reasonable to believe 
that they will remain free from tubercu- 
losis. 

The measures just mentioned for the 
elimination of avian tuberculosis are not 
complicated and should be applicable to 
most American farms. The additional 
profits that vtfill accrue from a tuberculosis- 
free flock maintained in a hygienic environ- 
ment will in time compensate adequately 
for the initial expense and work necessary 
to establish the new flock, and new facili- 
ties. Furthermore, the general health of 
the birds will be better, and diseases other 
than tuberculosis will be controlled more 
satisfactorily. The benefits will also be re- 
flected in a decrease in tuberculosis in 
swine. The importance of avian tubercu- 
losis in the infection of swine is such that 
if chickens were maintained entirely sep* 
arate and apart from swine, the incidence 
of tuberculosis of swine due to Af. avium 
would be reduced to a minimum. 

Some may be tempted to try to control or 
eliminate avian tuberculosis from infected 
birds and mammals by the use of anti- 
luberculosis drugs which have been effec- 
tive in the treatment of tuberculosis in 
man. Such practice cannot be reconi- 
mended. The organism of avian tubercu- 
losis is characteristically much more resist- 
ant to presently known chemical agents w 
vivo than is the human tubercle bacillus- 
Furthermore, the tuberculosis infection m 
chickens is often a formidable, destructive 
process, with hematogenous dissemination 
frequently, if not always, present. The pro- 
curement of a chemical agent sufficiently 
potent to eliminate the infection without 
serious untoward results on the affected 
animal seems unlikely and visionary at the 
present time. One may again eraphasiM. 
tuberculosis of poultry is best combated by 
elimination from the premises of all natu- 
ral hosts infected with Mycobacterium 
avium, and by strict adherence to basic 
principles of sanitation and hygiene. 
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Infectious Coryza and 
Avian Mycoplasmosis 


Infectious Coryza (Roup, Hemo- 
philus gallinarum Infection) 

Infectious coryia is the name 
respiratory disease of chi^ens cau 
the bacterium Hemophilus ga •” 

The disease is characterized by nasal 
charge, frequent swelling or edema 
face, and meezing. H. galhnarum jnfec 
tion was rather common during c 
and early 1940’s and then 31“°^* “^ 
peared, apparently occurring on y i 
flocks in California. The decreased ma 
dence of the disease was attribute 
ter methods of isolation rearing, 
practice of disposing of the <,{ 

the end of the year, and to the ^ 

H. gallinarum to survive outsi e 
However, the incidence of the dnea«^ 
pears to have increased some . 

?ears. It still is a problem m Cah^« 
and "Infectious Coryza" was rep 


•Gralrful acknowledgment U the 

Hotstad, Iowa Slate University, for pro 


groundwork for this chapter. 


being “ S ‘an “hS- 

fo«Tpox, one of dte fin. P™““'' “ 
separate the two inkclions. Thu 

<Son?l'fhrp^UcV-r- 

uncomplicated coryza m chukcn 
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FIG. 13.1 — Hemophilut gallinarum 
in film of nasal exudate. xSfO- 



Schalm and Beach (1934), Eliot and Lewis 
(1934), and Delaplane et at. (1934) con- 
hrmed previous reports by de Blieck. Eliot 
and Lewis (1934) proposed the name 
Hemophilus gallinarum, by which the 
organism is known today. 

H. gallinarum is a Gram-negative, pleo- 
morphic, nonmotile bacterium. It is cata- 
lase negative, reduces nitrates, and ler- 
ments several carbohydrates under appro- 
priate conditions (Page, 1962a). This 
organism, found in the sinus exudate of 
the infected chicken, has bipolar staining 
characteristics (Fig. 13 1). In young cul- 
tures it occurs as a short coccoid rod. but 
after 24 to 48 hours many long forms are 
found. The organisms form tiny, dewdrop- 
like colonics on the surface of a suitable 
medium. H. gallinarum is fastidious in its 
growth requirements. Schalm and Beach 
(1936a, 1936b) found that their strains re- 
quired two factors — an X-factor (hemin) 
which resisted autoclaving and was present 
in the red blood cells, and a V-factor 
(DPN) which resisted boiling for 5 minutes 
but was destroyed by autoclaving and was 
found in both the serum and red cells. 
Serum from defibrinated blood contained 
both factors. However, Gregory (1943) 
noted that the X-factor (hemin) was not 
necessary, and in more refined studies 
Page (1962a) demonstrated that H. gallt- 


narum readily grew in media which con- 
tained no iron porphyrin (hemin) derived 
from blood. He further found that 
duced DPN was essential for growth aw 
could be supplied by adding cnrymatically 
reduced DPN by feeder (nurse) cultures 
of Staphylococcus epidermidis, or by the 
addition of chicken or sheep serum. 

Nfosi workers have considered that an 
atmosphere containing added COj was 
necessary to obtain optimum growth of «• 
gallinarum. However, Nelson (1935b) ob- 
tained good growth on blood agar plates 
which were sealed with clay, and Pags 
(1962a) recently demonstrated that «• 
gallinarum was not dependent upon 
as such, but was microacrophilic. He ob- 
tained good growth with reduced oxygen 
levels as well as under completely anaero 
bic conditions. Methods to obtain reduad 
oxygen levels include the addition of COj 
to the incubation chamber or the remova 
of some of the oxygen by burning out a 
candle in a sealed container. 

Early workers devised a number of di • 
ferent media which supported the 
of H. ^llinarum, due primarily to ingr£ 
ients which supplied the necessary V-factor 
(DPN) although a source of the X-factor 
^emin) was frequently included. 

Nelson (1932, 1933a) and Delaplane « 
al. (1936) used blood at the base of agar 
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slams. Delaplane and Stuart (1939) ionnd 
a arotving yeast medium to be satisfactory. 
cSningham and Smart (1944) found ^ 
ege volk medium suitable for growth of rt. 
gfllinarum. Gregory (1943) desaibed a 
superior medium in which pieces of raw 
potato were used in chicken infusion broth. 

He emphasized the necessity 0 / 
in the medium. Hofstad (1959) u 
chicken infusion agar into which was 
corporated 10 per cent chicken serom be- 
fore slanting the agar. The organism col- 
onized on the surface of the slant m a lU 
per cent COj atmosphere. This was a suit- 
able medium for subculturing the organ- 
ism after initial isolation on blood agar 
plates incubated in a partial atmosphere 
of COj. The use of blood agar plates incu- 
bated under a reduced oxygen tension ap- 
pears to be a practical method for original 
isolation of H. galUnarum. 
supplemented with a source ^ “ 

DPN was found to be adequate by Pa^ 
(1962a). Broth media are seldom employe 
for original isolation attempts because 
the possibility of contaminant bacteria in 
respiratory tract exudates. However. Ho • 
siad (1964) found that chicken meat inlu- 
sion broth containing 3-5 per cent a 
chicken or turkey serum was valuable lor 
subculturing H. gallinanim after 
isolation. Page (1962a) obtained 
growth when as little as O.l 
chicken serum was added along 
cent glucose to tryptose broth whic 
been filter sterilized after supporting tnc 
growth of Staph, epidermidts. _ 

Another method for the propagation o 
H. gallinarum is the use of 
chicken eggs inoculated into eit er 
yolk sac or the chorioallantoic 
tive yolk or allantoic fluid can t 
harvested. Bacterial contaminants pr 
in respiratory tract exudates lim‘5 
fulness of this procedure for ongina 1 
lion purposes. . 

H. gallinaTum is an organism o» w 
resistance outside the bird. De 
(1934) found it was killed after 24 
at 37° C. when suspended in - 

organism was dead when tested a 


davs at 22° C. Eliot and Lewis (1934) 
found it did not survive a temperature of 
45° C. for 6 minutes when suspended in 
water. When suspended in ■'emolyze 
blood broth, the orgamsni was killed at 
55“ C in 4 to 6 minutes, but survived 10 

minutes at 50' C. P"?' ('=“'>) Xxu 
that the organisms m inteclious nasal exu 
“ spended in tap water were viable 
3 bo'l not 4 hours. Orgamsms which 
had been cultivated on agar medium and 
then suspended in lap water were nonvi- 
aJile witWn 4-12 minutes. H. go"'™™™ 
present on the legs o! houseflies which had 
ted on infections nasal disAarge 

viable tor only 15-30 minutes, Hotstad 
(1964) round the organism to survive fo^ 
least 10 years in the lyophilited slaij r^e 
virulence ot the organism for chickens is 
reduced by culturing on artificial media, 
^ifruTually after 20 .*0 « trans er. ^e 
organism becomes avinilent, R'l'"' 
fifrt, by Page (1962a) and Page el ab 
inHicate the existence of at least x 
So^ r ' Hetnof fiito gH.- 

S°X.UboSgh they were not te>“>d 
immunogenically distinct m cross protec 
tion studies. The 2 serotypes differed in 
th^r ability 10 ferment sucrose. He also 
Ascribed S^nonpathogenic serotypes whi4 
we“e not typical ot H. gell.narmn ^ap 
1962al These organisms probably should 
'“f he designated as Hemofii/iu. species 
m is time.' The, were strongly Catalan 
positive, grew aeiohically, required DPN 
Ct „« "duced DPN) for growth and 
Lme produced pigment in the presence of 


®'Slm!. in most cases of coryza there 
is Kbement of the sinuses and na«l 
passages with a nasal discharge, swelling 
ErXna of the face, conjuncuv.tis, and 

creased number of culls. A loui o ^ 
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FIG. 13.2 — Artifieiol infeetion with infecliout 
coryza showing facial edema. 

Other bacteria. Beach and Schalm (19SC) 
and Delaplane and Stuart (I94ia) have 
observed that fi gallinarum mrection also 
may involve the trachea and bronchi, 
causing rales and dilHculc breaching. . 

Transmission and incubation period. 
Infectious coryza most often occurs in the 
fall and winter. Outbreai..s frequently are 
started by introducing carriers into the 
flock. Pullets may acquire the disease from 
recovered birds kept over from the previ- 
ous >ear. Infection within the flock 
is spread by contact and by air-bome in- 
fected dust or droplets. The disease may 
spread rapidly through the flock, or trans- 
mission may take place more slowly de- 
pending, apparently, upon virulence of 
the organism and other factors. Page 
(1962b) concluded that the primary me- 
dium for intraflock transmission of infec- 
tious coryza was drinking water contami- 
nated with infective nasal exudate. Intra- 
flock transmission due to aerosol expo- 
sure appeared to be slower and less exten- 
sive in his studies. Transmission by care- 
takers and houseflies could not be demon- 
strated. 

The incubation period after experi- 
mental inoculation is 18 to 36 hours. Sus- 
ceptible birds exposed by contact to in- 
fected cases usually have symptoms o£ the 
disease in 1 to 3 days. 

Coune and mortality. The duration of 


infectious coryza is variable, but usually 
the disease persists through the cold 
months of the year if permitted to run its 
course. Complicating factors, such as sec- 
ondary bacterial invaders, poor housing, 
parasitism, and inadequate nutrition, may 
add to tlie severity and duration of the 
disease. Nelson (1933b) has recorded a 
duration of 4 to 18 days in experimental 
cases produced by infected exudate. Dur- 
ing the summer months infectious coryza 
may be less severe with a shorter duration. 
The virulence of various strains of the 
ot^anism may alter the course of the dis- 
ease. Delaplane et al. (1933) described a 
severe disease with high mortality in their 
original report on infectious coryza m 
Rhode Island. Schalm and Beach (1936a, 
1936b) observed increased virulence by 
rapid passage of some strains in susceptible 
chicks and noted a difference in virulence 
on poultry farms. 

Pathology. H. gallinaTum produces an 
acute catarrhal inflammation of the mU' 
cous membranes of the nasal passages and 
sinuses. Airsacculltis was noted by P8ge 
(1962a,b). There is frequently a catarrhal 
conjunctivitis and a subcutaneous edema 
of the face and wattles. A chronic inflam- 
matory process accompanied by caseous 
exudate in the sinuses, nasal passages, and 
conjunctival sacs is present in cases of long 
standing when the disease is complicated 
with Ollier bacteria. 

Diagnosis. A field diagnosis of H. galli- 
narum infection is difficult to make since 
other diseases, such as chronic cholera, fow 
pox, A-avitaminosis, and the “chronic 
respiratory disease," may produce similar 
clinical symptoms. A method of making a 
field diagnosis was suggested by Delaplane 
and Stuart (1941b) and by WernicoII and 
Goldhaft (1944). It consisted of treating 
the affected flock with sulfathiazole an 
observing the response. A diagnosis of 
gaUtnoTum infection could be made if 
flock responded favorably to the treatmen 
within a week. 

In the diagnostic laboratory it is 
sirable to inoculate susceptible chicks wi 
suspected field material in order to c 
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termine the transmissibilily and 1^5 i”™ 
badon period. I£ the inoculated *>'*5 
velop a nasal discharge and taaal ssvclhng 
within a fes* days, H. gallinamn. in!'"™ 
may be suspected and attempts should he 
made to culture the organism, which rnay 
be found most consistently m the mlra- 
orbital sinus exudate. Isolation of an or- 
ganism with characteristics of H. gain- 
narum and which will produce symptoms 
of coryza in chickens within a few days 
constitutes a diagnosis of infectious roryia. 

Page (1962a) employed plate agglutina- 
tion with hyperimmune 
his serological studies. It is possible that 
such a procedure might be employed wi* 
sera from convalescing birds to aid in mat- 
ing a laboratory diagnosis. 

Treatment. Delaplane and biuait 
(1941b) found sulfalhiazole 
reducing the severity of infectious _ 

Schlenker et al. (1941) found that con- 
centraiions of 8/16 gm., . 

sulfathiazole per ounce of mash 
a blood level sufficient to prevent the 
velopmem of symptoms of , 

artificial exposure. Hamilton (19 ) 
found the drug to be effective m fie 
breaks of the disease. Wemicoff 
haft (1944) found sulfathiazole at the rtt 
of Yi lb. per 100 lb. of dry mash to be effec 
live in acute coryza. The above wo 
frequently noted a recurrence of the sym^ 
toms after the drug was "'^thdrawn, 
indicating that it is necessary to , 

or repeal the treatment. __.i. 

the flock is usually observed within a 
after treatment is begun. Streptomyci 
has been found effective in * 

fecdous coryza (Bornstein and SamDCT^ 
1954, 1955a, 1955b) at a dosage of ziW mg. 
intramuscularly. However, Page ^ 
found that his test isolate of H. * 
was relatively resistant to 
mycin and sulfathiazole, but was 
ably sensitive to erythromycin , 

tetracycline. Intramuscular mje i 
erythromycin, oxytetracycline, . 

hydiostrepiomycin did not great y a 
course of the disease in “ 

fected birds, though. Erythromycin gi 


lor 4 days in the drinking water reduced 
the sprJd of infection among susceptible 
chickLs apparently due to its bactericidal 
jlea in the water' aud in reducing the 
numher of shedders, but following its re- 
Zval a relapse in the flock was apparenn 
SSfleation^f the ° 

stimoUte feed consumption may be des 
able when birds are not eating. It ts advis 
able to correct faulty ventilation or other 
factors contributing to the severity of the 

‘“Station. The removal of recovered 
birds from the flock is necessary if the dis 
ease is to he eradicated from the premises, 
beSuse tecovered birds remain reservoirs 
“l infection. The method 
‘‘rfrSm%"aSti°:nndpur- 

feSSSs 

house should be cleaned and dtsin- 
and aie respomible for new ou 

S?LShicks'’s"h3''he' S 

Succe is known to be free oE infectious 

resoiiatory disease. Isolauon rearing and 
^vav horn old stock are desirable 

pncuJs for the prevention of respiratory 

S'ofiSrs^^^sSu^ 

S“’.n?s~961)S^^^^ 

s.S'rerh"r;s&:TheysS 

reamnable protect.on when t^ » 

^Sfio:;dJ=‘emWdJuJcm^^^^ 

“oTem;itrTh“ey‘.lso conducted trial. 
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with a formalin inactivated bacteria whidi 
produced reasonable protection following 
2 doses given 2 weeks apart. Clark and 
Godfrey (1961) used formalinized embryo 
fluids to prepare an oil emulsion type bac- 
teria. They noted a decrease in the 
severity and duration of coryza in flocks 
which were naturally exposed to chickens 
with infectious coryza, CRD, and pasteurel- 
losis. 

Page et al. (1963) also studied the use of 
formalinized bacterins. They noted only 


limited resistance to upper respiratory in- 
fection, but did demonstrate some pro- 
tection against the occurrence of airsaccu- 
litis and a resistance to a drop in egg pro- 
duction in laying chickens challenged with 
H. gallinarum. The effectiveness of bac- 
terins under various field conditions needs 
further study, but undoubtedly will vary 
with the extent of exposure to natural in- 
fection and complicating conditions such 
as pasteurellosis, CRD, and other respi- 
ratory infections. 
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Avian Mycoplasmosis 
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Avian mycoplasmosis essentially is *1*5 
lisease caused by Mycoplasma gaUt' 
refliVum infection, which frequently has 
been called chronic respiratory disease 
(CRD) of chickens and infectious sinusitis 
of turkeys. It is characterized by respira- 
tory rales, coughing, and nasal discharge. 

The clinical manifestations are slow to e- 
velop and the disease has a long course. 

The disease has become an important 
flock problem in all areas of the 
Slates. It is also present in Canada (F^ey 
et al., 1953). Holland (de Blieck. I9b^. 

Brazil (Garust and Ndbrega, I95t>). 
the Philippines (Quizon, 1958). India 
fpathak nnH tJnob 19611. lapao ( 


oOpttironie 

ol aickens, which he described « 
bacillilorm bodies. He was able to grow 

SSen eggs, and in celHree medium. 
Smith el al. (1948) studied Nelson s agent 
found il grei -11 in ascitic peptic 
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(PPLO) resulted in a disease of rapid on- 
set and long duration which Nelson pro- 
duced with a combination of H. gallt- 
narum and coccobacilUform bodies. 

Edward and Kanarek (1960) proposed 
the name Mycoplasma gallisepUcum for 
the typical pathogenic PPLO which causes 
chronic respiratory disease in chickens and 
infectious sinusitis oT turkeys. The earlier 
named species M. galUnarum (Freundi, 
1957) was found to represent a nonpaiho- 
genic serotype. 

The organism is usually coccoid and 
about 0.5^ in site (Fig. 13.3). It has been 
studied by electron microscopy, and some 
variation in morphology has been found 
(Reagan el al, 1953; White et al., 1954). 
Some strains are spherical and others con- 
tain filaments (Fig. 13.4). Shifrine et al. 
(1962) studied the edge of growing colo- 
nies and concluded that the elementary 
cells were hexagonal and originated from 
within larger cells or by fragmentation of 
peripheral filaments. The organism stains 
well with Giemsa’s stain and requires for 
Its growth a medium enriched with serum 
or serum fraction. It is resistant to penicil- 
lin, polymyxin, neomycin (Wong and 
James, 1953), and low concentrations 
(1:4000) of thallous acetate. It can be 
grown on serum-enriched agar medium 
where it produces a characteristic colony 
with a dense, raised, central area (Fig. 
13.5). Most strains of Af. gallisepticum will 
cause agglutination of washed red blood 
cells of the chicken and turkey. Another 
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characteristic of the organism is its 
to pass through filters which ordman y 
tain bacteria. Using embryo-propaga w 
material in the form of a suspension ot tj' 
chorioallantoic membrane at a 1:10 i 
tion, the organism filters through the 
02. Berkefeld V and N, and Handler b an 
7 filters if sufficient amounts are . 

is withheld by the Berkefeld W, an 
Seitz sterilizing pad. Organisms m t 
culture readily pass through the 
but are partially retained by the 03 
filter. 

Mycoplasma galliiepficum can be 
gated in embryonaiing chicken eggs w 
it may or may not cause death o 
embryo. Some strains, after a few 
regularly cause mortality when 

into the yolk sac of seven-day-old e 

onadng chicken eggs (Hoyt et ai., i 
Hofstad, 1952). On original isolatioi. 
some strains in embryos, there may 
no mortality and no definite 
it is necessary to make additional p 6^ 
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iinlration in the yolk sac and yolk and m 
he chorioallantoic M'”''™': 1“* g‘" 
o death oi the embryo Hoi tad, 1952. 
mginbuhl and Jungherr, 195S). 

A number ol media have been used tor 
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All these have as enrichment either a con 
serum fraction (Difco) or he«. 
inactivated horse, avian, or swine serum. 
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in order to identify the organism. Some 
strains may produce caseous exudation m 
the respiratory tract of embryos (Van <« 
kel el al., 1952) but dwarfing, generalizcu 
edema, liver necrosis, and enlarged sp een 
in infected embryos dying between an 
21 days are most commonly observea 
(Chute and Cole, 1954). 

Delaplane (1948) observed 
es" in infected embryos (Fig- 13-6) as i 
Van Roekel et al. (1957), Thom^n 
(1954), Moulton and Adler ( 1957 ). ^nek 
and Levine (1957), and Chute (I960) who 
described the lesions as being prti^iiy 
subcutaneous periarticular 
with necrotic centers and a bor ^ 
epiiheloid cells, some of which ha 
lesced to form giant cells. HowevCT, 
and Hofstad (1964a) concluded 
lesions were produced by Mycop as 
representing other serotypes than 
Af. gaduebticum. ... . 

The organism reaches its hig cs 
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maltose SMth tiic protiucuon of acid, but 
not gas It do(.N iirjt ferment lactose. The 
fermentation of ^uirc".e has been reported 
by scscra! inscsugaiors (Grumbles el aL, 
i6j 5; Gianfoitc ri al., 1955; Adler el al., 
1959; Yamamoto and Adler. )95Sb; and 
Kleckncr. 1900). Houcser, 5'odcr and Ilof- 
stad (1904a) were unable to detnonstrate 
the fermentation of sucrose by any of the 
29 isolates of Af f;/ilhieptieum which they 
studied. Results with trehalose, mannitol, 
and galactose liave also been sariable 
Cianforte el al (1955) studied scsen iso- 
lates of .man Mstopbsraa from dillereni 
geographic areas .iml found these to be 
serologically identical and with similar 
hcinaggliitiiialuig capacities However. 
Adler el at (1937) dillcrcniiatcd at least 2 
ictoi)[)c$. Five scioi)pc$ vterc apparent as 
tciwttcd by Adler et al (1958) and were 
subsequently further charactcrirctl by 
Yamamoto and Adler (1938a. 1958b). 
Klcckncr (I9G0) described 8 scrotyjics 
dcsignatctl A through If, Serotype A was 
represented by M ga/fuepiieum, vshich has 
frctiucntly been designated .ii the SC sero- 
type (Zander. 19GI) Yoder and Hofstad 
(1902) characicriicd another serotype. All 
of these reported serotypes were included 
in the 12 Krotyjics (A ilvrough L) which 
were teccnily cliaractcrucd by Yoder and 
Ifofstail (lOGla) and in the 19 sctoiy|)cs (A 
Utrough S) charactetiad by Dicrks (1961) 
Fabticani (IDGO), Fabneant and Levine 
(1962). and Kclton and Van RockcJ (19G5) 
employed the colony inhibition technique 
to diticicmiatc various serotypes. Tliey 
IkvUi notcil that isolates rcprcsentaiise of 
serotypes E and C were indistinguishable 
by the colony inhibition technique al- 
though separable by agglutination studies. 
Adler rl al. (1901) described a uprophytic 
Mycoplasma obtained from cliUkens vshith 
was subsequently idcntiGcd as Af. laidhuU 
(Adler, IWH). Thus, there have been at 
least 20 serotypes of Mycoplasma found lo 
be associated primarily with tlie respiratory 
tract of varioui avian species. However. 
Afycopfajma gilliseplicvm is of major 
significance as a pathogen for chickens. 

M. galUtepltcMrrt is vtcll preserved in lyo- 


philizcd form and also in the frozen state 
Infective turbinates suspended in tryptose 
phosphate broth have remained infectise 
for five years stored al approximately 
—30“ C. Yoder and Hofstad (1964a) found 
broth cultures to he viable after at least 4 
years storage at — 30®C. They also ob- 
tained viable M. gallisepticum from 
lyophilized chicken turbinate suspensioiu 
which had been stored at 4® C. for approxi- 
mately 14 years. Fabricant (1953) 
covered the organism from 60 per cent, 3? 
per cent, and 13 per cent of infective 
materials stored at — 25®C. for one, two, 
and three years, respectively. Broth sus- 
pensions of infective chorioallantoic mem- 
branes lost their infectivity after 1 hour of 
exposure to 45® C., or after 20 minutes of 
exposure to 50* C. Similar material lost its 
infectivity by the third week in the t^ 
frigerator at 5®C. Olesluk and Van Ro*" 
kel (1952), however, found infective 
allantoic fluid to remain inleclive for 4 
days in die incubator, for 6 days at room 
temperature, and 32 to 60 days in the r^ 
frigerator. 

While Af. gall'ueplicum is considered the 
primary cause of dironic respiratory dis* 
ease, other organisms frequently cause 
cximplicaiions, particularly in broiler* 
(Biddle and Cover, 1957). £jc/ienfhi’fl coh 
(especially O-group 2) has been found to be 
a frequent complicating organism in cases 
of air-sac infection in broilers (Wassennan 
el al, 1951: Gross. 1956; Glantz el ol. 
1962). Newcastle disease or infectious 
bronchitis infection may precipitate out- 
breaks of Af. galtueplicum infection (Van 
Rockel cl al., 1957). The effect of Af. 
septievm, E. cofi and infectious bronchitu 
virus in singly and in multiply infected 
chickens was studied by Gross (19Gla) and 
Fabricant and Levine (1902). They reptu- 
duced a severe air-sac infection, frccjucnjl) 
designated complicated CRD or air-sac in- 
fection, when all 3 agents were combined- 
Tliey further noted that E. coti could not 
readily infect the air sacs unless they were 
previously invaded by Af. gallUepuewn 
alone or in combination with either infec* 
lious bronchitis virus or (Gross, 19Glb. 
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1962) Newcastle disease virus. Adler et al. 
(1962) and Blake (1962) noted increased 
severity and duration o£ the disease when 
both M. gallisepticum and infectious 
bronchitis virus were present. A virus iso- 
lated by Fahey and Crawley (1954a) from 
outbreaks of chronic respiratory disease h^ 
not been proved to have a significant role 
in the etiology of the disease. 

It has been postulated by Kelton and 
Gentry (1957 and 1960) that 

pleuropneumonialike organisms (PPl-U) 
associated with chronic respiratory disease 
of chickens are Informs of certain bacteria. 
This is based on the observation that 
PPLO broth cultures presumably r^ert 
primarily to staphylococci by 
transfer. However, conclusive proof that 
avian PPLO are actually L-forms of hac- 
teria has not been published. 

Transmission and incubation pcriotn 
Outbreaks of the disease are often started 
by carriers, and the disease is sprea y 
contact and by air*borne dust or * 
(Fahey and Crawley, 1955a). Van Roekel 
et ai. (1952) found evidence that ^e dis 
ease may be transmitted through the e^. 
This has been confirmed by 
gators (Fahey and Crawley. 1954b; C^er 
and Waller, 1954; Hofstad. 1957a). Th 
isolation of M. gallisepticum fro® * ® 
duct of infected hens and from the wme 
of infected roosters was reported *^7 , 

and Hofstad (1964a). 

Stuart (1943) and Van Roekel el at. 
found the incubation period to vary ro 
4 to 21 days in experimental transmission 

Hofstad (1952) found that 65 P" 

233 chicks had symptoms of nasal discharge 
between 11 and 18 days 
nasal inoculation of infective tur ina e 
pensions. . . 

Susceptible hosts. The disease is 
mon in cliickens and turkeys. Guine 
and pheasants were readily 
M. gallheplicum (Van Roekel -g. 
1953), and Osborn and Pomeroy ( . ^ 

latcd the agent from naturally i 
pheasants. Pigeons and partridges v 
eluded as susceptible hosts by .-J***^ 
et al. (1953). Natural infection m cn 


partridges (Alectoris graeca) has f®' 

MFted by Wichmann (1957) and Yoder 
Sd Hofstad (1964a). The later workers 
were unable to produce infection in pi- 
geons or Bobwhite quail {Corlmus virgin- 
lanus) although previous reports su^ 
nested the infection had occurred i 
Leons (Winterfield, 1953; Gianforte et 
ll 1955); Wills (1955) isolated the agent 
from an infected peacock (Pavo cristatm). 

Symptoms. The most charactensuc signs 
of !S*^natural disease in adult flocks are 
tracheal rales, nasal disAarge. and cougi^ 
ing. Feed consumption is reduced and the 
birds lose weight. In laying flocks egg pr - 
auction declines but is usually maintained 
at a lowered level. Male birds frequently 
have the most pronounced s^roptoms, and 
ie disease is most severe in the wimer. In 
hmiler flocks most outbreaks occur be- 
t^en 4 Ini 8 weeks of age. The s^ptoms 
Irequently more marked than oh- 

Id marm.ft“ T^e S'atian 

to InbrL lines o! chickens »!“» hav« 
a more severe form ot the disease with ^ 
loni-er duration than crossbred chickens. 

cases to vary from 21 to 68 days. 

The mortality usually ", 

growm, grading down of camass^es. 
condemnations constitute 
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FIG. 1 3.7 — Lympho'follieulor or "beading" re- 
action in air sac of experimentally irtoculaied 

turkey. (Van Roekel et al., Univ. of Mass.) 

The air sacs frequently contain caseous 
Bfuiate and may present a '"beaded" ap- 
pearance (Fig. 13.7). The tracheal mucosa 
IS usually thickened. Some degree of pneu- 
monia may be observed (Van Roekel et al.. 
1952). 

The microscopic pathology has been 
studied by Jungherr et al. (1953) and by 
Van Roekel et al. (1957). They found 
marked thickening of the mucous mem- 
brane of the affected tissues due to infil- 
tration with mononuclear cells and hyper- 
plasia of the mucous glands. Focal areas 
of lymphoid hyperplasia (lympho follicu- 
lar reaction) were commonly found in the 


$ul>mucosa (Figs. 13.8, 13.9, 13.10). John- 
sori (1954) regarded these as specific for 
chi'onic respiratory disease. Hitchner 
(1949) found them characteristic in his 
study of the pathology of infectious sinus- 
itis of turkeys. However, Barber (1962) ob- 
served similar lesions in apparently normal 
tui'keys, and suggested that the presence of 
lyiPpho follicular lesions may be of limited 
diagnostic value. In the lungs, in addition 
to pneumonic areas and the lympho follicu- 
lar changes, granulomatous lesions were 
also found. Van Roekel et al. (1957) found 
granulomatous lesions in lungs of about 22 
per cent of field cases in chickens but in 
only 7 per cent of experimentally inocu- 
lated chickens. 

piagDosis. The diagnosis of M. gal- 
lixrplleum inlccuon s'hou'ii *05 Vasti 
isolation and identification of the organ- 
UiH- Suspensions of tracheal or air-sac exu- 
date, turbinates, or lungs may be cultured 
directly in a suitable broth medium. Con- 
uminaiion may be controlled by a 1:4000 
dilution of thallous acetate and up to 
2,500 U. per ml. of penicillin. Contami- 
nanu may also be eliminated by filtering 
the suspension through a series of Selas fil* 
lets beginning with the 01 and continuing 
through the 015 and then through the 02 
filter. Both the 015 and the 02 filtrates 
should be cultured. The advantage of fil- 



FIG. 13.8 — Ssclion through nasal 
passages and sinuses of experi- 
mental chicken. Unilateral muco- 
sae thickening of sinus and nasal 
poisage. xO. (Von Roekel el al., 
Univ. of Mass.) 
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nation is that it eliminates tissue debris 
in the cultures, and the material is then 
suitable for embryo inoculation. The dis- 
advantages are that it is time-consuming, 
and the possibility exists that small 
amounts of the organism may be adsorbed 
to the filter. Contaminants may also be 
controlled by first inoculating the material 
into the sinus of a turkey. Usually the 
sinus exudate tliat results is free of con- 
taminants. 

Cultures should be incubated several 
days to a week, and if tissue debris is 
present, the culture is shaken, allowed to 


settle a few minutes, and a transfer made 
to fresh medtum. Growth may be detected 
grossly or an indicator system may be used, 
such as phenol red with maltose or tri- 
phenyltetrazolium chloride (Somerson and 
Morton, 1953). The latter is reduced by 
Af. galiisepticum, changing the broth to 
pink or red, and has been found useful by 
Yoder and Hofstad (1964). Smears made 
from the sediment after centrifugation of 
cultures at 2,500 RPM for 15 minutes and 
stained with Giemsa’s stain (2 ml. concen- 
trated stain to 50 ml. water) should reveal 
small coccoid organisms, as shown in Fig- 




FIG. JXIO-Aif toe of 7- 
weelc-old experimental chick- 
en. lyrnpho-follicular reaction. 
XlOO. (Von Roekel et at., 
Unfv. of Mast.) 
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ure 13.3. Frequently the organisms appear 
in large masses or clumps in the first fcsv 
culture passages. Enriched agar medium 
may be inoculated from the broth culture 
to study the colonial morphology. 

Further identification of AI. gallisepti- 
cum can be made by preparing an antigen 
for an agglutination plate test with a 
known positive agglutinating serum. The 
antigen may also be used to prepare, in 
chickens, turkeys, or rabbits, an antiserum 
which is then tested against a known cul- 
ture of Af. gallisepticum. The hemaggluti- 
nating capacity of the isolate should be 
tested, and if positive, a hemagglutination- 
inhibition test may be set up with known 
positive serum. It is desirable to make a 
pathogenicity test cither in the sinuses or 
air sacs of turkeys or in chickens. Evidence 
that the organism is pathogenic may be 
manifested if such an inoculation results in 
sinus swelling, air-sac exudate, and anti- 
body response to a known antigen of M. 
gallisepticum. Histological sections would 
also aid in the diagnosis (see Pathology). 

Serological procedures are available to 
aid in the diagnosis. However, since these 
tests are only evidence of recent or past 
infection, they cannot be relied upon 
solely for a diagnosis. A positive serologi- 
cal test, together with history and syrup- 
toms typical of the disease, would consti- 
tute a presumptive diagnosis. 

Treatment. M. gallisepticum is suscep- 
tible to contact with certain antibiotics: 
streptomycin, oxytetracycline, chlortetra- 
cycline, erythromycin, magnamycin, spira- 
mycin, and tylosin O^ong and James, 
1953; Domermuth and Johnson, 1955; 
Yamamoto and Adler, 1956; Hamdy et al., 
1957; Kiser et al., 1961; Yoder et al., 1961). 
However, some strains of M. gallisepticum 
have been reported to be ra^er resistant 
to streptomycin, erythromycin, and spira- 
mycin (Fahey, 1957; Yoder et al., 1961; 
Domermuth, 1958, I960; Kiser et al, 1961). 

Various antibiotics and chemicals have 
been injected or administered in the feed 
or water for the treatment of chronic 
respiratory disease (Peterson, 1953; Carson 


ef ah, 1954; Wliite-Stevens and Zeibel, 1954; 
Cover, 1955; Fahey and Crawley, 1955b; 
Lecce and Sperling, 1955; Adler et al, 
1956; Barnes et al., 1960, 1961; Gross, 
1951b; Heishman et al., 1960, 1962; Kiser et 
al., 1960; Olesiuk and Van Roekel, 1959; 
Olesiuk et al., 1957, 1964; Olson et al., 
1959, 1960). The resulU of the various 
treatment studies have been variable, prob- 
ably reflecting the varied complicating in- 
fections present in a wide spectrum of age 
groups under diverse conditions. In many 
cases it is doubtful if the small increase in 
weight gains or egg production and moder- 
ate reduction of carcass condemnations is 
sufficient to cover the cost of treatment. 
However, some of the more commonly em- 
ployed treatments which tend to provide 
favorable results include the use of oxy- 
tetracycline or chlorietracycline at 20(M00 
grams per ton of feed for at least several 
days. Such broad spectrum antibiotics have 
been potentiated with approximately 0.5 
per cent terephthalic add and sometimes 
a reduced calcium ration. Tylosin has been 
injected subcutaneously at 3-5 mg. per 
pound of body weight or administered at 

2- 3 gm. per gallon of drinking water for 

3- 5 days. Antibiotic injections of infected 
breeding stock to control egg transmission 
have been widely used (see Control). 

Immunity. Chickens which have re- 
covered from clinical signs of the disease 
have some degree of immunity. Such flocks, 
however, carry the organism and can trans- 
mit the disease to susceptible stock by 
contact or can infect the progeny of the 
flock by way of the egg. (For immunization 
see Prevention and control.) 

Serological procedures. Jungherr et al. 
(1933) first recognized the possibilities of 
certain serological procedures in M. galli- 
septicum infection. The rapid serum plate 
test was used by Adler (1954). Antigen 
is prepared according to the procedure 
of Adler and Yamamoto (1956a) or Hof- 
stad and Doerr (1956) or Hall (1962). The 
test is performed by placing a drop of 
serum on a white porcelain or glass plate 
and mixing with a drop of stained anti- 
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gen. After the drops are mixed to make 
a spot about 2 cm. in diameter, the plate 
is rotated gently and the test read within 
2 minutes. Turkey serum reacts more 
slowly than chicken serum in the test. 

The tube agglutination test was found 
more reliable than the plate test by Jung- 
herr el ol. (1955). It was also found more 
reliable than the plate test in testing tur- 
key serum (Hofstad, 1957b). The antigen 
prepared for the plate test can be used 
in the tube test when diluted 1:20 in 
phenolized (0.25 per cent) buffered saline 
(pH 7). For routine flock testing, it is sug- 
gested that the 1:12.5 dilution (.08 ml. 
serum plus I ml. antigen) be used. The 
test is read after overnight incubation at 
37'’ C. Clearing of the supernatant fluid, 
with clumps of antigen covering the entire 
bottom of the tube, is indicative of a posi- 
tive test. 

The hemagglutination-inhibition (HI) 
test has been used by Fahey (1954), Fahey 
and Crawley (1954b), Crawley and Fahey 
(1957). Hall et al. (1961), Hofstad (1957b), 
and Yoder and Hofstad (1964a). The pro- 
cedure of she HI test is essentially the same 


as the one used in Newcastle disease. The 
antigen used may be prepared by grovwng 
a suitable hema^lutinating strain of M. 
galliseptiaim in broth. The antigen 
should be harvested at the peak of hemag- 
glutinating (HA) activity. The organism is 
centrifuged out at 4,500 RPM for 1 hour 
in a refrigerated centrifuge. It is then sus- 
pended in 50 per cent glycerin and stored 
in the freezer. The HA titer is determined 
by making two-fold dilutions in 0.5-inl. 
amounts of buffered saline (pH 7) con- 
taining a 1:1000 dilution of normal serum. 
Washed 0.25 per cent chicken or turkey 
red blood cells are added in 0.5-ml. 
amounts to each dilution of the antigen. 
The test is read when the cell controls 
have sedimented, usually after 1 hour at 
room temperature. Agglutination is recog- 
nized by a uniform layer of cells covering 
the entire bottom of the tube, while in the 
negative tube a button of cells is found in 
tlie center of the bottom (Fig. 13.11). No 
eluiion occurs, so the test can be read at 
any time after 1 hour. If turkey cells are 
used, usually a two-fold higher titer is 
obtained than with chicken cells. 



FIG. 13.11 — HemggglutInotion-inhibUion (HI) test. (Bottom tow) Titration of 
antigen (M. gallUepIkum). From left to rigfit4 lubes show oggiuiinationof rea 
cells; tube 5 is intermediate; tubes 6 and 7 show normol settling of red cells. 
(Top row) Negative serum iri HI test. Tube I is serum control; tubes 2 through 
5 show ogglutinallon of cells; tube d is a saline blank with no red eelJs; tube 
7 Is cell control. (Second row from tOft) Positive serum-law titer; tube 1 >s 
serum control; tubes 2 and 3 show compleie inhibJfion,- tube 4 shows popiol 
Inhibition; tubes S—7 show no Inhibition. (Third row from top) Positive 
*ervm — higher titer; inhibition througb tuba 6. 
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Tlie HI procedure enn be used for boili 
chicken or turkey scrum \Vhcn testing 
chicken scrum, ■} HA units arc used in the 
test, svhile 2 HA units can be used for 
turkey scrum One HA unit is contained 
in the highest dilution of antigen svliicli 
causes complete agglutination of 05 ml 
of 0.25 per cent icd blood cells To set up 
Uie test, a senes of 10 tubes arc placed in 
a rack for each chicken scrum sample to be 
tested. To tube 1 is .idded 0 3 ml of dilu- 
ent, to tube 2 is added 0 5 ml of antigen 
containing 8 H.A units, .ind to tubes 3 
through !0 is added 0 5 ml of antigen con 
taming ! H \ units Using a I ml. pipette. 
0.2 ml of scrum is remosed from the 
serum sample and placed in tube I to make 
a 1-5 dilution of serum Tube I becomes 
the scrum control The contents of tube I 
are mixed \>uh the pipette, .iml a 0.5-ml. 
amount is transferred to tube 2 Using the 
same pipette, uso-fold dilutions arc con- 
tinued through tube 10. disarding 0.5 ml 
from tube 10 after mixing has been done. 
Negative and positive scrums should be 
included as controls A 0 5-ml. amount of 
0.25 per cent red cell suspension is then 
added to each tube: the rack is shaken and 
set at room temperature for I hour after 
which the test can be read. A positive 
serum will inhibit agglutination to a cer- 
tain dilution of serum. The results may 
be recorded as HI units (highest dilution 
of serum in which there is complete inhi- 
bition X the HA units used). For example, 
if the end point of inhibition is the 1:320 
dilution, the serum would contain 320 X 
4, or 1,280 HI units. 

Prevention and control. Strict isolation 
of the flock should be maintained to avoid 
introduction of the disease into a clean 
flock. Breeding males should not be added 
to a flock unless they are from clean flocks 
as determined by negative serological lesu 
for evidence of chronic respiratory disease. 
Replacements should be by day-old chicks 
originating from breeder flocks found free 
of chronic respiratory disease by serological 
tests. 

Various inactivated vaccine preparations 
were reported to be of little value in pre- 


venting infection by I’ricr 

and Dait (1^51) -md Adler el at. (1%0). At- 
tempts to immunirc young birds with in- 
fective M. gallue/iticum preparations 
inoculated intramuscularly have not been 
very satisfactory (Adler et at., 1060, and 
Domemiuili, 11)02). Infective preparations 
titoculaicd via the respiratory route gave 
somcv»Ii.u better protection against sub- 
sequent clialicngc (Nfc.Mariin and Adler, 
19til) and has been explored further to de- 
termine its elfcct on egg transmission of 
M. ^allueplictim to their progeny (Olson 
ct at., 1962, 1901, and Fabricant and Le- 
vine, 1063). The {sossible benefit of some 
reduction of egg tranunissioii must be 
evaluated in the light of the ha 2 .vrd of per- 
petuation of the disease and the produc- 
tion of flocks uhich will be reactors when 
tested by the serologic procedures em- 
ployed with most other control cfloils. 

Elimination of the disease in infected 
breeding flocks is a diincult problem, par- 
ticularly when the flocks cannot be dis- 
posed of because of valuable inbred lines 
and families. One method is the hatching 
of small groups ol a few hundred chicks in 
isolation and separating the clean groups 
from the infected ones by serological pro- 
ccslurcs. Tltis proccvlurc has been trictl 
vvilli some success by Dunlop and Stroui 
(1956). The proccilurc is diflicuU to follow 
for most large breeding establishments 
vvhcrc isolation areas are not available. 

Attempts to eliminate egg transmission 
of the infection by moniltly intramuscular 
injections of 200 mg. of streptomycin and 
dihydroslrepioniycin in infected breeder 
flocks (Crawley and Fahey, 1955; Adler et 
at., 1950; Von Rockcl el at., 1958) have not 
been found to be consistently effective. 
Tlie use of other antibiotics for tltis pur- 
pose is currently being evaluated. 

Tlie dipping of warm hatching eggs in 
cold solutions of antibiotics, especially 
erythromycin and tylosin at approximately 
400-1000 p.p.m., has been investigated as a 
means ol reducing egg transmission of M- 
gallisepticum due to the effects of the ab- 
sorbed antibiotic (Chalquest and Fabri- 
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cant, 1959; Levine and Fabricant, 1962: 
Olson et a!., 1962; Stuart and Bruins, 1963; 
Hali et al.j 1963; Yoder and Ho&tad, 
1964b). Alls et al. (1963, 1964) reported on 
the various factors affecting the perme- 
ability of dipped eggs and on the mechan- 
ics of the dipping process. 

In general the dipping process has re- 
duced, but not completely eliminated, the 
possibility of egg transmission. The influ- 
ence on hatchability has not been consist- 
ently favorable, and the problem of bacte- 
rial contamination of dipped eggs has fre- 
quently been significant. The process is 
not recommended for tvidespread routine 
use at this time. 

Although no consistently effective pro- 
cedure has been developed for the control 
of M. galUsepticum infection in chickens, 
the application of one or more of the cur- 


rently available procedures may lead to the 
establishment of clean replacement breed- 
ers. Strict attention must be given to sani- 
tation and isolation procedures. The sero- 
logical tests offer considerable aid in de- 
termining the M. gallisepCccum status of 
flocks at various times, but cannot be used 
to eliminate infection from a flock by the 
testing and elimination of individu^ re- 
actor birds, such as those used in the con- 
trol of pullorum disease. Repeated ran- 
dom testing of 5~10 per cent of the birds in 
a flock may be adequate for preliminary 
investigations, but the testing of 100 per 
cent of the chickens in a flock near the time 
of sexual maturity probably is necessary to 
esublish the status of breeder flocks. Moul* 
ibrop (1962) reported on the favorable per- 
formance of broiler chicks raised from Af- 
gallisepucum-hee breeder stock. 
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of the affected birds reacted to tlie meli- 
tensis agglutination test in dilutions of 
1.50 to 1:600. Zwick and Zeller (1913) un- 
successfully attempted to infect fowl by re- 
peated subcutaneous, intramuscular, intra- 
peritoneal, and intravenous injections of 
ilr. abortus. Koegel (1923) tried to pro- 
duce infection in chickens and pigeons bv 
feeding and injecting large doses of Br. 
abortus These birds gave agglutination 
reactions in titers of 1'200 to 1 1000 but 
showed no s>mptoms Emmel and Huddle- 
son (1929) and Huddleson and Erainel 
(1929) claimed to have produced infec- 
tion m fowl by feeding naturally infected 
milk, portions of an aborted fetus, and cul- 
tures They also claimed to have found 
natural Brucella infection in four flocks. 

A >ear later Emmel (1930b) found that 
turkeys, pheasants, ducks, and geese could 
be infected by feeding massive doses of the 
organism During the same year he found 
16.5 per cent reactors to the agglutination 
test in a flock of 90 chickens (Emmel, 
19S0a). Many of these birds were in poor 
condition, and the egg production was low. 
According to Anguelov (1931) brucellosis 
is very prevalent, especially in modern 
poultry plants in Bulgaria. McNutt and 
Purwin (1930a, 1930b) tested 20 flocks 
with the agglutination test and found only 
a small percentage of reactors, none of 
them showing symptoms Attempts at pro- 
ducing infection by feeding and injection 
failed, as no symptoms were shown and 
no deaths occurred They furtlier tested 
10,000 birds in 69 flocks and obtained less 
than 2 per cent reactors, the highest per- 
centage in any one flock being 12. Here 
again no evidence of illness was observed 
Strange and Beach (1931) failed to pro- 
duce clinical disease in 32 chickens by feed- 
ing and injection of cultures. Gilman and 
Bninett (1930) tested 4 flocks of chickens, 
finding only a small percentage of reactors 
to the agglutination test. They conclude, 
however, that the evidence points to the 
presence of natural infection in latm 
flocks. McNutt and Purwin (1932) found 
laying pullets susceptible to infection with 
Brucella to the extent that egg production 


was slightly decreased temporarily. In 10- 
day-old chicks no ill effects were produced. 

Van Roekel and his co-workers (1932) 
tested 25,202 chickens in 53 flocks with the 
agglutination test. The area covered 
represented approximately every county in 
Massachusetts. The total chicken popu- 
lation in these flocks was 70,479 birds. Two 
dilutions (1:25 and 1:50) were used. No 
reactors were found. Thirty flock owners 
fiad other livestock on the premises, and 
nine permitted the chickens to come in 
contact with the livestock. On three farms 
where reactors were found among cattle, 
the chickens were not allowed to come in 
contact with the cattle. 

Two hens were given twelve feedings of 
a saline suspension of the organism during 
a period of 17 days, and agglutinins were 
detected 16 days after the first feeding. 
However, at no time were agglutinins well 
established in the blood stream, and the 
liter b^an to decrease two weeks after ag- 
glutinins were first detected. The birds 
were killed 28 days after the first feeding. 
Pathological and bacteriological findings 
were negative. Two hens were given three 
miraperiioneal inoculations with a saline 
suspension of the organism. Agglutinins 
were detected 7 days after the first inocu- 
lation, and a strong titer had been es- 
tablished at 4 weeks. At the end of 7 weeks 
the birds were killed, and no pathological 
or bacteriological evidence of infection 
was observed. Two males were given nine 
itiiraperitoneal inoculations with a saline 
suspension of the organism. Inappetence, 
somnolence, ruffled feathers, and decrease 
in body weight resulted. Agglutinins were 
present in the blood stream 9 days after 
the first feeding. Necropsies were per- 
formed 20 days after the first feeding, and 
Br. abortus was recovered from both in- 
dividuals. One male was given three intra- 
venous inoculations with a saline sus- 
pension of the organism. Clinical 
symptoms were observed. Agglutinins were 
established in the blood stream between 
the fourth and nineteenth days after the 
first inoculation. A necropsy was per- 
formed on the nineteenth day and Br. 
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losis They believe that the disease exists 
in wildlife including mammals, birds, rep- 
tiles, amphibians, and even fish. The role 
of ticks and mites in the spread of brucel- 
losis is discussed. 

Jurado et oi (1951^ studied expert 
mental brucella infection in chickens and 
found that agglutinins were produced 
There were no signs or lesions of disease 
and the bacteriological findings were nega- 
tive. They concluded that chickens in 
Brazil are scarcely, or not at all. significant 
as a reservoir of Brucella abortus and con- 
sequently of no epidemiological impor- 
tance. 

Spread. Felsenfeld et al. (1951) demon- 
strated transmission from artificially in- 
fected chicks to uninfected pen mates. The 
organism was found in droppings from in- 
fected birds. They also demonstrated that 
other diseases, such as coccidiosis or pul- 
lorum disease, increased the susceptiblliiy 
of chickens to brucella infection. It ap- 
pears that avian species become infected 
only under conditions of severe exposure 
or under other circumstances which de- 
crease normal resistance. Spink (1956) 
noted the marked resistance of chickens to 
Brucella abortus and Brucella melitensis 
in contrast to the marked susceptibility of 
the chicken embryo. The conclusion was 
that "it is doubtful that chickens or ocher 
birds can be considered a significant reser- 
voir of brucellosis.” This conclusion is in 
agreement with that of Pagnini (1939). 

Symptoms. Most authors have failed to 
observe symptoms of brucellosis in birds, 
and it is not certain that the symptoms 
described by others have actually been due 
to this disease. Dubois (1910) attributed 
the following symptoms to bmcellosw. Be- 
tween the months of March and June. 
1910, 140 of 200 birds died. Young as well 
as old birds were affected. The disease 
appeared in a peracute and subacute form, 
killing birds in a few hours to 8 to 10 days. 
In tlie peracute form the birds died wiA- 
out previous symptoms. In the subacute 
form there was first loss of appetite; then 
the birds became weak and walked with 
difficulty. During the last 3 to 4 days they 


squatted and crowded together with ruf- 
iled feathers and drooping wings; they 
could easily be caught; sometimes they had 
greenish diarrhea. At last tliey became ex- 
tremely emaciated. The following symp- 
toms were recorded by Emmel and Huddle- 
son (1929): "The birds first went off egg 
production and usually developed severe 
diarrhea. A gradually increasing paleness 
about the head, comb, and wattles, and 
emaciation occurred. Before death the 
birds became weak and often showed 
paralysis. The course of the disease ranged 
from 18 to 46 days.” 

Pathology. Dubois (1910) observed 
swelling of the spleen and liver and 
petechiae on the lungs. Emmel and Hud- 
dieson (1929) recorded the following ana- 
tomical changes: In the early stages of 
the disease the spleen was generally en- 
larged; later in the course of the disease 
it became shrunken. The liver was pale, 
mottled, and showed numerous brownish 
or gray foci on the surface; at death it had 
become pale and friable. The kidneys were 
also pale and showed some degeneration. 
The ovary was in the process of atrophy 
with flaccid ova of a dirty yellowish color. 
The intestines showed inflammation with 
some necrosis. In the duodenum there were 
irregular, elevated areas of cell infiltration. 
Seller and Stockmayer (1933) mention 
enlargement of the liver and very rare oc- 
currence of necrotic foci in the spleen. 

Diagnosis. The isolation and identifica- 
tion of one of the members of the genus 
Brucella constitute the only positive diag- 
nosis. To be sure, agglutination and aller- 
gic tests have been employed successfully 
in experimental work. However, positive 
Yests may be obtained with birds that can- 
not be proved to be infected by bacterio- 
logical examination, and Emmel and Hud- 
dieson (1929) found that the birds often 
gave a negative agglutination test in the 
last stages of the disease. Pavlov (1938) 
found that the agglutinins disappeared 
front the blood two months after infection, 
while Beller and Stockmayer (1933) found 
^lutinins in the blood a year and a half 
after infection. The difference between the 
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observations of Pavlov and Beller and 
Stockmayer may be due IQ a difference in 
the duration of the infection. According 
to Pavlov the allergic state remains longer 
than do the agglutinins in the blood. The 
allergic test was made by injecting a test 
substance, prepared according to Dubois 
(1935), into the skin at the point of the 
wing after removal of a feiv feathers. 

Treatment and prevention. A number 
of drugs including the tetracyclines, chlo- 
ratnphcnicol, the streptomycins, sulfadia- 
rine, and corticosteroids have been found 
to be effective for treating brucellosis in 
man. They have not been tested in poul- 
try, Although similar beneficial effect may 
be anticipated in treating poultry, it is 
doubtful if treatment would be indicated 
except under unusual circumstances. Since 


birds can become infected with Brucella 
and may thus serve as agents of transmis- 
sion, not only to other birds but to mam- 
mals as well, one should take steps to pre- 
vent fowl from being in contact with in- 
fected mammals. Good poultry hygiene de- 
mands that poultry should be confined 
within premises set aside for this type of 
livesmek and not be allowed in barns, hog 
yards, etc. The practice of throwing dead 
chickens on tlic manure pile or elsewhere, 
where hogs or other birds may eat them, 
IS to be condemned. Should a farm flock 
be found to be affected svith brucellosis, 
the safest thing to do is to destroy the flock, 
disinfect the premises, and restock after 
leaving the poultry house and yards idle 
for several months. The testing and 
slaughter method fs not applicable in 
poultry practice. 
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Anthrax 


Anthra\ is caused by Bacillus anthtacis 
\shidi in susceptible hosts produces an 
acute septicemic (bacteremic) infection 
diaractcnzed mainly by fever, slight co- 
agulation anti dark discoloration of the 
blood, swelling of the spleen, and edema 
and hemorrhages in various tissues. 

Anthrax occurs rarely in birds. The 
rather frequent reports on cases of avian 
anthrax found in the literature of the 
nineteenth century were not based on 
bacteriological examinations, and it seems 
reasonable to assume that the great losses 
recorded may have been due to cholera or 
plague. The opinion expressed by Pasteur 
(1878), that chickens under ordinary con- 
ditions are resistant to anthrax. U shared 
by nearly all authors. Heusingcr (1850) 
claimed that fovtl could be fatally infected 
with anthrax. He is also responsible for 
the supposition that this disease occurred 
in epidemic form among chickens in Ger- 
many during the years 18S2 and 1855. 

EXPERIMENTAL WORK WITH 
AVIAN ANTHRAX 

Artificial infection. Feser (1879) in- 
jected tvvcniy-four chickens subcutaneously, 
and gave oUicrs anthrax badlli in their feed 
for weeks without producing a single case 
of anthrax. Ocralcr (1879) fed anthrax 
material to eight duci^ and twenty-eight 
diickcns. The ducks sickened in 24 hours 
and soon died, while none of the chickens 
became ill. Only negative results were ob- 
tained by Koch ct al. (1834) who gave their 
diickcns large numbers of spores in feed. 
Pcrroncito (1885), Kitt (1886), and Hess 
(1887) were unsuccessful in their attempu 
to produce anthrax in dtickens. In exten- 
sive experiments with anthrax in fliirk<>n, 
Hoflierr (1910) failed to produce the dis- 


ease even when giving large quantities of 
anthrax material to birds that were greatly 
weakened by starvation, thirst, cold baths, 
feeding of powdered glass, lime, vegetable 
diet, etc By feeding a very large quantity 
of infectious material, one rooster that was 
already sick and one chick were infected. 
Fatal infection was produced, by feeding, 
in 25 per cent of the ducks and 100 per 
cent of the pigeons employed in his ex- 
periments. Thus, Hofherr showed that 
pigeons and ducks are susceptible to an- 
thrax and that healthy chickens are ordi- 
narily resistant but not always completely 
immune. Hunger and youth predispose to 
infection and so does lowered body temper- 
ature as was shown by Pasteur in 1878. 

Mechanism of resistance. The mecha- 
nism of resistance of chickens to anthrax 
infection was studied very carefully by 
Wagner (1890). His work on forty-six 
chi^ens showed that under ordinary con- 
ditions chickens are resistant to this dis- 
ease and that the immunity is due to 
phagocytic action of leukocytes. Anthrax 
badlli can grow and maintain their viru- 
lence in the body of the chicken. The 
presence of the organism in the tissues is 
not without eSect as shown by fever and 
cellular infiltration at the point of local 
infection. The resistance of chickens can 
be broken down by pladng them in cold 
water baths for several hours or by giving 
them antipyrin or chloral hydrate. Sub- 
merging the chickens in a water bath for 
several hours resulted in death from an- 
thrax in all of six birds. Antipyrin lowered 
the resistance to the extent that six out of 
eleven birds died of anthrax. In the case 
of chloral hydrate only one bird out of 
eight died. lowering of tlie body temper- 
ature was shown to interfere with the mi- 
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gration of leukocytes to the point of itj. 
fection. By use of the cold water bath t^e 
body temperature could be brought to ^ 
lower level and held there longer than hy 
antipyrin and chloral hydrate. This may lie 
the reason why the cold water bath tg. 
duced resistance more effectively than tl^e 
other two agents. Mollhoff (1910) tried 
determine the reason for the great resls- 
lance of birds to anthrax, and, on the basis 
of his experiments, drew the conclusion 
that the bactericidal action of lymph ai\d 
blood play an important part, and that the 
high body temperature of the birds is le^j 
important. 

NATURAL INFECTION 

Anthrax in chickens. The only defini. 
live diagnosis of anthrax reported in chick, 
ens was made by Serafimov (1961). Tltg 
organism tvas isolated from the bone maK 
row of two dead hens. Lesions were not 
described. Oral administration of massive 
doses of the isolates to normal chickens 
failed to produce the disease. The hen^ 
had been in a yard in which a heifer ha*i 
died of anthrax within the month. It was 
speculated that nutritional deficiencies ex. 
isting In the birds at the time of infet^ 
tion, coupled with massive exposure, coi^. 
tributed to the infection. The nutritional 
deficiencies were not specified. 

Anthrax in the ostrich. Epidemics of 
anthrax have been observed in the ostrich. 
The disease usually runs an acute ojurse^ 
but subacute cases occur, often terminating 
in recovery. Anthrax in the ostrich was 
first reported by Henning in 1894. Roberl. 
son (1908) reported on a case in an ov 
trich, and later Theiler (1912) and Wartj 
and Gallagher (1920) desaibed the di^ 
ease in detail. 

Pathology, Anthrax bacilli are present 
in all organs and do not differ, even will] 
respect to pathogenicity, from those iso. 
lated from mammals. The following lissub 
changes may be observed: Slight coagu. 
lation and dark discoloration of the blood; 
increase in the fluid in the thoracic anq 
abdominal cavities; petecliial and larg^ 
heiDorrbages in tlie periard’^-n^^^ peri. 


mnetun, and mesentery; sometimes gelat- 
inous infiltrations in the subcutaneous 
and deeper tissues: very frequently there is 
hemorrhagic enteritis; edematous swelling 
and hemorrhages in many places in the 
submucosa; not infrequently there may be 
a mass of blood in the lumen of tlie colon; 
the spleen, liver, and kidneys show swell- 
ing and congestion with blood; as a rule 
the lungs and stomach appear normal. 

Anthrax in ducks. In birds other than 
the ostrich, anthrax appears only sporadi- 
cally. Gerlach (1923) described a case of 
natural infection in a duck. This case oc- 
curred shortly after a few pigs had died 
of anthrax on the same farm. Ubertini 
(1939) reported on an outbreak of an- 
thrax in ducks. These ducks were kept with 
about 100 chickens. There were two vari- 
eties of ducks — the common kind and five 
“mute” ducks (Coirina moschala) These 
five became ill and died while none of the 
others nor the chickens were affected. This 
outbreak occurred about 10 days following 
the death of a cow from anthrax. 

Pathology. The following tissue changes 
have been observed: edematous swelling 
of the head, throat, and upper part of the 
neck, sometimes extending along the entire 
length of the esophagus, resembling a sac 
filled with fluid; the skin bluish-red in the 
affected areas; cyanosis of the mucosa of 
the head; gelatinous infiltration of tlie 
pharyngeal mucosa; inflammation of the 
intestinal mucosa; and other changes such 
as those recorded in the following de- 
scription by AJraeyew of a case of anthrax 
in an eagle. 

Anihrax in birds in zoological gardens. 
Almeyew (1936) reported that anthrax 
had been observed in zoological gardens 
following the feeding of meat containing 
large numbers of anthrax bacilli. The 
source of the meat was unknown. He gave 
detailed results of a necropsy on the car- 
cass of an eagle that had died of anthrax. 
This eagle was sent from the Zoological 
Garden in Kasan, eastern Russia, where it 
had died suddenly May 12, 1935. 

The postmortem findings were mainly 
as follosvs: The nutritional stale of the 
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carcass was fair; there was only slight 
muscular rigidity. The visible mucous 
membranes of the oral cavity showed a pale 
gray color and thick slimy coaling, on the 
removal of which one could obserx’e pas- 
sive hyperemia. The tongue was covered 
with a slimy mass. The spleen was greatly 
enlarged; the capsule was distended and 
the pulp soft, discolored, and moist; in 
the pulp there were sharply circumscribed 
nodules from the size of pinheads to that 
of millet seed, reddish-brown or grayish- 
red in color; the cut surface was dull. The 
liver was enlarged, distended, and hyper- 
emic; under the capsule and throughout 
the parenchyma there were hemorrhagic 
and necrotic foci The cut surface was 
moist, and the vessels were distended The 
kidneys were much enlarged, hyperemic, 
spotted, gray-yellowish-brown in color and 
were studded with hemorrhages and ne- 
crotic foci. The cut surface was moist, and 
the exuding blood was only slightly coagu- 
lated; the cortical and medullary layers 
were hyperemic and studded with grayish- 
red foci. The adrenals were edematous, 
hyperemic, and showed numerous hemor- 
rhages; the serous membrane was dull and 
showed petechial hemorrhages. The lungs 
were edematous, hyperemic, and dark 
bluish-red in color; the surface was moist 
and studded with petechial hemorrhages. 
The pericardium was distended, of dull 
bluish-red color, and contained a yellowish- 
red transudate. The heart muscle was soft, 
being pale loam-colored and parboiled in 
appearance. The stomach was collapsed 
and grayish-blue; the vessels of the serosa 
were filled svith blood; the stomach wall 
was thickened, the raucous membrane 
tvrinkled, dark, and covered with mucus. 
The duodenum ivas dark red and showed 
numerous petecliial hemorrhages, and the 
mucous membrane was covered with a red- 
dish-brown mucous mass. The surface of 


the large intestine was dark brownish-red, 
the svalls thickened, and the mucous mem- 
brane covered with a brownish mucous 
layer. 

Mollet (1913) and Urbian (1946) point 
out the possibility of mechanical dissem- 
ination of B. anthracis by free flying birds 
feeding on infected cadavers and offal. 

Diagnosis. A presumptive diagnosis of an- 
thrax in birds may be established by micro- 
scopic examination of stained films from 
blood, edematous fluid, or tissues in which 
anthrax bacilli usually are present in large 
numbers. It is well to confirm the diagnosis 
by cultural methods because of the possi- 
bility of mistaking saprophytic organisms 
for anthrax bacilli. The AscoH precipi- 
tation test is a quick and reliable diagnostic 
procedure. 

Treatment and prevention. The pro- 
phylactic value of vaccination of birds U 
unknown; the rare occurrence of the dis- 
ease probably would not warrant its use 
even if effective. Specific antiserum as well 
as penicillin and oxyietracycline have 
proved effective in treating the disease in 
mammals. The value of these treatments 
for the disease in birds is unknown. Sani- 
tary methods should be used to prevent 
spread of infection. Sick birds should be 
removed promptly, killed, and burned. 
Under no circumstances should dead birds 
be allowed to lie around so that other birds 
may pick at them or eat them. Contami- 
nated ground should be fenced off, and 
houses should be thoroughly cleaned and 
disinfected. Litter, rubbish, and equip- 
ment of little or no value should be 
burned. Valuable birds that show no 
symptoms may be confined, preferably in 
houses with good cement floors where 
proper disinfection is possible. If the birds 
are few in number and of little value, it 
may be preferable to destroy the whole 
flock to facilitate the cleaning-up process. 


^me)ew H. S.: 1936 Anthrax beim Vogd. Deulsch. tiCTlntl. Wochenschr. 44-375 

•“* Milibrand be.m Hausgeflugel. Adams Wochenschr. 
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the disease in toucans {Rhamphastos 
cuvieri Gould and R. ariel Vig.). Beau- 
delte (1940) reported on a case of pseudo- 
tuberculosis in a blackbird. Bacteriological 
investigations were made in the years 1938 
to 1945 by Karlsson (1945) of 80 cases of 
pseudotuberculosis in domestic animals, 

13 of which were found in birds, including 
10 cases in turkeys. 

Clapham (1953) observed pseudotuber- 
culosis among stock-doves in Hampshire, 
England, during December, Jantiar), and 
February. In a search for the source of in- 
fection, P. pseudotubercnloits was isolated 
from a lark, a wood pigeon, a jackdaw, a 
rook, and a hare. The organism was also 
isolated from a rabbit in Hertfordshire and 
from two pigeons from Norfolk during 
this period. The authors had isolated the 
organism previously from gray partridge, 
pheasant, and bobwhitc quail. 

Van Donsen (1952) isolated P. pseudo- 
tuberculosis from a bantam hert that had 
died. Multiple necrotic foci were seen in the 
liver and spleen. The organism was patho- 
genic for guinea pigs 

Marthedal and Villing (1954) have ob- 
served seven outbreaks of pseudotubercu- 
losis among pigeons in Denmark since 
1950. There had been one case in a turkey 
and seven outbreaks in ornamental birds 
(canaries, snowbuntings, and waxwings). 
The organism isolated was P. pseudolu- 
berculosis rodenlium. 

Thai (1954) studied 186 strains of P. 
pscudotuberculosis; of these, 33 were iso- 
lated from eight species of birds. All were 
biochemically identical; there were five 
serologically distinct groups. Most strains 
in group III produced thcnnolabile exo- 
toxins, convertible to toxoids. Experi- 
mentally, anti-infection immunity was pro- 
duced with live avirulent strains, thus 
protecting against infection with atoxic 
strains and subtoxic culture doses of toxic 
strains. Antitoxic immunity protected 
against toxin, and, to a degree, agaimt in- 
fection witli toxic strains, but not against 
infection with atoxic strains. 

P. pscudotuberculosis was isolated from 
wild pheasants (Phastanus colchinu), par- 


tridge (Perdix perdix), and from a long- 
eared owl (Asia o. otus) by Borg and Thai 
(1961). 

Etiology. The cause o£ this disease was 
first observed by Malassez and Vignal 
(1883) and was named Bacterium pseudo- 
tuberculosis rodentium by Pfeiffer (1890). 
Topley and Wilson (1936) and Breed et al. 
(1957) use the name Pasteurella pseudo- 
tuberculosis. In these two books and in the 
review of the literature on this disease by 
Beaudette (1940), there are complete de- 
scriptions of this organism. The earlier d^ 
scriptions have been incomplete, making it 
difficult to identify newly isolated organ- 
isms on the basis of the available literature. 
Hutyra et al. (1938) claim that the desig- 
nation, Pasteurella pscudotuberculosis^ is 
a misnomer. However, this name is used 
here in conformity with the nomenclature 
accepted by the Society of American Bac- 
teriologists. 

The organism, which is not acid-fast, is 
a Gram-negative small rod 0.8 by 0.8 to 2.0 
microns with rounded ends. Coccoid or 
long filamentous forms occur. It grows at 
37* C. but optimally at 30° C. Motility 
develops at 30° C. or less and H antigens 
are produced if incubated at 22° C. Colo- 
nies after 24 hours at 57* C. are circular, 
0.5 to 1.0 mm. in diameter, translucent 
and slightly yellow. Many types of media 
support growth. Acid but no gas is pro- 
duced, sometimes only after prolonged in- 
cubation, from dextrose, maltose, man- 
nitol, arabinose, xylose, rhamnose, salicin, 
and glycerol. Sucrose is sometimes fer- 
mented with acid production. It is HsS-f-, 
indole — , methyl red-]-, catalase-j-. methyl- 
ene blue is reduced, nitrates are reduced 
and ammonia is produced. 

Occurrence. In the United States a 
definitely identified case of avian pseudo- 
tuberculosis in a blackbird was reported 
by Beaudette (1940) in New Jersey. Rosen- 
wald and Dickinson (1944) studied several 
outbreaks of pseudotuberculosis in turkeys 
in Oregon. Maihey and Siddle (1954) iso- 
lated P. pscudotuberculosis from an 8- 
month-old tom turkey which died and 
showed typical lesions of pseudotubercu- 
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Lo»s. There is a report by Kinyoun <1906) 

“‘Man .t’«\."(l962TWS P. pseudo- 
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Clark and Locke (1962) 
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particularly susceptible. During “'d 
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Pathogenesis, in -sccpuble bnds^^ 
organism gains entrance 
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discoloration o£ tlie sUn have also been 
observed. In the early stages of the chronic 
fonn of die disease, the birds may eat 
normally, but the appetite is usually com- 
pletely lost 1 or 2 d.iys before deatli. 

Anatomical changes. In highly acute 
cases the only changes observed are swell- 
ing of the spleen and enteritis. Subacute 
or chronic cases result in enlargement of 
the liver, spleen, kidneys, and lungs. Yel- 
lowish-vvhitc foci the size of millet seed 
may be found in the liver, spleen, lungs, 
kidneys, and breast muscles There is usu- 
ally severe enteritis, which is sometimes 
hemorrhagic The serous cavities may 
sometimes contain more or less clear fluid 
Prognosis and diagnosis. The prognosis 


is unfavorable. A definite diagnosis can be 
establislied only by isolation and idenufi- 
cation of the organism since the symptoms 
and lesions are very similar to those of 
several other diseases such as fowl cholera, 
fowl typhoid, paratyphoid, spirochetosis, 
tuberculosis, and certain forms of the 
leukosis complex. In making a bacteri- 
ological examination, one must remember 
that the organism can be found in the 
blood in acute cases but must be sought in 
tissues in chronic ones. 

Treatment and prevention. No medic- 
inal treatment is available. Protective vac- 
cination has not proved successful. There- 
fore. one must depend on the usual 
saniury and hygienic procedures in com- 
bating this disease. 
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Tetanus 


Tetanus is an acute infectious disease 
caused by the toxin of Clostudtutn lelam 
and is characterized by more or less per- 
sistent tonic spasms of some of the volun- 
tary muscles resulting from an increased 
reflex irritabijity of the intoxicated motor 
nerve centers. The toxin is elaborated in 
infected wounds providing suitable con- 
itriiDns 'tor growin anil reproduction di 
the tetanus bacillus- Anaerobic wounds in 
which there is necrotic tissue or blood 
effusion are particularly favorable. 

Occurrence. Birds are comparatively 
very resistant to tetanus. Knorr (1899) has 
shown that the lethal dose of tetanus toxin 
for fowl per kilogram of body weight is 
200,000 times greater than that for the 
hone. This fact no doubt accounts for the 
scarcity of reports dealing with tetanus in 
birds. 

Tetanus or tetanuslike disease in birds. 
Dreymann (1894) reported on a case of 


illness resembling tetanus in a turkey. Four 
to 5 days after having been bitten by a 
dog. this bird showed a clumsy and stiff 
gait, the neck was extended, the neck, 
muscles were hard, and there was trismus. 
On the tliird day ihe entire body was rigid, 
the wings were held tightly against the 
body, the feathers were ruffled, the nicti- 
tating mem'oranes and eyes protruhed, 
there was almost complete trismus, and 
the bird died. 

A case of tetanus in a young goose was 
described by Funck (1919). The symptoms 
were mainly trismus and difficult loco- 
motion. The necropsy revealed a perfora- 
tion of the slomad) wall, caused by an 
iron wire, which in the author’s opinion 
was the portal of entry. 

Russell (I9S7). of Portsmouth, England, 
reported on a rapidly fatal case of illness 
in a young cliild, diagnosed as tetanus, 
investigation revealed that the garden in 
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which the chilJ placed is'as ferlilized ex- 
clusively ^vIth pigeon manure. Tetanus 
bacilli were recovered Iroin two of four 
soil samples, two samples of diri or litter 
from the pigeon loft, and from the excreta 
of one pigeon 

On July 15, 1910. Dr L H Scamman 
of the Angell Meniorul Hospital, Boston, 
Massacliusetcs, ivrote me iii part as follows: 
"It is a six-months-okl domestic bird 
(goose) and has all the appearances of 
lockjaw. It cannot open us jaws at all, 
and if they are forced apart, they close by 
themselves." 

Another case of a tetanusbke disease in 
a goose was reported to the Michigan Ag- 
ricultural Experiment Station, October 4, 
1910. This goose was three months old 
and showed typical svmptoms of tetanus. 

In none of these four cases was there 


any bacteriological work done to prove the 
identity of the disease. 

Diagnosis. A positive diagnosis of tetanus 
can be established only by the isolation 
and identification of the organism. This is 
not always possible due to the difficulty in 
locating the focus of infection and die fact 
iliat tetanus bacilli often soon disappear 
from infected wounds. Remedial effects 
obtained by the administration of tetanus 
antitoxin would constitute evidence of 
some diagnostic value. 

Treatment and prevention. Antitoxin 
given in large doses may be of some value 
in die very early stages of the disease in 
mammals. There is no work showing the 
effect of antitoxin treatment in birds. The 
infrequent occurrence of tetanus in birds 
makes special preventive measures super- 
fluous. 
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Vibrio Infection 


Vibrio infection is an acute inCecuous 
disease which resembles fowl cholera with 
respect to symptoms and gross pathology. 

History. This disease was first report^ 
by Gamaleia (1888) who observed it 
several times during the summer near 
Odessa. Krause and Windrath (1919) ob- 
served the disease in Germany in newly 
imported sunbirds (Leiolhrix luteus). Ac- 
cording to Hutyra et al. (1938), Czukas 
has observed it in Hungary in fattened 
geese. 

Frazer (1961) isolated a strict anaerobic 
vibrio from liver and other tissues of an 
adult King penguin. The isolate failed to 
infect embryonating eggs and was indole. 
H 2 S and catalase negative. It did not re- 
semble either Vibrio metchnikovi or the 
vibrio responsible for avian vibrionic hep- 
atitis. 

Cause and dissemination. The cause is 
Vibrio metchnikovi (Gamaleia), also 


called ihe paracholera vibrio. This organ- 
ism is a small, bent, comma-shaped mi- 
crobe that can be easily cultivated. It t* 
very motile and is Gram-negative. Cultur- 
ally and biochemically it resembles almost 
fully the vibrio of Asiatic cholera. These 
two organisms are also related antigeni- 
cally as is shown by cross immunity- Ac- 
cording to Czukas the organism infects 
birds that are weakened by poor hygienj'^ 
conditions and by fattening. Vibrio metch- 
nikovi is also pathogenic for pigeons an 
guinea pigs. Chicks can easily be infecte 
per os. Older chickens and rabbits are very 
resistant It appears that stagnant water 
and other materials contamined with drop- 
pings of infected birds may serve as sources 
of infection. 

Symptoms. In chickens the sympto^ 
resemble those of fowl cholera. Vibrio in- 
fection is generally less acute and the bo y 
temperature is only slightly elevated, while 
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in fowl cholera it is usually high. e.g.. 
to 44° C. The birds observed hy Gamalcia 
sat crowded together and disinteresttd. 

with ruffled leathers, pian-hea 

stant symptom. The 

2 to 3 days. In the sunb.rds the disease 
was so acute as to cause the death of severa 
hundred birds in a few days. „ 
Pathology. The organism causes 

torTnd"lunEl Tn“°young ^ 

sunhirds the organism >P.P“" " 
in large numbers, but in adult chicltens 
the blLd smears are mostly negative 
Diagnosis. A differential ‘“f" 
nathotegy of fowl cholera and vibrio in 
fecdonfn chicltens is that the l^cr 
duces no or few petechial 
the intestinal tract and only slight 


A. •« Thp oreans A definite diagno- 

JsTrbe made only by the demonstration 
of the organism in the blood and preferably 

‘"■Seatment and P"''“‘‘““- J‘“f.“e"r 


REfEftENCES 
anaerobic vibrio hom i 


K.ng penguin (,if-eno4yt« longirc- 


^"’!tri!).‘Avitn Di*. 5:245. tholiia dea poulc*. Mn- de HnsL 

itS: r r- 

Cholerica Avium)- 122 Vibrio veranla«te Seuehe der 

N«'.” ys- 

Sonnenvoge! (L«(o<J»r»* 

55:468. 


Avian Vibrionic Hepatitis 


Avian vibrionic hepa.iti. is a contapi«u° 
disease of chickens which ranges m ctocal 
course trom acute to chronic. ;« 

chickens are susceptible, but the J 
diagnosed chiefly in scmimature and ma 

^'^TudM (1954) reported a disea«. pr^ 
sumably avian vibrionic hepau^ 
staled that the disorder was obse^ Y 
Beaudelie and Hudson as ^ dcttcn- 
Martliedal (1953) bird, 

cralive hcpalilis occurring c^t'C J 
under Uirec months of age 
panied by typhlitis and 
infectious agent was Jen'™'"'!' „ ' „ 
plane el nl. (1955) were the f'"' “ 

Sn infectious agent as tang ro^“' 

(or the disease. Holslad (19a0) and Winter 


held and Sevoian (195^ also reported die 
occuirence ‘"'““,°''n9S'*and Peck- 

Sni 9 ? 8 fsTmuUanc;nsly classified .he 

lilicd in ihe major in Japan 

of die United Ld 

(Miura ‘"„'^'™'sidaod (IVilson. 

Gernels, 196i), anu i , suie 

1363). Reporls of the n 1^^^^ rough 
diagnoslic laboratot.c t ,95, 

1361 (Angstrom. 19o8, IJ incidence ol 
1962) show ‘I'’' ni, „„gcd Irom 1.26 
avian vibrionic hepa yjan^cases submit- 
to 1.85 per cent ol all diagnoses 

ted for diagnosis. MoU ^ 

«„e made in flocks over 20 




no 5 4 1— Gi«msa-tleiined smeor of sedimented broth culture of vibrio (698 — 
18th transfer, 96 hr i. x885 ((tight) Giemso-sloined jmeor of sedimented broth 
illustroiing ipirol form* (698 — I7ih ironsfer, 6lh doy). X885. (Hofslod, Iowa Stole Uni* 
vers.ty) 
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„id, very tew being made at less than 4 
” Mo?o«'"The causative agent was Brst 

isow fn Ore yolk sac of 5- to May 

SSm' 0958) and Hotsmd 
ete! (19 8) were the first to identtfy the 
fgem is a iibrio. It is a micro-aeroph.hc 
rram-negative, motile, comma or 
Sd tS is Occasionally spiral m lotm 
(Fig. 14.1). Older cultures on agar consist 
chiefly of coccoid forms. 

Most embryos infected v.a the yoll sa 
at 5 to 7 days of age .'letween the 2nd 
and 6th day after tnjectton. The Vlbr 

ffiTeXrilSis-rrrLte 

embryos inoculated mlbud 

at 10 to 15 days of age (Fig. 14.2) (Hofslad 
et al, 1958) as well as m late deaths fo 
lowing yolk sac inoculation. 

Thf organism has been grown m cell- 
free mediums. Hofstad 

agent in a chicken serum enriched, chicken 

Sion broth. Peckham (1956) tmla.^ 
the organism on chicken infusion “eaf ■" 
cubatcl in a 10 per cent CO. attn»sphem 
as well as hy inoculating a P 

bile from inlected f '"c°" “"tteter 
plates incubated at 37.5 »ri 
anaerobic jar containing 10 per cent CO., 

63 per cent methane, and 27 Pf' “ , ^ 

The following character.st.es of an .»la.e 
examined in some detail were reportedly 
Peckham (1958); glucose-, ■ 

mannitol-, lactose-, sucrose-, mat 
lose — , MacConkey + light, S.S. , ^ 
mol, sis - , citrate - , urea - , n.lrate , 
indole-, H.S TSI paper 2 + ^““ 
MR/VP — / — . gelatin — . Iitmu* , 

- spores O, requirements mic^ 

aerojlic, te„.ie,at“u,. 37” to 42;C-. P;B- 

ment slight yellow, oxidase + . ^„ggj, y., 

catalase 2 + . Wheuham el al. 

cured satislacton. growth .n •=»“““ 

medium wid. cousislenl 

dextrose when added; an indicator was 


after 24 or 48 hours incubation. 

Occasional slight ‘“““““^ied'whh 
maltose, and mannitol „ 

the same system but not ^ 
duldtol. H,S was not formed 

“^irfagrntrsensitive to streptomycin, 

XramMone, neomycin, ™ t 

lametharine, ["S halradn, 

■■:7m;srBsi;frte,andc«^^^^ 

Its hLf';&ois.ad f< 

Uttough the ™“^„b„ne filter as 
"uTs brst^IC filter. (WinterfieW e. 

“'-HoSetaf. 

Viable after storage m ■”'=“%^^U,am 

«dnd^rh=a|ln;}“ble20-nt^^^^ 

after lyophiHiation. o 

( 1958 ) found infective yol via 

bdrs^arlS.tfiSef^only.2 

tlckham (1958) noted that some isolates 

mmmM 

S ‘rll (1958) foond that isolates lost 
,„ir serial yolk sac passage. 


corded only in c uc -e . Peckham 

were experimentally The 

(,<,58) and Wint'-ff. .‘rreisola- 
latter group ''Pf""? haild rabbit 
tion from the liver of a 4 -montn 

5 days post ‘“'t'P'yj'Jf j adult ham- 

f'SlrebSfr.^St^ 
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iciiis %viih some i‘o!ir;s .intS rcsi-ljied 'he 
o'-ganism. 

Signs and mornlit) Ths. usj'l ilmscjl 
signs in affected fio ks indicate a chron>r 
infection. Affe..LCL' c f’lbit Inf 

Icssness, a scaly .rn.cii loinD, loss ut 
flesh, and frcquini d:ar>‘it. Pe--klias'i 
(1958) and Se\o:.,n n /)! (1*5'’) «>u»encd 
a lag in egg produri on m al)e^,ted ptilleu 
and as much as n to 55 uci cent drop 
of production m h'ing flcck» In laying 
flocks signs of an acute infection may oc- 
cur widi moitalii) of b ui> in excellent 
flesh which ha\e iaid tggs tcithin the oast 
48 to 72 hours, ^^oole (i958), using a lap- 
arotomy technique, obseiced that some 
birds with signs and lesions spontaneously 
recovered. Mortality was ie|Joited as high 
as 5 per cent by Peckham (1958) and 10 to 
15 per cent by Sevoian el al. (1958). 

Pathology. The liver is the primary site 
of gross lesions. Usually the h\cr is firm. 



FIG. 14.3 -liver of o field coie illustroting Ir- 
regularl/ shaped degenerative oreos found in 
avion vibrionie hepolitls. (Bennett, lowo Vet. 
Oiag. lob.) 


luving irregularly shaped, grayish-white 
ar^as on the surface (Fig. 14.3). In more 
acute cases the liver is swollen, congested, 
and studded with necrotic areas. Hemor- 
rhagic areas may also be present, giving 
tire liver a mottled appearance. Massive 
subcapsular hemorrhages may occur which 
occasionally rupture and cause death from 
frank hemorrhage. In chronic cases, vary- 
ing degrees of ascites and hydropericardium 
may be present. The entire liver is not 
always involved; only part of a lobe may 
show degenerative areas. 

The microscopic lesions have been 
studied extensively by Sevoian el al. (1958). 
Sections of liver may reveal generalized 
congestion, localized hemorrhages, and 
areas of neaosis. Infiltration of the liver 
with lymphocytic and heterophilic cells 
with bile duct proliferation is common. 
Figure 14.4 illustrates the type of lesion 
which may be found. The heart of young 
chickens may be edematous and contain 
areas infiltrated with mononuclear cells. 
Embryo livers exhibit focal necrosis, oc- 
casional aggregates of heterophils accom- 
panied by bile duct proliferation, bile 
stasis, and regenerating liver cord cell* 
about the hepatic vessels (Casorso and 
jungherr, 1958). 

Traosmissiou. Delaplane et al. (1955) 
successfully infected day-old chicks by feed- 
ing as well as by subcutaneous and in- 
traperitoneal inoculation. Sevoian el al. 
(1958) confirmed these findings and found 
lesions as early as 48 hours after injection 
of 2-day-old diicks, with hepatic lesions 
being most pronounced between 5 and 12 
days. Signs were not usually prominent 
and frequently were absent. In older 
chickens gross lesions were not seen until 
5 to 15 days after inoculation, with lesions 
fKrsisting for at least 9 weeks at which 
lime the vibrio was still recoverable. 

Sevoian and Calnek (1959) incubated 
over 1,200 eggs from experimentally iu- 
f«ted chickens and found 66 per cent fer- 
tile, of which 13 per cent died by the 
twentieth day of incubation. The agent 
w-as not isolated from yolk sacs of the lat- 
ter by culture on blood agar and embryo 
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inocuUtion. Ho.ud 

egg transmission o£ the disease . 

irmined. The organism « 
creied in the £eces; ingestion 
contaminated by feces is assumed to be 

major means of “^"*""”'°"'tupases bear 
Diagnosis. Several other 
a dole clinical and 

similarity and must ' ™“„„i„ent of 

r“mepS-dSe,U typhoid, 
staphylococcosis. »"4 „d chat- 

A diagnosis based pathology 

r;Smfd“ Considerable 

r;ut?^.ig”SoSeal^^^^^^^ 

:gLdic:td'?'pte-“ »' 


FIG. 14.4 -Liver sec- 
tion of field Mse of 

avion hepatitis. Hem- 
orrhoge around cen- 
tral vein. '•'S'’* • 

to right of center is 
devoid of liver cord 
cells ond contains 
eVhrocytes, heter- 
ophiles, and some 

lymphocytes. X96. 

(Hofstad, lovra State 
University) 


„i.heha,ac.eris,;epa.holo 8 i-^^^^^^^^^^^ 

not necessarily m history as well 

Thorough multiple speci- 

as thorough examin difficulties, 

mens helps to “''““f ? “ ^ £rom many 
The vibrio m>V „ uver spleen, 

sites ‘”';‘f|,'’Sy‘’’hid^e,s,'aid bile Elle 
pericardial fluid. jL •„ted from the 
is prelerred and rnay ^viihout spread- 
gallbladder and '^PPj Plates are in- 
!„g on a blood agar plam P ,2.96 
cubaled under s id Gram- 

hours, "suiting growth is 

negative dequale. Injection ol 

usually considered adequ J 

bile in 0.1 ml. , a Superior 

„[ 5 - to i'a'meTOian and Calnek, 

method o£ isolauo ^ ^ s^ay be con- 

,959), Bacterial 0 °"'™'"“ in and poly- 
trolled by the 1958). Yolk 

mikin B (Wmtetfreld e « „ay 
material from em ^ „pai- 

then be used for aireci p 
sage. Motile vibrios may 

onstrated in bile “ ' ^ 5. only positive 

lerial from ^ce (Whenham el <i}-' 

endings have oint out the 

1961 ). It is yet unrecognized 

possibility that other as y 
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vibrios with or without pathologic signifi- 
cance may exist in bile or other organs o£ 
the bird. Lack of simple means of precise 
identification of the \ibrio inaeases the 
importance of auxiliary diagnostic criteria. 

Chicks are particularly susceptible dur- 
ing the first days of life and serve as an 
excellent means of confirming isolations. 
Injection into the yolk sac or peritoneal 
cavity usually produces lesions within 3-5 
days, Howevei, chicks seldom appear clin- 
ically ill and must be sacrificed to demon- 
strate infection Focal hepatic necrosis 
and hydropericardium are usually ex- 
hibited 

No serologic tests are available for di- 
agnosis 

Treatment. It has already been indi- 
cated under the section on etiology tliai 
the organism is sensitive to a large num- 
ber of antibiotics and to several chem- 
otherapeutic agents. Winterfield el al. 
(1958) reported extensive prophylactic and 
therapeutic trials in chicks. Prophylactic 
activity was demonstrated by chlortetracy- 
dine, oxytetracycline, and furazolidone ad- 
ministered in the feed, by sulfaquinoxaline 
and sulfamethazine in water, and by strep- 
tomycin by injection. Oxytetracycline, fur- 
azolidone, and streptomycin appeared 
superior to the others tested. On a thera- 
peutic basis in chick tests, furazolidone and 
streptomycin appeared more effecuve than 
die others. Streptomycin at a dosage of 
5 mg. intramuscularly per chick was com- 
pared to 0.022 per cent and 0.044 per cent 


furarolidone in the feed. At the lowest 
lev-el (200 gm. per ton) furazolidone was 
more effective than streptomycin. Sevoian 
and Calnek (1959) compared the prophy- 
lactic activity of 300 gm. per ton of furazo- 
lidone in the feed for 6 consecutive days 
to a 250 mg. single injection of dihydro- 
streptomycin in adult White Leghorn hens. 
A second trial compared the same dosage 
of dihydrostreptomycin to 250 gm. per 
ton furazolidone fed for 5 consecutive days 
to mature Rhode Island Red hens. A high 
degree of efficiency was indicated follow- 
ing each of the treatments. Relapse or 
reinfection was noted in the trials and has 
also been noted with some frequency in 
field flacks. Furazolidone in the feed ra- 
tion at 0.022 per cent (200 gm. per ton) 
for a 10- to 12-day period is reco^ized as 
a standard treatment. Streptomycin by in- 
jection is also used at a level as high as 60 
mg. per pound of body weight. 

Prevention and control. Moore (1958) 
and Winterfield ei al. (1958) were unable 
to demonstrate immunity in infected 
chickens. Although limited trials so far 
have been negative, egg transmission can- 
not be excluded. Until more is known 
concerning the source of infection, means 
of transmission, and reservoirs of infec- 
tion, prevention must be based on sound 
management practices and sanitation. 
Treatment with furazolidone or streptomy- 
cin offers limited control capability; the 
potential for prophylaxis by continuous 
low level administration of drugs has not 
been adequately explored. 


» nomenclature and reporting of diseases. 
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Borrelta Anserina In^ecfion (Spirochetosis)* 


The disease, caused by Borr«/ia aniermo 
(Breed et al., 1957), was first described by 
5akharo({ (1891). The organism, which he 
named Spiroc/iaeia anserina, was respon- 
sible for an extensive cpornitic among 
geese in the Caucasus. Other names whicli 
have been used are Spirachatta gallinarum, 
Spirochaeia unufif, and Treponema an- 
senna. 

Distribution. The infection has been 
identified in many countries of the world, 
but apparently not further north of the 
equator than 54 to 60 degrees parallel 
(Zuelier, 1956). Its distribution is similar 
to that of Uie tick yfrgoj persicus Ofcen 
1818 which is its major vector. Although 
the lick is prevalent in the southern part 
of the United Slates, the disease is not 
commonly found in this region. Ho0inan 
and Jackson (19-16) identified in tmkeys 
the first authentic case of avian B. anserina 
infection in the United States, ft was also 
identified in turkeys in California by Mc- 
Neil cl flL (1949) and by Loomis (1953), 
Francis (1956) and Kokey and Snell (1961) 
reported die disease in cliickens in New 
Mc-xico and Atiiona respectively. Bur- 

• The author it gtwtiy intlehted (a Dr. W. R, 
ttinshaw for countcl and making atailahle his col- 
lection of repimu and papers on tpirochetems. 


roughs (1947) identified the disease in a 
cockerel used to feed ticks (A. persicus) 
obtained from Texas. Maihey and Stddle 
(1955) reported a natural infection in Mon- 
golian pheasants on a California game 
(arm. Maihey and Zander (1955) reported 
a spirochete isolated from cecal nodules of 
chickens which is thought not to be B. 
anserina but probably the same as the un- 
named organism reported by Steinhaus 
and Hughes (1947). 

Etiology. B. attserina is reported to vary 
in length from 6 to 30/i with great varia- 
tions noted within preparations. McNeil 
c( of. (1949) report an average length of 
H/i (7 lo 2V) with 6 spirals. The organ- 
ism is motile, stains readily with anaiine 
dyes (in contrast to Leptospira and Trepo- 
nema), reproduces by binary fission, and is 
soluble in 10 per cent ox bile and 10 per 
cent saponin. 

Hosts. The organism is infectious for a 
wide Variety of birds. Literature sum- 
maries by Knowles, et al. (1932) and by El 
Dardiry (1945), indicate considerable dis- 
crepancy between the findings of different 
inscsligaion as to the degree of suscejs- 
tibility of different species. El Dardiry 
(1915) suggests that genetic resistance may 
be an explanation. Antigenic differences 



448 


G. H. SN0Ey£NB05 


quite likely occur and possibly not all iso- 
lates have equal pathogenicity for all hosts. 

Mild infections have occasionally been 
produced in rabbits, but mice, rats, guinea 
pigs, dogs, mules, horses, and sheep have 
been found refractory (El Dardiry, 1945; 
McNeil et al., 1949). 

Transmission. Marchoux and Salimbeni 
(1903) first demonstrated the tick A. 
persicus to be a primary vector of B. 
anserina. The infected tick lays infected 
which hatch into infected larvae. 
Larvae and nymphs apparently are more 
infective than are adults (Sreenivasan 
and Sankaranarayan, 1943). The review by 
El Dardiry (1945) indicates that A. 
mhieatus and Ormthodours moubata may 
also serve as vectors. Hungerford and Hart 
(1937) demonstrated that the red mite 
Dermanyssuj galUnae may be a vector; 
culex mosquitoes have also been incrimi- 
nated (Zuelzer, 1936; £1 Dardiry, 1945). 

The disease may also be transmitted in 
the absence of vectors. Sreenivasan and 
Sankaranarayan (1943) reported transmis- 
sion between chickens by cohabitation. 
The infections in California turkeys (Hoff- 
man and Jackson, 1946; McNeil et al., 
1949; Loomis, 1953) were not traced to 
vectors. Infected droppings were believed 
to be the major means of transmission 
within the flocks. A California strain of 
B. anserina was maintained in A. persicus 
by Hsiang and Packchanian (1951). 

Neither egg transmission of the organism 
nor carriers have been reported. 

Signs and lesions. The incubation 
period is largely dependent upon dosage, 
and may be as little as 1 day. The incuba- 
tion period of natural infections ranges 
from 3 to 8 days. A marked rise in body 
temperature is accompanied or soon fol- 
lowed by the appearance of B. anserina in 
peripheral blood. Acutely affected birds 
show cyanosis of the head, marked depres- 
sion, increased thirst, and diarrhea. Sub- 
acute or chronic cases are reported. A 
mortality of 50-60 per cent may occur 
chiefly between 3 to 15 days post infection. 
Although young birds are generally con- 


sidered to be more susceptible than old 
birds. Rokey and Snell (19G1) found the 
opposite to be true. 

Gross lesions are found chiefly in the 
spleen and liver. In terminal cases the 
spleen is enlarged as much as six times 
normal and is mottled as a result of hem- 
orrhage. Tlic liver is enlarged, frequently 
bile stained, friable, and studded with 
small necrotic foci. The heart may pre- 
sent a parboiled appearance. A mucoid 
enteritis is often present. Dehydration 
and emaciation is marked. Extreme weak- 
ness, or possibly paralysis, may be seen in 
chronic infection. 

Hislopathological changes in the chicken 
have not been extensively studied. Rokey 
and Snell (1961) describe the changes as 
follows: 

"In the kidneys, collecting tubules had 
undergone coagulation necrosis. Capillar- 
ies were engorged. Hemorrhagic infarcts 
In various stages of resolution were en- 
countered. Lymphocytic infiltration of in- 
terstitial tissue was a common finding. 

"In the liver, there were subcapsular 
hemorrhages. Multiple areas of focal ne- 
crosis and a cellular infiltration of the 
hepatic triads were seen. The cellular in- 
filtration consisted of lymphocytes and 
large phagocytic cells. The venous system 
had a characteristic lymphocytic prolifera- 
tion zone. The large bile ducts were sur- 
rounded by a wide zone of lymphocytic 
proliferation. Fatty degeneration of vary- 
ing degrees was observed. 

“Large areas of hemorrhage were prom- 
inent in the spleen, and necrosis was ob- 
served In centers of reticular cell groups. 
The general splenic structure was intact, 
but an active proliferation of lymphocytic 
elements gave the splenic structure an ab- 
normal appearance. 

“Localized nests of lymphoid cells were 
seen between the cardiac muscle fibers. 
There was little apparent damage to the 
cardiac muscle. 

“Congestion, hyperemia, and pneu- 
monic areas were observed in the lungs. 
In. some of these areas, lymphocytic infil- 
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irations completely obliterated the normal 
lung structure.” 

Quite similar histopathological changes 
have been described in turkeys by McNeil 
et al. (1949). 

Diagnosis. Diagnosis is ordinarily de- 
pendent upon demonstration of the or- 
ganism. It may be demonstrated in blood 
smears by the Giemsa technique or may be 
seen in wet mounts by dark-held illumina- 
tion. Appreciable numbers are present 
within the first several days of the disease, 
but disappear at crises after dumping in 
large aggregates as a result of the develop- 
ment of agglutinating antibodies. Death 
may be due to the formation of emboli by 
the agglutinated organisms (Lavaditi, 
1904; DeLamaier et al., 1952). Cultivation 
on artificial mediums has met with mixed 
success and has been summarized by Mc- 
Neil et al. (1949) and Saurino and De- 
Lamater (1952). Knowles et al. (1932) grew 
the organism in fertile chicken eggs. Me- 
Kerchcr (1950) secured improved results 
by yolk sac injection of 6-day embryos. In 
the latter technique, material must be har- 
vested from live embryos in a manner to 
allow collection of chorioallantoic fiuid 
and embryonic blood, as D. anserina is 
found chiefly in the latter. Such harvests 
were demonstrated to remain viable for 
2-3 iveeks ivhen held at 4“ C. 

El Dardiry (1945) maintained B. anserina 
in virulent form for 30 days in a refrigera- 
tor after separation from clotted blood 
taken from infected chickens. This method 
maintained virulence better than if main- 
tained in cittaled hlood |&reenivAsan and 
Sankaranarayan, 1943). McNeil et al. 
(1949) found spleen, heart, and liver in- 
fectious after storage at 32° F. for 31 days. 

Nobrega and Reis (1947) reported find- 
ing the organism by dark-field illumina- 
tion in heart blood of 85 per cent of chick- 
ens H'hidi died after experimental infec- 
tion. They described a method, given in 
more detail in Chapter 41, of testing for 
antibodies which greatly improved diag- 
nostic accuracy in those specimens in which 
the organism was not found. 


Lesions are not diagnostic unless the or- 
ganism is demonstrated in tissues by an 
appropriate stain such as Levaditi or by 
the slow method of Giemsa. 

Treatment and control. Early work on 
immunity development and immunization 
methods was reviewed and extended by El 
Dardity (1945). A solid immunity develops 
in survivors; relatively small amounts of 
serum from such birds may be used for 
passive immunization. Active immuniza- 
tion has been accomplished with antigens 
prepared and used by a variety of means 
including formalin inactivation of blood 
or emulsified liver and spleen, infectious 
blood inactivated by immune serum, and 
by administering immune serum prior to 
active infection. Immunity by several of 
these methods has lasted for at least 18 
months. Nobrega and Reis (1941) pre- 
pared a vaccine by infecting ]2-day-o2d 
chicken embryos. They harvested the em- 
bryo, membranes, and amniotic fluid after 
5 days, diluted with saline to 30 ml. per 
egg. and inactivated with 0.5 per cent for- 
malin. The suspension was filtered after 
24 hours of refrigeration. A 25 per cent 
dilution of the stock suspension was used 
intramuscularly in a 1 ml. dose. They con- 
sidered this vaccine to be equal in efficacy 
and more economical than that made 
from blood or organs of chickens. 

A variety of drugs have been demon- 
strated to have therapeutic value. Earlier 
reports were summarized and additional 
compounds were tested by Packchanian 
(1950) and by Hsiang and Packchanian 
(195(1. The foUowiqg com^nounds have 
been proven to be effective in vivo: atoxyl, 
salvarsan, myosalvarsan, "spirocid,” nco- 
arsphenamine, mapharsen, tryparsamide, 
4-carbamidophenyl di (l'<arboxyphenyI 2' 
thio) arsenite, and the antibiotics penicil- 
lin G, oxyieiracycline, clilortetracycline, 
bacitracin, diloromyceiin, streptomycin, 
and dihydrostreptoraycin. Of the antibiot- 
ics, Hsiang and Packchanian (1951) found 
oxytetracyxlinc to be most effective. A 
single injection of O.l mg. jwr 50 gram 
chick was found to be curative. Compa- 
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rable results were secured with 1 mg. 
chlortetracycline or bacitracin and with a 
10 mg. dosage of streptomycin or penicil- 
lin. 

Control or eradication of vectors will 


substantially aid in preventing the disease. 
Spread of infection within a flock should 
be minimized by sanitary disposal of 
cadavers and droppings. 
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Listeriosis, Botulism, 
Erysipelas, and Goose Influenza 


Avtan Listeriosis 

Sporadic cases or outbreaks o£ 

caused by the bacterium Li$teTta mono- 

cytogent! Imc been repotted in 

and other birds by a number o! workers^ 

The same otganim also causes disease in 

mammals, including man. 

Listeria was first isolated by f' 

ol. (1926) from an outbreak of disease 
laboratory rabbits and guinea pigs i 
England. It i.as first found to be the 
of L encephalitis of sheep by Gill ni 1931 
in New Zealand, and has since been de^ 
scribed from ruminants by a num 
imestiRators. , 

Listeria is found tliroiiglioiit "le »o,ld^ 
It has been found to cau« spon 
disease or be present in at least 3 1 , 

of mammal,. 17 of birds. 1»'»'''““ 

ironl. rick, “"“'Jts^'i'AfmeJ 

sewage and silage (Gray. '•f”-*',. , 
mamniali imiude die doincslic ni * 
guinea pig. cliintliilla. Ke'V'-, 

Vole, sheep, os. goal. deer. pig. Horse. d.«. 


cal skunk, fox. mink, raccoon, ferret, atld 

San A g^eat b-iV Stem'” ! 

ren on this otganisin. ''“'c ' 

views ate those of Seeligcr ( Gray 
(1938 1963). Jones and Woodbine (1961). 

‘Kampeiniadm! (1962), and .he OIBce inter. 

in New Jersey by Ten Broeck in 1932 ac 
Wording to Scasione “ “/f, 

ported on .he disease Cray (195^ lined « 
ither repotls Itom cli.ckcn! in the ^ned 
States. eSaJa. England. France, Cerraan). 
Sweden, the Netherlands, Belgium, Poland. 
Russia. Finland, foLd 

lina. and Aunralia; i. ha, also been found 
in Cl.icke.1. in Italy (SP’^PJ"'- in 

Lislerioii. hai been found n ge^ 
Germany. Hungary. Russu. and 

■"gJuirimUiS-indie'caiwrcaillie 
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FIG 15.1 — Listeria monoeytOB«n«* ff*'" thick- 
en. Gram stain. x990. 

(Telrao urogallus) in Sweden; in the par- 
tridge in France; and in a snowy owl in 
Canada (Gray, 1958; Levine, 1959; Jones 
and Woodbine, 1961). More recently. Lis- 
teria has been isolated (rom canaries and 
chickens in the Netherlands by Kampel- 
macher (1962) and Kampelmacher and 
Jansen (1961); from chickens, partridges, 
pheasants, a duck, a pigeon, and a canary 
in France by Lucas (1961) and Lucas et at 
(1962); from poultry in Sweden by Nilsson 
and Karlsson (1959); from the chicken, 
goose, crane, and ptarmigan in Finland by 
Sicnlxrg (1961): from chickens in Germany 
by Train (1961, 1962); and from the dia- 
mond dose (Geopelia cufieala), Swainson’s 
lorikeet (Tric/iog/ossus novae-liollandiae), 
and canary in the Netherlands by Zwart 
and Donkcr-Voci (1959). 

Etiology. LiJterio monocytogenes (Mur- 
ray et al., 1926) Pirie, 1910, is a small 
Gram-iwsitisc rod (Fig. 15.1). Sjwrcs are 
not formed. It is motile, and when grown 
at 37° C. has a diaracierisiic tumbling 
movement. This temperature is not so 
conducive to flagellum production, how- 
ever. as is room temperature. The organ- 
ism is a facultative aerobe. On nuuient 
and liver agar, circular smooUi colonics 
arc formed, vshicli arc bluish by transmit- 
ted light and milk-vshiie by reflected 
light. After several days' grovsih on liver 


agar the colonies become very viscid. A 
dear zone of hemolysis is formed around 
colonies on blood agar. With some strains, 
hemolysis may not occur on initial iso- 
lation but appears after several transfers. 
Gelatin is not liquefied; indol, acetyl 
methyl carbinol, and hydrogen sulfide are 
not formed; and nitrates are not reduced. 
In a study of the biochemical character- 
istics of 50 strains of Listeria, Harvey and 
Faber (1941) found that acid is produced 
from dextrose, levulose, galactose, rnaltos^ 
mannose, rhamnose, trehalose, dextrin, and 
salicin; that lactose, glycerol, sucrose, 
arabinose, xylose, mannitol, sorbitol, and 
starch may or may not be fermented; and 
that add is not produced from dulcitol, 
inositol, raffinose, glycogen, and inulin. 
In the writer’s experience, sucrose may 
not be fermented on first isolation, but 
after several transfers on artificial culture 
media, this sugar is usually readily fW‘ 
mented. Dextrose, rhamnose, and 
are usually fermented rapidly, while the 
other carbohydrates are usually fermented 
more slowly. Van Dorssen and _ Jansen 
(1951) gave the cultural characteristics oi 
25 strains isolated in the Netherlands. 

Although it may grow quite lightly on 
initial isoiation, after several transplants 
Listeria grows rather heavily both at 
37° C. and at room temperature. 

Jones and Woodbine (1961) have re- 
viewed the cultural and other microbio- 
logic characters of L. monocytogenes. FUn 
and Pillis (1962) differentiated it from Ery- 
sipclothrix; Listeria was relatively sensi- 
tive to sodium azide and crystal violet, but 
insensitive to "Mavekal” (disodium hexa- 
decyl disulfonate). 

Several serologic studies have been car- 
ried out on Listeria. Using the aggluU’ 
nation lest, Paterson (1940) recogni^ 
four serologic types, while Drevv (1946) 
found iv\o groups with the precipitin test- 
Jones and Woodbine (1961) reviewed the 
serologic typing of L. monocytogenes. Metr- 
gcr and Smith (1962) discussed its serologic 
typing by gel diffusion using thermostable 
antigens. Njoku-Obi (1962) described an 
antigen fixation lest for serologic diagnosu- 
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Rudolph and Crasser (1963) -ed auto 
labelled wUh fluorescent dyes in typing. 
s“d and Piche.1 (1961) «udled 
tVping and developed a system o! classili 
cation including 8 phage , 

Symptoms. Apparently few dmiral W 
toms occur in listenosis m 
Paterson (1937) reported that the adul 

birS died suddenlyf while a slow ^ung 

was evident in young naturally affected 
chickens. The encephalitic symptoms 
which ate characteristic of 
many mammals have mldom been ob 
served in naturally affected b. ds, ^ 
though they have been reported m geese 

“MoSy in the individual Ilo* may 
vary within wide limits. Cener y Y 
sporadic cases appear, but ^^^avy 
.Say also occur. Paterson, tor ekampl^ 
reported tliat in one flock 120 oo 
pullets died over a 3 -month perto , 
Lother, 191 out of “ of 

erels died; and in a third flock 8 out 
24 died. In the outbreak 30 

der Scltaaf and de Jong (1951), 8 of 30 
canaries in an aviary died. 

Listeriosis has olten bceti 
sociation with some other disease and may 
olten be secondary 10 n. 
rent diseases and parasites w msease 
been reported ate po"""™. 
salmonellosis, fowl pest, 

Newcastle disease, cotyra, 

tapeworm (Dai/a««ru heavy 

tina) or iicaridii. 8“" , .‘"'f |°S,aS 
mite (Dermanyssui gollnwc) 
ovarian tumor: lowered t«i,sfo"se due to 
iubteeding, or hatcliing of 'g. 

(Gray, 1958). Stress is “PP“''"''^ I, „[ 
porJnt lactot in bringing on altact. 01 

listeriosis. , to in- 

Obietvations made so tar ^Liderably 
dicate iliat young birds are 
more susceptible to the disc 
adults, although these, too. "'ey , 

Pathology. Lisieria ord.nanl, 
reflorobirneronTecrop^o^^^ 

naturally and exper.mentally 
chicken, ate massive necrosis ol the Beat. 



'‘m^gtasis. Listeria “Pj“‘“caut" it- 
diagnosed by culture media, 

.microorganism n'^mmals. in 

S”;».at:rirom’ t,.e- abdominal otgant 
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Botulism 


Botulism (limberneck, bttlbar paraly- 
sis) is a disease which may affect not only 
chickens and other domestic birds, but 
also man and tlie domestic mammals. It 
IS a type of food poisoning which results 
from ingestion of spoiled foods tn which 
tire bacterium, Clostridium botuhnum, 
has been growing and producing toxins. 
Other bacteria which cause food poisoning 
in man, such as staphylococci, have not 
been recognized as a cause of ihe same 
condition m domestic animals. 

The earliest report of botulism as the 
cause of so called limberneck in chickens 
was made in the United States by Dickson 
(1917, 1918). Spoiled canned corn, green 
beans, and apricots were found to have 
caused outbreaks in four flocks; in three 
of these cases, humans also died as a re- 
sult of eating the same food. Hart (1920). 
Wilkins and Dutcher (1920), Graham 
and Schwarze (1921). Doyle (1923), Gra- 
ham and Boughton (1923), and McLach- 
lan and Newton (1952) also reported 
outbreaks of botulism in chickens. Van 
Heelsbergen (1929) observed symptoms 
of limberneck in Holland. The disease 
also occurs in other species of birds. 
Among others, Graham and Boughton 
(1923), Theiler (1927), Dadot (1945), 
Szyfres et al. (1948), and Gunning (195^ 
reported it in ducks; Martinaglia (1937) 
and Gunning (1950) in geese; Cobum 
and Quortrup (1938a) in turkeys; Pal- 
mer and Baker (1922), and Dobberstein 


and Piening (1933) in swans; Dintcr and 
KuM (1954). Vadlamudi et al. (1959), and 
Lee et al. (1962) in. game farm pheasants, 
and Theiler (1927) in the ostrich. It has 
also been described in numerous species of 
wild waterfowl, in which it is an impor- 
unt cause of death. An interesting ex- 
ception reported by Kalmbach (1939) is 
the vulture. This bird, which lives on de- 
caying carcasses, is tremendously resistant 
to Clostrtdium bolulinum toxins, with- 
standing as much as 300,000 guinea pig 
minimum leilial doses. This is a tolerance 
to 0.04 ml toxin injected per gram of 
body rveight. 

Etiology. Botulism is caused by the 
toxins which are a metabolic product of the 
growth of Clostridium botulinum. Some 
fifteen subtypes of this species have been 
described by Meyer and Gunnison 
(1929a, b, c, d) on the basis of toxicity, 
a^lutination, and fermentation reactions. 
Of these. Clostridium botuhnum Type A 
and Cl. bolulinum Type C are the most 
common causes of botulism in domestic 
birds. Hazen (1942) reported that a strain 
ot Cl. botulinum Type E isolated from 
canned sprats was not toxic for chickens, 
bui that a strain of the same type isolated 
Dom smoked salmon was. 

Clostridium botuhnum is an anaerobic. 
Gram-positive, sporeforming, large rod. 
It is widely dispersed in the soil and 
enters food as a contaminant. The mere 
presence of the organism, however, is in- 



sufficient to cause disease or to be of ctog- 
uosUc significance. Only "hen the o.^“ 
ism has grown, multiplied, and produced 
toxins dSs the food become ^ang^o^ 

Since growtli requires anaerobic concU 
tions, canned foods furnish an 
culture medium. Their improper s^u 
ration at the time of canning may result 
in spoilage due to Clostridium 
or oOier organisms. It has been noted hm 
certain foods ate less liable to 
than others. Those which are acid, su* 
as cherries and other acid fruits, are un- 
favorable lor the growth of 
while canned vegetables, such as 
green beans, are very favorable. Hena 
more cases of botulism are associated with 

the latter type o£ £ood. 

Botulism can result from «nsumpuon 
of carcasses of birds which have died of 
the disease, and also of the ■ne 85 n“ “ “e 
blue-bottle fly, Luctlio catsor, 
meat. The toxin formed in the “"I J 
Clostridium it ingested by 5 

rendering them extremely P , ^ 
Wilkins and Dutcher (1920) reporte 
toxic character of Lttctho larvae, but were 
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or Musca damestica. In an ^hich 

botulism on a pheasant fam m h 
4,000 birds died in two weelu, Lee el 
(1962) found Cl. hol“h»>‘’n ^ype 
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carcasses and feed wastes an “ 
flies. One gram of larvae con a.nri 1™. 
000 mouse LDs.'s, and pheasants d.rf ahet 
eating eight or more third ins 

A number of carbohydrate, are fer 
mented with the production a 
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ity, without nie^ and 
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severe cases, however, death may occur 
in a few hours. Fatally affected birds lie 
in a profound coma, appearing lifeless, 
for several hours before death (Fig. 15.3). 
In the advanced stages a broken quiver- 
ing of the feathers may be observed, and 
in some cases large numbers of feathers 
are shed. Looseness of the feathers is often 
seen in botulism. Soft, pasty feces or even 
diarrhea may be observed in some cases. 
The severity of the symptoms and the 
prognosis depend on the amount of toxin 
ingested. 

Gross pathology. Few lesions are seen 
at necropsy. A slight catarrhal enteritis 
may be present, or small but intense in- 
flamed hemorrhagic areas may sometimes 
be observed. Portions of the intestine may 
be dilated or distended. Other gross 
changes are usually lacking 
Pathogenesis. As stated above, alt birds 
whidi have ingested C. botuUnum toxin 
do not die of Ute intoxication. The prog- 
nosis depends primarily on the amount 
whiclt has been eaten. However, this toxin 
is one of the most powerful poisons 
known. Bengston (1924) found that the 
minimum lethal dose for guinea pigs was 
0.00012 mg. per kg. when administered 
subcutaneously. This may be compared 
with the minimum lethal dose of cobra 
venom under similar conditions, 0.002 mg. 
per kg., and with that of the alkaloid 
aconitine, 0.06 mg. per kg. 

Although it is relatively heat-stable, 
botulinum toxin may be destroyed by suf- 
ficient boiling. The concentration of toxin 
and perhaps other factors may, however, 
markedly affect the time necessary for its 
destruction. For instance, Schoenholz and 
Meyer (1924) found that botulinum toxin 
was destroyed in 6 minutes at 80" C., but 
that the toxin in spoiled vegetables was 
much more resistant due to its high con- 
centration and to slow heat penetration. 

■Western duck sickness. For many years 
a disease of wild ducks and other water 
birds has been known to occur in the 
western part of the United States. It was 
studied by ^Vetmo^e (1918), who con- 
cluded that it was due to alkali poison- 


ing. More recently, however, it was shown 
by Kalmbach (1930) and Gilmer and 
Couch (1930) that western duck sickness 
is botulism. 

This disease is responsible for a tre- 
mendous number of deaths among wild 
waterfowl. Indeed, Kalmbach (1935a, b) 
considers it one of the most important 
causes of mortality among these birds. It 
has been estimated that a million birds 
died at Malheur Lake in eastern Oregon 
in 1925, one to three million at Great 
Salt Lake in 1929, and a quarter of a 
million at the northern end of Great Salt 
Lake in 1932. In 1910 the greatest re- 
corded epidemic occurred in the western 
stales, causing the death of hundreds of 
thousands of birds. Kalmbach (1935a) 
states that in recent years the epidemics 
have increased in frequency and that the 
range of the disease has also increased. 
Kalmbach and Gunderson (1934) list out- 
breaks as having occurred in Alberta and 
Saskatchewan in Canada; Oregon, Cali- 
fornia, Nevada, Arizona, New Mexico, 
Texas, Utah, Idaho, Montana, Kansas, 
Nebiaska, North Dakota. Souilr Dakota, 
and Minnesota in the United States: and 
Mexico. Reference should be made to 
their paper for a comprehensive discus- 
sion of the disease. It has since been re- 
ported in Australia by Pullar (1933, 
1934), Rose (1934), and Farleigh (1949); 
its Alberta, Canada, by Shaw and Simp- 
son (1936); and at Tulare Lake, Califor- 
nia, by McLean (1946). It has also been 
studied by Gunnison and Coleman (1932) 
and Coburn and Quortrup (1938b). An 
interesting account of the disease together 
with the measures which are being taken 
to combat it at Tule and Lower Klamath 
Lakes in California is given by McLeod 
(1950). 

According to Kalmbach and Gunder- 
son, 69 species of birds belonging to 21 
families are known to have been affected 
with western duck sickness. Among these 
are herons, geese, ducks, hawks, sandpip- 
ers, gulls, and blackbirds. Domestic birds 
may also die it given access to areas in 
which the disease is present. 
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human botulism, and Brandly (1957) 
found Uiat an aluminum h)droxide-ad- 
sorbcd bolulinus antitoxin pve good pro- 
tection to pheasants against botulism. 
BorofI and Reilly (1959) immunized pheas- 
ants and ducks with two injections 3 or 4 
weeks apart of a mixture of Cl. botulmum 
Type C toxoid and Freund’s incomplete 
adjuvant. Quortrup and Sudheimer (191^ 
reported that the majority of birds affected 
with western duck sickness would recover if 
treated with Type C botulinus antitoxin. 
At die Tulc Lake Refuge, according to 
McLeod (1930), thousands of wild ducks 
were treated inirapcritoncally sviih anti- 
toxin. large ducks receiving 4 ml. and 
small ones 2 ml. Seseniy per cent of the 


Created birds recovered. The average cost 
of antitoxin was estimated to be 11 cents 
a duck. However, Rosen and Bisclioff 
(1955) stated that such duck rescue work 
oasts three to five dollars per bird res- 
cued. They used a different and much 
more successful approach during an out- 
break of botulism in the Tulare Lake 
Basin in 1952. By herding the ducks away 
from dangerous areas by plane, air-thrust 
boat, and through the use of pyrotechnics, 
by pumping operations carried out by 
the area fanners, and by distributing feed 
in safe areas, they reduced the mortality 
among 2 million ducks to 1 per cent as 
compared with an expected mortality of 
20 per cent. 
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Erysipelas 

(Cefluegelrollauf} 


A septicemia associated with Erysiprio- 
thrix msidiosa^ the causative agent of 
swine erysipelas, has been reported in 
many species of birds. Jarosch (1905) was 
the first to recognize this disease in birds, 
isolating the organism from a turkey. 
Subsequently the disease has been found 
to occur also in the chicken, duck, pigeon, 
pheasant, quail, peacock, and a number 
of wild birds. Jt is found throughout the 
world. Since Jarosch's initial paper, ery- 
sipelas has been described in turkeys by 


Eber (1921), Beaudette and Hudson 
(1936), hfadsen (1937), Hoffman and 
Hinshaw (1938), Van Roekel et al. 
(1938), Rosenwald and Dickinson (1939, 
1941), Rosenwald (1940), Schlotthauer 
and Thompson (1940), Lindenmayer and 
Hamilton (1942), Burnett and Hofstad 
(1943), Lindenmayer (1943), Jungherr 
and Giffoid (1944), Stiles (1946), Moore 
(1947). Brown et at. (1949), Blaxland el 
ah (194^, Bivins (1949), Hudson (1949). 
OeLay and Koch (1950). Peterson and 
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H)mas (1950), Dunne et al. (1951), Moore 
(1951), Byrne et al. (1952), Hudson et al. 
(1952), Bivins et al. (1955), Elliott (1956), 
and Raines and Winkel (1956). 

Hausser (1909) first desaibed the dis- 
ease in the chicken. It has since been re- 
ported in this bird by Schipp (1910), Broil 
(1911), Pfaff (1921), Reinhardt (1924). 
Scholl and Jacquart (1926), van Heels- 
bergen (1929), Schmidt-Hoensdorf (1931), 
Sparapani (1938), Breed (1943), Evans and 
Narotsky (1954), Juslin and Stenberg (1954), 
Bivins et al. (1955), and Hall (1963). Poels 
(1919) first encountered erysipelas septi- 
cemia in ducks, and this finding was con- 
firmed by Eber (1921), Scholl and Jacquart 
(1926), Werner (1932). Horstmann (1938). 
Graham et al. (1939), White and Henley 
(1942), Doria (1943), Hudson (1949), Hud- 
son et al. (1952), Zeiger (1952). Galli (1953), 
Dougherty and Bruner (1954), Engel and 
vander Maas (1955), Valentin el al. (1956- 
57), Murase et al (1959), and Nikolii and 
Sepic (1961). 

It was reported in a wild mallard {Anas 
pi. plalyThynchos) by Bourgeois (1944). 
The disease svas recognized in the pigeon 
by Poels (1919) and de Mendon^a Mach 
ado (1945); in the quail by JArraai (1920), 
^V'aller (1939), and van Dorssen and 
Donkenoet (1953); in the pheasant by 
Vianello (1938), Morgan (according to 
Waller, 1939), Szabd (1943), Hudson et al. 
(1952), Rossi and Pini (1953), Raines and 
Winkel (1956). Valentin et al. (1956-57), 
and Trbii and Tadid (1959); in the pea- 
cock by Greener (1939); in the goose by 
Linsert (1914); in the green finch by de la 
Villa (1934); in the ring-necked parakeet 
(Palaeomis iorijuala) by Urbain el al. 
(1943): in the white stork (Cinconfa ein- 
conia) and herring gull (Larus argentatus) 
by Christiansen (1949); and in birds in 
zoological gardens by Jdrraai (1920) and 
Schmidt-Hoensdorf (1931).. Van Bemmcl 
el al. (1960) found it in fruit pigeons 
(Ducula sp.) and fishcating birds such as 
the crowned crane (Dalaerlca pavonina) 
and Porp/iyrio sp. in the Rotterdam zoo. 

The same organism, or a sery similar 
one, has also been found in the sheep, ox. 


horse, dog, mink, guinea pig, mouse, rat, 
chipmunk, porpoise, several species of 
fish, and man (Van Es and McGrath, 
1936; Stiles, 1944; Drake and Hall, 1947: 
Grey, 1947a; Connell. 1954; Seibold and 
Neal, 1956). 

Etiology. The etiologic agent, Eiystpelo- 
thrix insidiosa (Syn., E. rhusiopathiae), can 
be isolated culturally from many of the 
organs of affected birds. Since the disease 
is a septicemia, the heart blood, liver, peri- 
cardial fluid, and pathologic accumulations 
of fluid usually contain large numbers of 
the organisms. The bacterium has also 
been isolated from diphtheritic membranes 
on the pharyngeal and nasal mucosae. 
While isolation may be accomplished on 
plain nutrient agar, it is more unifonnJy 
successful if blood or serum is added to the 
medium. 

E. insidiosa on first isolation is a 
Gram-positive rod, but after continued 
transfer on artificial culture media it may 
become Gram-negative. In the animal 
body and when ^st isolated, the organ- 
isms may be relatively short (1-2^ long)' 
but on cultivation they ordinarily are in 
the form of slender filaments 4-15/s long 
(Fig. 15.4). Branching of the filaments 
has been described. The organism forms 
no spores and is nonmotile. The colonies 
are round and translucent, usually about 
1 mm. in diameter. On first isolation they 



FIG. 15.4 •- Erysipelothrix tnsidioso, agar cut- 
•ur*. X2,000. (From Nowofci Doeumenla MlefO- 
oielogica, courtesy Gustav Fischer.) 



are smooth, but, on contmued tranter, 
larger, rough colonies may appear 
tin is not liqneBed, but « 
tube brush" growth ocrars >'“"S 
ot the stab. Litmus milk may be shgtuly 
acidised. A narrow rone of 
sis forms on blood agar. Neither -ndol not 
acetyl methyl carbinol is 
drogen sulfide is produced. Gas IS not 
ted from carbohydrate media. Acmri 
ing to Karlson (1938), acid ■» ■" 

dmrose, lactose, galactose and levutee, 
while mannose and cellobiose a 
mented late, and no acid is formed from 
arabinose. xylose, rhamnose, maltose, m 
biose, sucrose, trehalose, raffinose. roelezi 
tose, dexuin, starch, inulin, amyg • 
salicin. glycerol, erythritol. fdon.tol. man- 
nitol. sorbitol, dulcitol. or inositol. Maxi 
mum growth occurs at a pH o ' . 

37.5® C. Fiizi and PilUs 
ated between E. insidiosa^ re- 

monocytogenes] the former is r Y 

sistant to crystal violet and 
but is relatively sensitive to 
(disodium hexadecyl disulfonate) 

Further information on barteriol ^ 
the organism is given by Woodbine (W 
Byrne et ah (1952). and Juslm and Stenbe g 

andpaOiolosy. 
sipelas usually affects poults 
seven months of age, alihoug 
(1940) reported it in a 7 d^rou. 
It usually appears in the invinc 

breaks which have been repor 
occurred in September, "v Zr- 

vember. Losses may be fairly .^having 

mlitiet of from 2VS to 25 per haj.ng 
been reported in different flo ' ^ 

teresting characteristic of 
the fact that male birds P/ 

much more susceptible than f 
differential sex incidence 
potted by a number of m 
(1937). for instance, of 1^0. 

325 turkeys ivhich died m 
only 25 were females, whi g 2 ,i 

and Dickinson (1941) in out- 

per cent of the turkeys a 
breaks in 16 flocks ^ve^e males. 
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Symptoms include general weakness 
and listlessness, inappetence, “d sorne- 
times a yellowish ot greenish diarrhea 
Affected birds stand “ . 
lowered head, drooping wings and tail, 
and ruBed feathers. The skm 4»d wattie 
may be cyanotic. Dyspnea and an ulcer 
ated nasal mucosa may be present. Rosen- 
wald and Dickinson (1941) consider t 
most pathognomonic lesion to be a turgid, 

'T'S^W^he" most characteristic 
lesions are petechial and diffuse hemor- 
rhages in mmy of the tissues and organ . 
Th^ have been reported in the abdomi 
nai^pectoral. and femoral muscles, fascia. 

3fSHS?S 

SSS'KSSS 

a Thp lunes may be congested or 

maybTMam6X'*4dfm.to"urhel“hagic, 

r even necrotic. The mesenteric and 
other blood “-‘‘Ss'rr 

r^''rre^aTerMammaho„of^ 

fi: r„r„“‘oS’warnoTd m 

C ise by Beaudettc and Hudson 
n936) On the other hand, in the cases 
Keek-old poults reported by Rosenwald 
(1940). characteristic lesions were absen 

°"pet'"s°n’'ind Hymas (1950) “ 

iHBisii 
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formation on the disease in turkc)s, sec 
the discussion in Chapter 11 of this book. 

Chicken. Symptoms of lassitude, inap- 
pctcnce, and diarrhea may be present in 
the chicken. The pathological anatomical 
changes induced in tliis bird by Eryitpeliy- 
ihrix insidiosa are similar to tliosc in the 
turkey, but are usually not so marked. 
The report by Sparapani (193S) of a jw- 
ralysis of chickens due to lumbar menin- 
gitis caused by Erysipelolhrix imidioia is 
of interest. 

Duck. Ducklings arc susceptible to ery- 
sipelas. Losses may be quite high. In one 
flock of -10,000, Graham el al (1039) re- 
ported a loss of almost 2a per cent, in the 
duck the gross pathologic lesions are simi- 
lar to those ui the turkey and chicken. A 
serofibrinous exudate may be present in 
the air sacs, and the lungs arc often con- 
gested. The liver is often enlarged, friable, 
mottled, and may contain numerous yel- 
lowish pin-point foci. The spleen is usu- 
ally congested, enlarged, and soft. l*e- 
techial hemorrhages may be present in the 
heart. Areas of congestion are often found 
in the intestine, and catarrhal enteritis 
may be observed. Dark, congested areas in 
the webs of the feet, and chronic enlarge- 
ment of the femoroiibiai articulations 
have also been reported. Congestion may 
be found in many of the organs, and pc- 
techiation of die muscles may also occur. 

The symptoms and lesions caused by 
Erysipelolhrix insidiosa in other species of 
birds are similar to those described above. 

Pathogenesis. The pathogenicity of fry- 
sipehthrix tnsidiosa for pigeons is well 
established. Indeed, in some laborato- 
ries. inoculation of these birds is a rou- 
tine procedure for the diagnosis of swine 
erysipelas. While the turkey is quite 
susceptible to the disease, its susceptibility 
is increased by other infectious diseases 
malnutrition, or any condition sshich 
lowers the bird’s vitality. Among predis- 
posing factors are confinement, over- 
crowding, damp or inclement weather, 
drafts, sudden temperature changes, and 
poor sanitation. Of interest in this con- 
nection is the report of Marinelli (1928) 


that the feeding of polished rice lowen 
the resistance of pigeons to Erysipelothiix. 
It is noicssorlliy Utat most of the out- 
breaks of erysipelas rcjwrlcd base oc- 
curred in the fall and winter months. 

While the pathogenicity of E. insidi- 
osa is about the same for the duck as 
for the lutkey, it is definitely lower for 
the diickcn. Nfosl of the cases in this 
species have been sporadic radicr than 
epidemic in nature, and other diseases 
such as pasteurcllosis, tuberculosis, and 
leukosis have often been present also. £x- 
IKrimcnial inoculations of the organism 
by a number of vvorkers give further con- 
firmation of the relatively greater resist- 
ance to infection of the chicken. 

Diagnosis. While extensive pctechiation 
is quite characteristic of erysipelas in 
birds, reliance cannot be placed upon this 
lesion alone in arriving at a diagnosis. A 
positive diagnosis can be made only by 
isolating the causative microorganism 
from the tissues of affected birds by cul- 
tural methods, and identifying it. For best 
icsulis, cultures of heart blt^. liver, or 
Ollier organs should be seeded on blood 
or scrum agar. 

A presumptive diagnosis can often be 
made by examination of thin blood 
smears stained by Cram's method. The 
organisms may be abundant in the heart 
blood or spleen. Filamentous forms are 
usually absent in the animal tissues. 

A serological test might be hcipfok 
since it has been reported by a number 
of workers iliat high agglutinin titers may 
result from natural or experimental in- 
fection. 

Epidemiology. Erysipelolhrix is gener- 
ally considered able to live for a long time 
in the soil, so that infected premises are a 
source of infection. However, Doyle (I960) 
reviewed the evidence for this belief and 
TOnduded that tliere is no evidence that E. 
imidiosa can multiply in the soil, that die 
lengUi of time it can survive in the soil 
is no greater than that of many other non- 
sporeforming pathogenic bacteria, and that 
the soil is therefore not the most impor- 
tant source of infection. In this connec- 



tion Gurova (1959) found that E. insidiosa 
ru'ld survive' only 21 » 30 
uousterilired. Ukra.nian Wack-earth W 
soil in petri dishes, although it survived 
much longer in sterihred soil. 

E. imidiosa has been “ 

meal (Grenci, 1943^ so 
also be a source. However, KubiMW^ 
reported that the organism was MM 
the small intestine after ^ 

oiseon. Infected swine, sheep, 
fish are reservoirs of infection for birds 
“ Tas h“e„ suggested that the 

enters the body .hu?'? Well- 

abrasions in the skin. In Mdition, 
maun (1950) found that E. 
could be transmitted j, 

sick mice to pigeons W *' >flej„^^ 
horsedy, mosquitoes, and other g 

Erysipelothrix is infectious £<k man. in 
lectioV in pertons.who hYC handledjr 
performed neCTopsies on ” Narotsky 
been reported by Bmns (I )■ 
and Hiwlcy (1949), and 

Hudson el n!. (1962). and Evans and 

^ThSpr^-icilliu. and partie»i«ly,in 
longer-lasting derivatives such as p 
penicillin o? bentathine 
been used with success in tteaung 
tuikeyi, pigeons, and ,Ph"” „d 

by intramuscular '" 1 '“° , ^“, 45 . ciSord 

SoiDcLa; id Koi, W50t 
S; jSad and’johm, 95 ^ 

Winki 1956). I" ^ited 

and Boyer and Ih»»" penWUin 

that administrauon of rolling 

in the feed was effective J" ® 

outbreaks of "lyP'ia' ^ ^ ton 

and Brown (1957) used 8 S ^ 200 
of feed, while Elliott ('f*' per 

gm, P« ton the ffrst week 
ton the second week, and 64 ^ ^ 
the third week. However. 

r Winkel (1956) ^„tstant strain 

( turkeys due to a penialUn restsw 
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of Erysipelothrix whieh was sensitive to 

“r'17i"rr-p— S",s 

SSSSsSw 

Masses 

Orlandeila ( ) erythromycin ad- 

infected pig subcutaneously, 

ministered eithe Y effective than 

s1E:.’SS2.as 

uve in treating ; against 

r^^SsSsit'sStu- 

•""iesuifonamMesar^apf^ntlyM^; 

loss foi tre» ung f. .nn*» , 945 , 

(Konst, Eret >n j 

Further inlomalion Woodbine 

^I'oS^orCS anlCen\l 954 ), and 
'tl:inS2;ion.At^ahnM.ei^al,^- 
„„m successfully by a 

r of workers to immunise turkeys 
number of jg52; Dickinson el 

‘t‘"S 53 “TerSd ani Johns. 1951a. 1954b 
“ 956 - Cooier et «i.. '“I, 1957: Boyer and 
inK 7 A This immunity is not grea 
Brown. 1957). 1 his mu 7 

enough to protec found of 

mental fiM'nge but i bm been 
practical value uh^er lieia c_^^ 
can be used m beginning of 

treatment of sick b Mitrovic el 

an outbreak to concentrated. 

al. (1961) found that a 

formoliied. adsorbed v^ci ^ 

variant smooth ^ better than a 

&rXlcutoeofE.ias.df»»pt. 
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tected turkeys against challenge with a 
virulent strain 12 weeks later. Peterson 
and Hymas (1952) immunized turkeys by 
simultaneous injection of a live, attenu* 
ated culture and antiserum. 

Treatment with antiserum alone may 
be of some value, but only if it is admini^ 
tered very early or before clinical symp- 
toms appear. Sparapani (1338) reported 
the successful use of swine erysipelas anti- 
serum in chickens, as did Whue and Hen- 
ley (1942) in ducks. Breed (1943) in 
chickens, and Grey (1947b) in turkeys, if 


it was given early enough. On the other 
hand, attempts by Graham et al. (1939) 
to protect ducklings on contaminated 
premises by die use of antisera and bac- 
terins svere unsuccessful. Brown et el. 
(1949) gave antiserum to an infected 
(lock of turkeys with equivocal results. 
Roscnwald and Dickinson (1941) re- 
ported diat the use of commercial swine 
erysipelas antiserum svas impractical in 
the treatment or prevention of the disease 
in turkeys. 
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Goose Influenza 

fSepHcaemta anserum exsudotivo) 


Goose influenza was first desaibed In 
some detail by Riemer (1904) as the cause 
of a fatal disease of geese in Germany, 
and a specific bacterium was isolated from 
the affected birds. A similar microorgan- 
ism was found in geese by Bugge (1908). 
This disease was later encountered in 
several German provinces by a number of 
investigators (Cemets, 1953). Their data 
indicate that the disease was probably in- 
troduced into Germany by Russian and 
Polish geese. The disease of geese de- 
scribed by M’Fadycan (1902) in England 
was probably goose influenza. The hemor- 
rhagic septicemia observed by FiorentinI 
(189$) in geese and swans was, hoivcver, 
due to a different organism, a bipolar 
staining, motile coUform rod, pathogenic 
for chickens, pigeons, rabbits, guinea pigs, 
geese, and ducks. The influenza bacterium, 
on the other hand, is pathogenic only for 
geese. Although this disease has not been 
reported in North America, the writer 


(unpublished data) isolated an organism 
from a young goose in Illinois which was 
similar in preliminary tests to the cau»> 
Uve agent of goose influenza. 

Etiology. The organism causing goose 
influenza appears in the animal body as 
a small rod, frequently resembling a 
diplococcus. It varies in size from 0.5 to 1.5 
by 0.5/^ It can always be found in large 
nurob^s in the heart blood, pericardial 
fluid, and fibrinous exudates. It is Gram- 
negative, forms no spores, and is non- 
motilc. While it can be rather easily iso- 
lated from an affected bird on plain nutri- 
ent agar, a medium containing hemo- 
^obin is necessary for further transfen. 
Once adapted to artificial culture media, 
however, it will grow on plain agar. 

Small, white, circular colonies are 
formed on gelatin plates, while in gelatin 
stabs a slight infundibuliform liquefac- 
tion occurs which becomes complete in 
several weeks. On nutrient agar, circular. 
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transparent, smooth, homogeneous, slightly 
viscid colonies are formed. They are gray- 
isli-white (bluish by transmitted light) at 
first, but become brownish-yellow with 
age. In broth a uniform turbidity is pro- 
duced, and a slight sediment is formed 
after a few days. A pellicle may or may 
not be formed. Indol is usually not 
formed. Litmus milk is unchanged. Slight 
acid may be produced from dextrose but 
not from lactose. Hydrogen sulfide is 
formed. On coagulated blood serum, a 
yellowish-white growth appears, and the 
medium later becomes brownish and still 
later is liquefied. No growtli occurs on 
Drigalski-Conradi or Endo media. The 
optimum temperature is about 37.5® C. 
No growth occurs below 15®, while an 
exposure to 56® C. for 5 minutes kills the 
organisms. Cultures are viable only a 
relatively short time. 

The systematic position of this organism 
has varied with different authorities. Rie- 
mer (1904) named it Bacillus seplkaemiae 
anserum exsudativae, and it also been as- 
signed to the genera Shigella (Bergey et al., 
1939, Smith, 1948) and Hemophilus (Frosch 
and Bierbaum, 1909; Loffler, 1910; Sch- 
niter, 1936; Gerriets, 1953). However, 
Breed et al. (1957) called it PosleureUa 
septicaemiae, and this name is being used 
herein. 

Symptoms. Both young and old geese 
are susceptible to the disease, while ducks, 
chickens, and turkeys are not affected. The 
disease generally appears in May and the 
first half of June, sometimes reappearing 
in the latter part of August and Septem- 
ber. At the beginning of an outbreak, a 
few cases and some deaths are observed, 
but later a high percentage of the flock 
may become affected. At first the disease 
is found in the young geese, but as the 
epidemic progresses older birds are also 
affected. The mortality in young birds is 
especially high, often 70 to 90 per cenL 
The disease usually disappears from the 
flock in two to four weeks. 

Few affected birds survive, and these 
generally exhibit paralysis or leg weakness 
for some time. 


The first striking symptom is a decrease 
in appetite. The birds gradually become 
weaker, squat svith ruffled feathers, and 
keep apart from the rest of the flock. Ac- 
cording to Bugge, diarrhea sets in 12 to 24 
hours before death. The birds strike with 
their l<^s and head, stagger while walking, 
and breathe rapidly. The beak is opened 
wide and a snoring noise is emiterf. 
Death may come cither gradually or quite 
suddenly. The course of the disease is 
ordinarily 2 to 5 days, although sometimes 
the birds may die within an hour after 
symptoms appear. 

Pathology. In this disease two post- 
mortem pictures have been described 
which are in partial agreement. Riemer 
desCTibed an exudative septicemia, while 
Bugge empliasized the inflammation of 
the air sacs and the lung lesions. Both 
Riemer (1904) and Eber (1921) iowi 
at necropsy only a tender, lightly adhering 
film on the liver surface, fine fibrinous 
threads on the epicardium, and a small 
amount of a turbid, serous exudate in the 
pericardium. No other morbid changes m 
the organs or tissues were demonstrated. 
According to Bugge, the roughened sur- 
face of die air sacs is covered by a yellow- 
ish film tvhich can be easily pulled off. 
and the inner surfaces are covered by 
thick, coherent, whitish-yellow fibrin mass- 
es frequently distributed in reticular 
fashion. Since these masses may continue 
on to die lateral and posterior borders o 
the lung, numerous yellow nodules from 
the sire of a pinhead to that of a pea are 
visible through the healthy rosy-red lung 
tissue at these places. The peripheral 
bronchi are Riled with yellowish fibrinous 
masses. In a few cases hemorrhages in the 
intestinal mucosa and enlargement of the 
spleen, liver, and kidneys are observed- 
Pathogenicity. The organism of goo« 
influenza is pathogenic for geese, but rab- 
bits, gray and white rats, mice, ducks, 
chickens, and pigeons are not affected by 
it. Guinea pigs may be killed by a laig® 
inoculum of .the bacteria. Cultures lose 
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iheir virulence rather rapidly if they are 
not passed through geese regularly. 

Diagnosis. In dead geese the disease is 
recognized rather easily by the character- 
istic fibrinous inflammation of the serous 
membranes or of the air sacs as well as 
by symptoms of a general septicemia. The 
diagnosis is confirmed by recognition of 
the bacteria in stained smears from af- 
fected areas or heart blood, or by isolation 
and identification of the causative micro- 
organism. 

Therapy. According to Gerricts (1953), 


penicillin and sulfathiazole are effective 
in treating this disease. 

Prevention. While vaccination with an 
autogenous bacterin may be attempted, 
the main emphasis in the control of goose 
influetua must be placed on the appli- 
carion of hygienic measures. Newly ac- 
quired birds should be held under quar- 
antine. Sick, birds should be separated 
from the rest of the flock or slaughtered, 
and all carcasses should be destroyed by 
burning. Houses and runs should be dis- 
infected. 
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Streptococcosis, Staphylococcosis, 
Arthi-itis, Coli-gi-anuloma (Hjarre’s 
Disease), and Colibacillosis 


Avian Streptococcosis 

Streptococcic infections occur sporadically 
in fowls. The disease has been reported 
in many countries of the world. It has 
been described as an acute septicemia of 
fowls (Ndrgaard and Mohler, 1902; Greve, 
1908; Magnusson, 1910; Hudson, 1935; Ed- 
wards, 1934; Buxton, 1952). Others have 
described chronic infections caused by 
streptococci (Dammann and Manegold, 
1905; KernEamp, 1927; Edwards and Hull, 
1937). Streptococci have been isolated from 
an acute disease in young geese and duck- 
lings by Hodosy (1944) from turkeys by 
Volkmar (1932), and from pigeons by 
Made] (1961). 

Etiology. The most common causative 
agent is Streptococcus gallinarum. Mer- 
chant and Packer (1961) have described 
this organism as Gram-positive, occurring 
in chains of 6 to 8 cells. Long chains are 
found in fluid media, while diplococcoid 
forms occur on solid media. Some strains 


have capsules. On agar, young coloniH 
are tvhite and gelatinous. Older colonie 
have bluish borders and brown cenien. 
Beta hemolysis is observed on blood agw. 
and leucocidin is also produced. 
coccus zooepidemicus also may be isolate 
occasionally from chickens (Edwards an 
Hull, 1937; Packer, 1951; Buxton. 195^: 
Agrimi, 1956; Sato et al., I960). Thu 
species can be distinguished from Slrcf‘0* 
coccus gallinarum by its ability to fermen 
sorbitol. Streptococcus gallinarum does no 
ferment this sugar. Agrimi (1956) isolate 
Streptococcus faecalis from 5 of 6 cases o 
acute septicemia in fowls. S. faecalis as 
been isolated from cases of bacterial endo- 
carditis by Gross (1962). 

Transmission. The disease has been re 
produced with strains isolated from acute 
outbreaks. The route of infection in the 
natural disease is not known, althoug 
Hudson (1933) suggested that the organ- 
ism might be introduced by way of tn 
respiratory tract. He also mentioned tha 
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carriers may exist after an outbreak and 
that these might serve to introduce the 
disease into a susceptible flock. 

Pathogenicity. Chickens are the natural 
host, but other species, namely rabbits, 
pigeons, ducks, geese, turkeys, and white 
mice, are susceptible. Guinea pigs are re- 
sistant. 

Symptoms and lesiotu. In acute cases 
death may occur without definite symp- 
toms. Lesions consist o£ congestion and 
enlargement of the parenchymatous or- 
gans. In the chronic form, depression and 
debility are prominent symptoms. On ne- 
cropsy there may be necrotic foci in the 
liver, a fibrinous exudate in the abdominal 
cavity, and an enteritis. 

Mortality. In the flock described by 


Ndigaard and Mohler (1902) the loss was 
over 90 per cent of the birds. Losses in 
other outbreaks mentioned were less se- 
vere, and in chronic cases the mortality 
was considerably less. 

Diagnosis. Isolation of Streptococcus 
gallinarum or Streptococcus zooepidemicus 
constitutes a diagnosis. The organism 
may be isolated from the blood and 
parentdtymatous organs, or in chronic 
cases hom localized areas of infection. 

Treatment. IVhile there have been no 
reports of attempted treatment with the 
sulfonamides and antibiotics, some of 
these might be tried in outbreaks of strep- 
tococcosis, particularly where valuable 
breeding stock is involved. 
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Avian Staphylococcosis 

Staphylococci are occasionally isolated 1931; Jungherr, 1933; Gwatkin, 1940; 

from chronic or acute conditions of fowL Jungherr and Plastridge, 1941; Rowlands 

The organism has been isolated from and Smith, 1945; Fahey, 1954). Staphylo- 

cases of arthritis (Hole and Purchase, cocci have been isolated from cases of 
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vesicular dermatitis (Hoffman, 1939), 
omphalitis (Williams and Daines, 194^, 
keel bursitis (Van Ness, 1946), and syno- 
vitis (Hinshaw and McNeil, 1952; and 
Madsen, 1942). Other reports of staphylo- 
coccic infections in fowl have been made 
(Lucet, 1892; Freese, 1907; Eber, 1921; 
Hasenkamp and Sachweh, 1914; Schlegel. 
1922: Reinhardt. 1922; van Heelsbergen, 
1919, 1929; Seetharaman and Sharma, 
1949; Dal Santo. 1959; Sato et al, 1961). 
Outbreaks of “wing-tip" gangrene due to 
Staphylococcus aureus and Clostridium 
welchii Type D have been described in 
Italy (Rossi, 1956; Mondini and Quaglio, 
1956, 1959; Zoletto, 1957). Rossi describes 
the acute form of the disease as a catarrhal 
conjunctivitis, crust formation on the skin 
of the back, joint lesions, and purulent 
panophthalmia and death in 8-10 days. 
Mortality was 50 per cent in 5 flocks of 
young chicks. Mondini and Quaglio (1959) 
state that osteoarthritis is a prominent fea- 
ture in the majority of cases. 

Etiology. The causative organism is 
Staphylococcus aureus. The pathogenic 
strains coagulate rabbit plasma, produce 
beta hemolysis on blood agar, ferment 
lactose and manitol, liquefy gelatin, and 
produce neaosis in the skin of rabbits. 

Susceptible species. Staphylococcus aure- 
us has been isolated from geese (Lucet, 
1892; Rowlands and Smith, 1945), from 
pheasants (Hole and Purchase, 1931), from 
turkeys (Jungherr, 1933), and from chick- 
ens. Rabbits are the most susceptible of 
the laboratory animals (Merchant and 
Packer. 1961). 

Transmission. Pathogenic straiiu of 
Staphylococcus aureiu produce a fatal 
septicemia in young chicks when given 
intravenously. Occasionally an arthritic 
lesion is produced (Jungherr and Plast- 
ridge, 1911). In the natural disease it is 
belies ed that injuries serve as portals of 


entry for Staphylococcus aureus. Hinshaw 
and McNeil (1952) could reproduce the 
disease in turkeys only by intravenous 
inoculation. 

Symptoms and lesions. In the acute dis- 
ease, which is fatal within several days, 
there are symptoms of diarrhea, depres- 
sion, and joint swelling. The parenchyma- 
tous organs are found congested and swol- 
len at necropsy. In the chronic cases the 
outstanding symptoms are a hobbling gait, 
frequent sitting or reluctance to move, 
enlaced joints, gradual emaciation, and 
finally death. The pathology is primarily 
an arthritis and synovitis. The tibiometa- 
tarsal joint is most frequently involved, 
although others may be affected. Initially 
there is a swelling of the affected joint, 
which is due to a serous inflammatory 
exudate. Later this exudate becomes cas^ 
ous in character, and the joint swelling be- 
comes firm. 

Diagnosis. Isolation of Staphylococcus 
aureus from the blood stream or from at" 
fected joints of sick birds constitutes a 
diagnosis. The pathogenicity of the organ- 
ism isolated should be determined by ih« 
coagulase test and the presence of alpha 
hemolysin. 

Treatment and prevention. Autogenous 
bacterins, sulfadiazine, and sulfanilamide 
have not been effective (Jungherr and 
Plastridge, 1941; Rowlands and Smith, 
1945). Broad-spectrum antibiotics 
found effective in treating turkey poults 
suffering from arthritis (Fahey, 1954). 

Since injuries may serve as atria of m- 
fection. sharp objects, such as nails, glass, 
and barbed wire, should be removed from 
the premises. Wire floors should be ex- 
amined for sharp ends. When anti-pid^ 
devices must be placed on the birds, some 
precaution should be taken to avoid in- 
troducing infection. 
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Arthritis 

Caused by Batieiium arihsopyogettes, SsthetUhio veneaue/e/isis, 
Safmoneda Species, ond Streptobocitlus 


A ir.vt sssef sJ A'-ib.tv.v .Iwu* bflp.u re- 
potted which are caused by organisms 
other than staphylococci. Nobrega (IWO) 
isolated ilacterium atthropyogenes from 
cases of arthritis in diickcm- The disease 
could be reproduced ex[>erifncntilly by 
ititrasenous inoculation of the organism. 
B. arlAropyo^eries is a Gram-negative, 
nonmotilc rod which grows well in most 
culture media. Swellings of the tibiotarsal 
and inciaursal joinu were observed, and 
in some cases abscesses were preserrt 
around the joint (Fig. 16.1). Gallo (1912} 


Xstdared JSsrheriehia veaezaseJensjj fjoso 
siruilar cases of arthritis in chickens. This 
oigaiiism was capable of producing the 
disease when inoculated into experi- 
mental chickens. Salmonella pullorum has 
been isolaicd occasionally from sporadic 
cases of arUiritis tn chickens (IJeaudette, 
I0S6; Reis, 1942). Carnaghan and Sojka 
(19$^ isolated the %'ariani strain of S. put- 
forum from joints of young chicks, as did 
Ferguson et al. (1901). Boyer et at. (1958) 
isolated Stteptobaciiltu moniliformis Irom 
icndovaginius of the hoct of turkeys. The 
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fiG. — Periarficw/ar obicessei eauted by B. orth/cpyogenefc Sponfoneeus eo»e. (Cour- 
tesy P. Nobrego, Arq. Inst. Biol., Sqo Peulo.) 


condition was reproduced in poulu by in- produce joint infection in pigeons (Fen- 
travenous or foot pad inoculation with cul- steimacher, 195^. 
lure material. Paratyphoid organisms may 
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Coli-granuloma 

A condition in chickens characterized 
by granulomatous lesions in the wall of 
the digestive uact and in the liver has 
been described by lijarte and Wramby 
(1945). It is a fairly common disease in 
Sweden and is important because it can be 
confused with tuberculosis. Crairulomat 
similar in morphology and distribution, 
but of unknown etiology, have been ob- 
served in the United States (Dcnncu et 
al., 1951; Jungherr. 1952: Snocyenfaoi, 
1952). In Canada, Schofield (1947) ob- 


(Hjarre's Disease) 

served a disease in turkeys which he con- 
sidered to be coli-granuloma. Wickw^ 
(1948), also from Canada, found the di^ 
ease in chickens. Savage and Isa {19^ ) 
observed the disease in il cases, 10 ° 
them being in turkeys. Hamilton and Con- 
rad (1958) diagnosed the disease in 2 out- 
breaks involving 1,000 and 2,000 chicket^ 
Mortality was 75 per cent and a mucoin 
E. coU was isolated; however, they 
unable to reproduce the condition. 

Etiology. Hjarre and Wramby 
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found a coUform bacterium as the causa- 
tive agent It is a Cram-negative, capsu- 
lated organism which forms mucoid colo- 
nies. The mucoid, M-form, of Uie 
organism may dissociate in culture into an 
S-form and a noncapsulated R-form. The 
agglutination type of the M-form corre- 
sponds witli KaulTman’s M-a^lutinaiion 
in coliform bacteria. Ulbrich (1951) 
studied 22 mucoid strains of £. co/i iso- 
lated from cases oi coli-granulozna in 
Germany and Sweden. Sixteen belonged 
to O group 4, four to O group 8, and two 
to O group IG. Six capsular (K) antigens 
were found among llie cultures: Kl, KC, 
K7, K8, K9, and K12. H antigen was not 


demonstrated among Uiese cultures. 

Padjogenidty. The disease is apparently 
only slightly infectious. Feeding infected 
material has not produced the disease. 
However, intramuscular injections of in- 
fected (issue suspensions or intravenous 
injections of pure cultures of the coliform 
oiganism have resulted in typical morpho- 
logical lesions in many of the experimental 
chickens (Hjarrc and Wramby. 1945). 
The baacrium is also pathogenic for 
white mice and rabbits. 

Symptoms and lesions. AITecicd birds 
become thin and depressed. The organs 
most commonly intohed arc die ceca and 
liver, aliiiough granulotnac may occur at 


i 

i 



flG. ^6,2 — Longitudinei teclion of ihrouQh a gronulomo. Enlorged. {Hjorra, Stol* 

Ve). Med. Srpclthplm, Sweden.) 
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flG. 16.4 — LIv«r from chicken with coli>granutoma. (Hiorre. S>at» V«l. 
Med. lost., Stockholm, Sweden.) 


any place along the digestive tract and 
in die spleen and bone marrow (Hjarre 
and Wramby, 1945). It is common to find 
only isolated granulomae on the wall oE 
the ceca (Fig. 16.2), although the lesions 
may involve the entire wall (Fig. 16.S). 
When the disease involves the liver, there 
is enlargement and large, irregularly shaped 
areas of necrosis (Fig. 16.4) 

Diagnosis. Coli-granuloma may be con- 
fused with tuberculosis, although distri- 
bution of lesions, microscopic pathology. 


and the absence of acid-fast bacilli serve 
in differentiation. Old coli-granulomae 
cannot be distinguished from tuberculosis 
on the basis of morphology. In the early 
stages the coli-granulomae differ from 
tubercles in quantity, size, and appearance 
of giant cells (Hjarre and Wramby, 1945). 
Isolation of a mucoid, capsulated coll- 
form bacterium which will reproduce the 
disease in experimental chickens would 
constitute a diagnosis. 
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Avian ColibaciDosis 


Escherichia coli frequently can be iso- 
lated from diseased fowl. It is usually con- 
sidered to be a secondary invader, al- 
though it has been incriminated as the 
cause of death in some flodts. 

A number of investigators have reported 
on the isolation of colifonn bacteria from 
septicemic infections of fowl (Ligni^res, 
1894; Martel, 1897; Claussen, 1907; Zeiss, 
19H; Palmer and Baker, 1923; Davis, 
1938; Twisselmann, 1939; Gurumurthi and 
Panduranga Rao (1962). Some have sug- 
gested that E. coil can cause a septicemia if 
the resistance of the bird is weakened by 
hunger, thint, extremes of temperature, 
and low vitality (Claussen, 1907; Davis, 
1938). Colifonn organisms have l^en i$o> 
lated from eggs laid by hens infected with 
Salmonella pullorum (Garrard, 1946). 
Bueno (1940) found the colifonn organisms 
common in the lower digestive tract cl 
chickens. Isolations of £. coli are made fre- 
quently from cases of pericarditis associated 
with so^lled air sac infection in broilers 
(Gross, 1956; Biddle and Cover. 1957). 
Gross and Siegel (1959) produced perito- 
nitis in diickens by intraperitoneal inocu- 
lation of a pathogenic strain of E. coli to- 
gctdcr Wild sierile yoflt. £(fwards anrf 
Ewing (1954) studied 30 cultures of £. 
colt isolated from internal organs of fowl 
and found them to belong to serotype 
02;Kl‘.H5. This type was not found 
among 200 cultures of £- coli from the in- 
testines of fowl or other animals. Cross 
(I95fi) found this serotype to produce 
pericarditis and air sac infection. 8ojka 
and Camaghan (1961) studied 797 E. coli 
strains from poultry. Over 60 per cent be- 
longed to Uie serological "O'* groups, 02, 
078, and 01. 

Reproduction of £. coli infection has 
been attempied by some Investigators. 


Davis (1938), using both healthy chicks 
and chicks of low vitality, was able to 
demonstrate pathogenicity of the organism 
for the weak chicks, but low pathogenicity 
for the healthy chicks. Osborne et al. 
(1946) made inoculations of several strains 
of E. coli intraperitoneally into twenty- 
four young chicks. The chicks sickened 
within 24 hours, although all but two 
recovered. Gross (1956) found that five 
serological types of £. coli were capable 
of producing pericarditis following air sac 
inoculation or aerosol exposure. A com- 
bination of other agenu, such as Myco- 
plasma galliscpticum, increased the patho- 
genicity of £. cofi'. 

Symptoms and lesions. In the disease de* 
saibed by Davis (1938) the young chicks 
were weak and had a pasty vent. At ne- 
cropsy about 50 per cent of the chicks had 
enlarged livers with necrotic foci. A few of 
the livers were covered with a gelatinous 
exudate. All had unabsorbed yolks. The 
disease described by Claussen (1907) af- 
fecting adult chickens was similar to fowl 
cholera. The birds were depressed, re- 
fused to eat, and some had diarrhea. Ne- 
cropsy of affected chickens revealed pc- 
teedi'a/ demomiagef icr<f deputri." ctnrga-- 
tion. 

OiagnosU. Isolation of Escherichia coli 
from the blood and parenchymatous or- 
gans of killed, sick fowl, and the elimi- 
nation of other possible causes are neces- 
sary for an accurate diagnosis. Some ertort 
should be made to determine Ute paiho- 
^nlcity of tlie isolated organism for iljc 
species from svhich it was culturc<l. ai>d 
it possible to have iltc organism typed. 
Sojka and Camaghan (1961) found all 
strains sensitive to furaxolidonc. An in- 
creasing number of strains were found re- 
sistant to tetracycline. 
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Ulcerated Enteritis, Quail Disease 


This tmeric disease '* P."“* i ° uail 
portance to those engaged in ^ I 

but inaeasing reports ol 
mortality Irom this dneat''" 
species points up the need lor diagnosis 
and treatment. 


INCIDENCE 

Durant and Doll (1941) stated that the 
disease was reported in Ure 
white, the Calilornia quail, the ■nouj^w P 
quail, the sharptail grouse 
quail, the European partridge, the * 

"partridge, the t-hey “d d.e__d.^ 

raestic fowl. Levine (1932) reporr^ 
cerative enteritis of epidemic p p 
in ruffed grouse and transmi 
ease to quail by feeding theru to 
had been permitted to feed o ^ 
contents from Uie affected gt""'' 
macher and Doyle, in *= «P“‘ 
linger and Morley (1934), it 

enteritis in young ^ gulps and Van 

could be a serious problem. 

[4811 


Roekel (1944) reported finding ulcerati^ 

^rS^^rhis'lndLetictutheysandto^^^^^ 

S‘J‘J,rit"nceeL^n'a 

“hh thisraterial. Glover (1951) and Peek- 
ham (1963) observed “''XTey S ^ 

^ount wild turkeys. They descr.'ied 
the disease in domestic chicks and pullets, 
and they infected quail "i* 
tents from these chickens. These . 

were able to transmit ulcerative enteritis 
[rom quail to wild turkey poults. 

(1959, I960) reported -r i iver 

disease to quail by oral inoculation of liv 

suspensions or intestinal el i 

tected chickens or turkey and 

(1958) found the disease m p 

in wild quail taken m ■ J. 

ton. Mrnt of the reports concenimg 

cerative enteritis h^e Se 

United States but Hams 

ffrst to record an outbreak of uleerai 
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enteritis occurring in quail in Great Brit* 
ain. 

SIGNS 

In quail the disease may assume an acute 
or chronic form. In young quail the losses 
may approach 100 per cent in a matter of 
a few days. Outbreaks may occur in birds 
reared on wire but are more common in 
birds reared on litter or ground. There 
may be no premonitory signs in birds dying 
suddenly. Such birds are usually well mus* 
cled and fat with feed still in the crops. A 
very striking characteristic of quail aSected 
with ulcerative enteritis is a watery drop- 
ping containing urates (Fig. 17.1). In trans- 
mission studies the hrst sign of infection is 
a change from the normal dry and firm 
dropping to that of watery consistency. As 
the disease progresses, infected quail be- 
come listless, humped up, with the eyes 
partly closed and the feathers dull and 
ruffled. In birds affected a week or more 
there is a marked wasting of the peaoral 
muscles and eventually extreme emadaiion 
occurs. There is a marked drop in feed 
consumption. The course of the disease 
following experimental infection is approx- 
imately three weeks svith the peak of mor- 
tality occurring between 5 and 14 days fol- 
losving inoculation. Bass (1941b) stated 
that when wide distribution had occurred 
in quail stock, it took from 6 to 10 months 
for all infected birds to die out. 


GROSS LESIONS 

Gross lesions in quail are variable d^ 
pending upon the time elapsing between 
infection and death. Birds dying suddenly 
may have a marked hemorrhagic enteritis 
in the upper portion of tlie intestine. Smril 
punctate hemorrhages may be visible in 
the intestinal wall. The liver and spleen 
may shov? no gross changes in acute cases. 
In chronic cases the lesions become more 
prominent and extensive. Ulcers may oc- 
cur in any portion of the intestine and 
ceca (Fig. 17.2). Small yellow foci with a 
hemorrhagic border may be seen both 
from the serosal and mucosal surfaces (Figs- 
17.S and 17.4). As the ulcers increase in 
size the hemorrhagic border tends to dis- 
appear. The ulcers may be lenticular or 
roughly circular in outline sometimes coa- 
lescing to form large necrotic diphtheritic 
areas. The lenticular shape is more com- 
mon in the upper portion of the intestine. 
The ulcers may be deep in the mucosa or 
in older lesions they may be superficial and 
have raised edges (Fig. 17.5). Ulcers in the 
ceca may have a central depression fiHe'^ 
with dark staining material that cannot be 
rinsed away readily. Perforation of the ul- 
cers commonly occurs resulting in perito- 
nitis and intestinal adhesions. 

Liver lesions vary from a light yellow 
mottling to large irregular yellow areas of 
necrosis along the edges of the liver. Other 




W<i^i 


FIG 17.2 — Quail i’''®*' 
. Inei with oval ulceration* 
visible through the serosa. 
(Courtesy P. . ?• 

Dept. Avian Diseases. Cor- 

neil University.) 


fIG. 17.3 -Chicken in- 
testine. Note lenticular 
ulcer* with a hemorrhagic 
border visible through the 
serosal surface. 
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FIG. 17.5 -Poult intes- 
tine with croterlike ulcer- 
ations from o nolurol cose 
of ulcerative enteritis. 




FIG. 17.6 -Combined ul- 
cerative enteritis and f. 
brunetii In the Iniettl*}* ®‘ 
o chicken. Note small ul* 
cers in ceco and rectum. 
Dlphlherlfle membrane is 
due to coceldiol Infeellen. 


liver lesions are disseminated grey foci or 
small yellow circumscribed foci which are 
sometimes surrounded by a light yellow 
halo effect. The spleen may be congested, 
enlarged, and hemorrhagic. Gross lesions 
are absent in the other organs. Peckham 
(1959) described liver, cecal, and intestinal 
lesions in chickens dying from ulcerative 
enteritis and noted that the disease in 
chickens is usually preceded or accom- 
panied by coccidiosis (Fig. 17.6). Bullis and 
Van Roekel (1944) noticed that cocddiosis 
and ulcerative enteritis were often asso- 
ciated in poults. Witter (1952) reported 
complications in broiler flocks affected with 
coccidiosis. He found intestinal and cecal 
ulcerations similar to those of ulcerative 
enteritis in quail and, in addition, swollen 


livers with pale, marginal necrotic areas. 
Gray et ai. (1954) noted intestinal and cecal 
ulcerations with large areas of necrosis in 
the livers of chickens with hemorrhagic dis- 
ease. All of these flocks had been treated 
with coccidiostats. Jungherr (1955) indi- 
cated that ulcerative enteritis was increas- 
ing in turkey poults and chickens (Fig- 
17.7). He stated that some cases of coccidi- 
osis did not respond to the usual coccidi- 
ostats, because of complications with ul- 
cerative enteritis, and only when the treat- 
ment was changed to antibiotics or fura- 
zolidone did the flock improve. Chickens 
with ulcerative enteritis manifest signs simi- 
lar to those of coccidiosis. As a result of this, 
flock owners usually medicate with a coc- 
ddiostat. Rosen and Bischoff (1949) re- 
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ponad that 1 per cent ’w 

0.25 per cent „urse ol ol- 

lor 3 day. had no ellect on 
ceraiive entenlis in q • {ajiure ol 

Coburn (1945) reported on t e 
sulfonamide therapy were 

enteriti.. In chiclcn. the liver lesion ^ 
either small, discrete, ye o , „(,j|ow 

or large, i"'6n'“'y ‘‘"fitertFig IT-*)- 
areas on the border of t 4^ 

Ulcerations “ “ combination ol 

the intestine, or both. diflercnii- 

cecal and Iber lesions mate •h'^ 

ation of this form o This can be done 
and blackhead necessary- demon- 

b, histological eitaminalion or ^ 

sirating the ulcerative enteritis na 
liver smears. , unusual 

PecUiam (I960) J. char- 

lesion of ulcerative i.,j,critic mem- 

acteriicd by a necrotic d.^ith^U^ 

brane occupying of necrosis 

intestine. This Mucosa ap- 

and sloughing of the mtest 
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(Fig. n.9). 
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cyiic Small clumps of 

jacenl to the necrotic tissue. 
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granular acidophilic coagulated material 
mixed with cellular detritus and bacteria 
(Fig. 17.10). Granulocytes and lymphocytes 
infiltrated the area surrounding the ulcer 
(Fig. 17.11). In the submucosa and muscu- 
laris small blood vessels near the ulcers 
were occasionally occluded by bacteria. 


iTIOlOGY 

The isolation and identification of the 
etiological agent has been the subject of 
several investigations and, to date, confir- 
mation of these reports is lacking. Morley 
and Wetmore (1936) reported the isolation 






FJO. 17.)1 —HJflher mognifieafion ef 
area indicated by arrow in Fig. ^7.)0. 
NoJ» cellular infiltration and dark 
Unear maater (arrow) of bacteria. 

XidO. 
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of an organism in pure culture from the 
h\er of diseased quail with which they pro- 
duced ulcerative enteritis in quail. The 
organism which they named Corynebacte- 
num perdicum was described as a Gram- 
positive, pleomorphic, aerobic, nonmotile 
rod. The organism could not be isolated 
on solid media and on primary culture 
grew poorly in fluid media. The organism 
retained its virulence for seven subcultures 
but the majority of cultures soon lost their 
virulence. 

Bass (1941a) described the isolation of a 
Gram-negative, anaerobic bacillus from 
the intestine and liver of infected quail. 
The medium he used for isolation was thio- 
glycollate modified by the addition of 0.1 
per cent agar. Using cultures grown in 
artificial media, he was able to reproduce 
the clinical syndrome. 



FIG. 17.J2 — Seven^Jay-old culluro of quail bo. 
cillus in ihio^lycollole. 9th poiiogo. 


Durant and Doll (1941) tested 70 bac- 
terial cultures they had isolated from quail 
by aerobic and anaerobic culture. None of 
these cultures reproduced the disease on 
feeding. On the basis of histological stud- 
ies and the character of the disease, they 
concluded the disease was probably of bac- 
terial origin. 

Peckham (1959, 1960) reported on the 
isolation of a Gram-positive, spore-forming 
rod from the blood, liver and intestine of 
infected quail. The same organism was 
isolated from the livers of chickens and 
turkeys affected with ulcerative enteritis. 
Most of the isolations were made by yolk 
sac inoculation of 5-6 day chicken em- 
bryos. The intestinal suspension was heated 
at 70° C. for 10 minutes before embryo 
inoculation. Some liver suspensions were 
inoculated directly into embryos without 
treatment while other suspensions wer* 
heated at various temperatures and inter- 
vals with the maximum of 80° C. for_20 
minutes. Following intraperitoneal injec- 
tion of quail, S isolations were made by 
inoculating pieces of liver into ihioglycol- 
late enriched with 10 per cent horse serum- 
The fact that the bacillus is a spore former 
and resistant to heating facilitates isolation, 
Liver samples that might contain surface 
contamination can be prepared for embryo 
or media inoculation by triturating the 
tissue with a small amount of diluent and 
then heating at 80° C. for 20 minutes or 
100° C. for 5 minutes. Yolk cultures were 
pathogenic when administered by the oral, 
intramuscular, and intraperitoneal routes. 

CULTURAL CHARACTERISTICS 

Growth was established in thioglycoHatc 
medium enriched with 3 to 10 per cent 
horse serum or defibrinated horse blood. 
After adaptation to thioglycollaie, growth 
occurred as a granular mass in the lower 
two-tliirds of the tube (Fig. 17.12). Fol- 
lowing 8 to 10 serial passages in tliiogly' 
collate at 48- to 9C-hour intervals growth 
w-ai established on yolk agar, PPLO agar 
(Difeo) with 3 per cent serum fraction, and 
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5 per cent horse blood agar incubated in 
10 per cent COj, 63 per cent methane, and 
27 per cent air. Initially, light growth oc- 
curred in 48 hours as discrete, smooth, 
raised, white, circular colonies 1 to 2 mm. 
in size. After adaptation, the growth was 
not as moist and became confluent. Growth 
was established on Dorset's egg slants with- 
out glycerol and on I^oeffler's serum agar 
slants inoculated with thioglycollate cul- 
tures. Direct inoculation of solid media 
with infected liver did not succeed in es- 
tablishing growth. The presence of viable 
organisms in the liver was determined by 
inoculation of embryos with the same sus- 
pension. The use of a staphylococcus 
streak on blood agar with or without re- 
duced oxygen tension did not enhance 
growth. The bacillus is Gram-positive in 
young cultures, in liver smears from birds 
with necrotic foci in the liver, and in yolk 
smears from dead embryos. Organisms in 
old cultures, particularly those grown in 
artiiicial media, are decolorized more read- 
ily than those from fresh cultures. The ba- 
cillus is S to 4 microns long and occun 
singly as a straight rod or a slightly curved 
rod with rounded ends. Occasionally, or- 
ganisms undergoing binary fission are 
found joined at the ends by a flne strand. 


It was noted that variations in morphology 
Occurred with continued passage in artifi- 
cial media. Coccoid forms, pleomorphic 
forms, and chains were sometimes seen. 
However, the organism still retained its 
rod-shaped morphology even after H se- 
rial passages in embryos. In embryo cul- 
tures, subterminal spores are readily 
formed. The spores occupy the terminal 
third of the cell and have a cylindrical 
form with rounded ends (Fig. 17.13). The 
spores stain readily with Wirtz spore stain. 
Smears of quail livers with necrotic foci 
revealed Gram-positive rods, free spores 
and rods with subterminal spores. Evi- 
dence that the livers with necrotic foci 
Iro/B dticions anh turkeys may contain the 
etiological agent has been demonstrated by 
infecting quail per os with suspensions of 
triturated livers (Peckham, 1960). 

transmission 

Under natural conditions the disease is 
transmitted by ingestion of contaminated 
droppings. Experimentally, the disease can 
readily be transmitted by feeding intestinal 
suspensions to quail. 

Pcckham (1959, 1960) reported that yolk 
cultures were pathogenic when adminis- 



FiG. 17.13 — Blood »m«ar 
from a quail with ulcer- 
otivo enteritis. Note two 
bacteria, one of which 
ho* o subterminal tpore. 
X2700. 
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tered to quail by the oral, intramuscular, 
or intraperitoneal routes. By these meth- 
ods of inoculation, the earliest deaths oc- 
curred^ 18 hours after inoculation. Usu- 
ally, intramuscular and intraperitoneal 
inoculation produced the earliest deaths. 
Following intramuscular inoculation of 
the breast muscle, a large white area of 
degeneration surrounded the site of inocu- 
lation, and there was a small amount of 
clear watery fluid between the muscle lay- 
ers (Fig. 17.14). After intraperitoneal inocu- 
lation a small amount of clear watery fluid 
was noted in the abdominal cavity. If 
death occurred early, the intestinal lesions 
produced by intraperitoneal or intramuscu- 
lar injection were either a markedly red- 
dened intestinal mucosa or newly formed, 
acutely inflamed ulcers, and if death was 
delayed several days, the ulcers became 
necrotic. The livers had a mottled appear- 
ance. Yolk cultures of the bacillus were 
still infectious for quail after storage for 
14 months at 20° C. Cultures in artificial 
media were nonpaihogenic when fed to 
quail. One culture, serially passed through 
five transfers in thioglycollate followed by 
one embryo passage, %vas pathogenic when 
fed to quail. 


Unsuccessful attempts were made to in- 
fect mature pheasants, turkey poults, and 
chicks by feeding yolk cultures which were 
pathogenic for quail. Yolk cultures were 
nonpaihogenic when inoculated intraperi- 
loneally into 3-week-old mice. The organ- 
ism was not pathogenic for guinea pip 
when injected into the thigh muscles using 
the calcium chloride technique described 
by Smith (1954). Shillinger and Morley 
(1934) observed that the degree of resist- 
ance in quail to infection varied and in- 
consistent results were often obtained by 
feeding infectious material to apparently 
susceptible birds. Infection in some birds 
appeared to build up an active immunity 
of considerable duration. They also noted 
that continued passage from one bird to 
another under laboratory conditions tended 
to decrease the virulence of the infection. 

CONTROL 

Control measures that have been tried 
include bacterins, serological tests, and 
prophylactic and therapeutic chemother- 
apy. Bass (1941b) reported that he immu- 
luzed quail by two intramuscular injec- 
tions of a bacterin 5 days apart. The bac- 
terin was prepared from 24-36 hour cul- 
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tures grown in thioglycollate and billed 
with 1:10,000 dilution of merthiolate. 
Birds thus immunized survived the feed- 
ing of several hundred times the infectious 
dose for nonimmune birds. 

Peckham (1962) reported the results of 
four trials in which attempts were made 
to immunize quail by single and multiple 
intramuscular injections of heai-ailenu- 
ated and untreated yolk cultures. Al- 
though some trials gave encouraging re- 
sults, other trials indicated no protection 
was given by the vaccination procedures. 

Morris (1948) described in detail the 
technique of a complement fixation test 
for the detection of ulcerative enteritis in 
quail. He stated that the chronic carrier 
was one of the most important factors in 
perpetuating the disease and by the use of 
the complement fixation test, carrien of 
the disease could be detected. Comparable 
results were obtained in tests conducted on 
birds following artificial and natural infec- 
tion. 

Kirkpatrick ct al (1950, 1952a and b) 
and Kirkpatrick, and Moses (1955) reported 
that streptomycin administered by injec- 
tion, ivater, or feed had a prophylactic and 
therapeutic value against ulcerative enter- 
itis in quail. He also found that Chloromy- 
cetin at a level of 500 grams per ton of 
mash gave complete protection. The ma- 
jority of quail that survived in groups 
treated with streptomycin and Chloromyce- 
tin in the feed remained highly susceptible 
when re-exposed to infectious material. 
Streptomycin at a level of 60 grams per ton 
gave complete protection when medication 
was started prior to infection. He also 
found that the administration of strepto- 
mycin at a level of one gram per gallon of 
drinking water gave complete protection 
when administered prior to or concomitant 
with artificial infection. After re-exposure 
of one-half of the survivors in groups 
treated wiili streptomycin in the water, 
Kirkpatrick concluded that there were no 
marked differences in the development of 
immunity by variations in dosage of anti- 
biotic, the time when treatment was given. 


or the duration of treatment. This is in 
marked contrast to the results obtained in 
re-exposure of the survivors of a natural 
outbreak where it was found that these 
birds were completely refractory to chal- 
lenge. Kirkpatrick and Moses (1953) re- 
ported on the results of using streptomycin 
in the water against a natural outbreak of 
ulcerative enteritis on a game farm. On the 
first clay of treatment the concentration of 
streptomycin in the water was 5 grams per 
gallon and 1 gram per gallon for the next 
19 days. The untreated birds sustained a 
21 per cent mortality and the treated birds 
4 per cent. 

Peckham and Reynolds (1962) reported 
on the efficacy of chemotherapeutic drugs 
in the control of experimental ulcerative 
enteritis in quail. Their results confirmed 
chose of Kirkpatrick et al. (1952b) and it 
was found that prophylactic administration 
of streptomycin at a level of 2 grams per 
gallon of drinking water for 25 days ^ve 
complete protection against experimental 
exposure. Bacitracin fed at a level of 100 
grams per ton of feed also gave complete 
protection. In one drug trial, quail re- 
ceiving streptomycin in the water or baci- 
tracin in the feed were completely refrac- 
tory to challenge after medication was dis- 
continued. However, in another trial two 
groups receiving bacitracin were 100 per 
cent susceptible to challenge after medica- 
tion was discontinued. These observations 
are in agreement with those of Kirkpatrick 
and Moses (1953) who also noted marked 
differences in the susceptibility of quaii 
following medication. 

In controlling outbreaks of ulcerative 
enteritis strict isolation should be main- 
tained between groups of infected and 
healthy quail. As survivors of an outbreak 
may be carriers of the disease, they should 
not be mixed with unexposed birds. The 
causative organism is extremely resistant 
and tbb necessitates thorough cleaning and 
disinfecting of contaminated pens and 
equipment. Contaminated yards may re- 
main infectious for long periods. 

Outbreaks of coccidiosis in djickens and 
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turkeys that do not respond to the usual 
treatment should be carefully examined 
for ulcerative enteritis. If ulcerative en- 
teritis is present, sulfonamide medication 


should be discontinued and badtradn or 
streptomycin should be given in conjunc- 
tion with the observance of good managfr 
ment practices. 
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Diseases Caused by Fungi 


Advances in the past decade in the con- 
trol of bacterial and viral diseases of birds 
have been outstanding. Although much 
experimental work has been done on the 
growth of fungi in the chicken em- 
bryo, very little to no progress has been 
made in the control of fungous diseases of 
birds. Fungous diseases are not the most 
common diseases of birds, yet they are 


prevalent enough to warrant economic at- 
tention. 

A bibliography of avian mycosis by 
Chute, O’Meara, and Barden (1962) list* 
709 references to fungi in birds. This bibli- 
ography brings out rare cases of reported 
fungous infections as well as experimental 
studies relating to birds and chicken egS 
embryos. 


Asper 

Aspergillosis has been observed in many 
birds and mammals. Frequent reference 
is made to the relationship of the dbease 
in man to occupation, particularly in the 
so-called gaveurs des pigeons (pigeon 
feeders). 

Occurrence. Aspergillosis is encountered 
in poultry in nvo main forms. Acute out- 
breaks in whidi there is a high morbidity 
and a high mortality may occur particu- 
larly in young birds. In adults especially, 
an occasional bird in a flock or aviary may 
become affected while the other bit^ re- 


lillosis 

main healthy. The numerous reports m 
the literature suggest that nearly a'* 
species of birds may be affected. The iu' 
adence of the disease is not great, how- 
ever, as esidenced by reports from dia?" 
nostic laboratories. 

Etiology. It is generally agreed that 
Aspergillus fumigatus Fresenius is the 
most pathogenic and the most frequently 
encountered in disease processes due w 
aspergiHi. The spores are widely dis- 
tributed in nature, and birds frequently 
come in contact with them through con- 
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FIG. 18.1 — Aspergillus fumlgotus. X2S0. (From 
Novroki Documenlo FAltTofelologito, courtevy 
Gustav Fischer.} 

laminated feed or Utter. The fungus 
grows quite readily on the ordinary lab- 
oratory culture media at room tempera- 
ture, at 37« C., and higher. Ctapek’s solu- 
tion agar or Sabouraud's agar may be 
used. The coionies are green to bluish- 
green at first and darken with age so as 
to appear almost black. The colonies vary 
from velvety to floccose. The conidio- 
phores are short, up to 300^ long by 2 to 
8/4 in diameter, the vesicles are apical 
flask-shaped up to 20 to 30/i in diameter, 
the sterigmata are 6 to S/* by 2 to 3(^ and 
the conidia arc globose 2.5 to 3/i in di- 
ameter, in chains fonning solid columns 
up to 400/1 by 50/4 (Fig. 18.1) (Tlioro and 
Church, 1926). 

Leber, according to van Heelsbergen 
^1929) and Lucet (1897), succeeded in 
isolating to:xjns from cultures of Asper- 
gillus [umtgalus. Ceni and Besta (1902) 
were able to extract toxic materials from 
spores. A toxin reported by Bodin and 
Gautier (1906) was similar to bacterial 
toxins and produced clonicotonic convul- 
sions, paralytic sytiiptorns, and finally 
death. A toxin obtained by Henrici (1939) 
was toxic for rabbits, guinea pigs, mice, 
and clrickens. This toxin was hemotoxic, 
neurotoxic; and histotoxic. Rabbits and 
dogs are rery susceptible to Aspergillus 
toxin. Pigeons, howe'er, which arc sery 
susceptible to spontaneous infection are 
sery resistant to injected toxin 


Foigacs and Carll (1955) selected 
strains of Aspergillus, Penicillium, and 
Altexnaria, isolated from samples of feed 
associated with outbreaks of a hemor- 
rhagic disease in poultry, and grew the 
cultures on grain which was fed to day- 
old chicks. Subsequently the chicks de- 
veloped hemorrhages of the muscles, 
lungs, heart, gastrointestinal tract, and 
liver. Twenty chicks, 6 weeks of age, were 
given feed on which the species of Alter- 
naria fiad been cultured alone; they died 
and the necropsy revealed hemorrhages 
throughout the carcass. 

The fungous flora of young broiler 
chicks up to 13 weeks of age has been ex- 
tensively studied by Chute et al. (1956). 
These workers observed that A. fumigatus 
may be found frequently and is not al- 
ways pathogenic. The following genera 
were found in the lungs and air sacs; 
Aspergillus, Penicillium, Paecilomyces, 
Cephalosporium, Trichoderma, Scopu- 
lariopsis, and Mucor. 

Chute and 0’^feara (1956) found the 
air sac inoculation route with spores to 
be a rapid and efficient method of screen- 
ing fungi for pathogenicity in chickens. 
The following cultures isolated from 
chickens were used in experimental air 
sac infections and revealed both spores 
and mycelia in the tissue: Paecilomyces 
varioti, Penicillium roquefoTti. Penicil- 
lium brevi-compaclum, Aspergillus glau- 
ciis groups, Tricftoderma spp., TncAo- 
derma koningi, Penicillium oxalicum. As- 
pergilltts fumigalus, Alternaria spp., Peni- 
cilfium islandicum, Slempfiylium spp., 
and Penicillium cyclapium. 

Vigorous, healthy birds apparently can 
witfrstand considerable exposure to As- 
pergillus spores occurring under natural 
conditions. Inhalation of a considerable 
number of spores, as may occur when the 
litter or feed are heavily contaminated, 
may result in infection. The occasional 
bird which becomes infected in a flock 
which is olhenvise healthy may do so be- 
cause of lowered resistance or severe in- 
dividual exposure. Aspergillosis can 
readily be produced experimentally by 
intraihoracic injection in cfiickens and 
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pigcoiu. -Sclmt/ (I8S1), Bollinger, cited 
by van Ilcehbcrgcn (1929), and others 
obicncd [hat infection of the lungs was 
established fol'ouing inhalation of spores. 
Walker (1915) reported that 5- to 7-day- 
old ostriches succumbed in 2 to S days to 
aspergillosis in the lungs and air sacs if 
spores \sere Idown into the trachea, In- 
Ujvcnous inoculation resulted in pulmo- 
naty and hepatic aspergillosis Young 
ostriclics also descloptd die disease when 
kept or; straw which had been anificially 
contaminatcil. Diir.nu and Tucker (1935) 
produced the disease in a poult by feed- 
ing mash from winch A. (nmigatus svas 
isolated. ® 

In recent years sctcral reports base 


been made relative to aspergillus eye in- 
fections. Reis (1940) described a keratitis 
in chicks caused by A. fumigatus. He d^ 
scribed the pathology and stated usually 
only one eye svas involved, ^^oore (1950) 
desaibed ophthalmic aspergillosis svhich 
occurred in five widely separated flocb 
of young poults and in three breeding 
flocks (Fig. 18.2). 

Systemic aspergillosis in poults has been 
lepoitcd by Witter and Chute (1952). 
Chute ct al. (1955) also reported a sys- 
temic aspergillosis infection in 5 -week-old 
cockerels wliiclt had been caponired. The 
authors considered that this resulted from 
a caponizing infection. 

Atpergillus glaucus and A. niger nuy 
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2 be encounteretl in some cases, particularly 
:iin cutaneous lesions. Laliaye (1928) dis- 
icusses cutaneous aspergillosis in pigeons. 
lAinsworlh and Rewell (1949) reported 
ithe isolation of 45 pure cultures of A 
jfumigaius, 3 of A. flavus, and I of A. 
tnidulans from 78 cases of aspergillosis in 
1 captive wild birds, jungherr and Gifford 
(1944) found fungal hyphae in the ccrc- 
. bellum of a poult svhich hatl exlublied 
I nervous symptoms. In another outbreak 
r in poults showing pneumomycosis and 
, nervous manifestations, these workers rc- 
I covered A. /umigaius, A. niger, and Pae- 
i cilomyces varloli from lire internal organs. 
The latter was isolated also from the brain 
of one poult, but since fungal hyphae 
could not be demonstrated and the cul- 
ture proved nonpalhogenic. it was con- 
cluded that the symptoms and brain 
lesions had a toxigenic base. Bullis (1950) 
recovered A. iumigalus from the cere- 
brums of poults whicli showed incooidi- 
nation and later (unpublished) Diplo- 
coecium %p. from tlie cerebrums of similar 
poults. Mucor sp. and PenidlUum sp. and 


other fungi may be encountered in pul- 
monary mycosis, particularly in mixed in- 
fections (Baker et at., 1934; Thompson 
and Fabian, 1932). 

A case of egg-borne aspergillosis was 
reported by Eggert and Barnhart (1953). 
They suggested the fungus had pene- 
trated through the eggshell during incu- 
bation and the recently hatched chicks 
were infected. Another case which was 
shown to be hatchery-borne was reported 
by Clark el al. (1954). From 21 ranches 
where 210,000 chicks were involved, there 
was mortality from 1 to 10 per cent. The 
infection could not be traced to the hatch- 
ing eggs but was readily found in the in- 
cubators, Itatchers, incubator rooms, and 
intake ducts. Symptoms and lesions were 
noted in some day-old chicks but gener- 
ally classical lesions were observed in 
chicks 5 days of age. 

O’Afeara and Chute (1959) produced 
aspergillosis experimentally in hatching 
chicks. Chicks in the process of hatching 
and up to two days of age were easily in- 
fected with A. fimigatus spores by con- 



F!G. 1 8.3 — Aspergillosis iavoWing syrinx. (Bullis, Universiiy of Mossachuseffs) 
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laminating the forced draft incubator with 
\iheat \»hich had been seeded with A. 
fumigctus Chicks older tlian three da>s 
of age were resistant to infection. 

Chute and O'Meara (1961) reported 
some unusual cases of avian mycosis. Two 
cases of fungous tracheitis svere observed 
and in each case the mycelial growth ex- 
tended through the cartilage. 

Lesions. The lesions depend consider- 
ably on the site of infection. Either locali- 
zation or generaliration may be observed. 
Indisidual lesions may be observed, for 
example, in the syrinx (Fig. 18.3) or in 
a single air sac. The lungs are most fre- 
quentU invohed. Pulmonary lesions vary 
from miliarv nodules up to larger nodules 
(Fig. 18.4). In some cases there may be 
loalired hepatization, and in others 
grossly Msiblc mycelial masses may be 
present in the air passages and bronchi 
There may be generalized insolvemcnt of 
the air sacs. Occasionally, a circular disc- 
shaped necrotic mass with a concave sur- 
face, loosely attached to which there is a 
circular more or less flat or convex plaque, 
may be observed. Various manifestations 
of the disease have been described. Lange 
(1914) recorded nodules m the lungs, the 
thoracic, and the abdominal cavities of 
cluclcns, ducks, geese, and pigeons. These 
nodules varied from pinhead or millet 
sectl size up to die size of a pea. They 
vvere yellow in color, of an elastically soft 
or cartilaginous consistency, and homo- 
geneously caseous Individual nodules 


were noted on the intestinal serosa and in 
the parenchyma of tlie liver in a goose. 

The nodules in the lungs of a turkey 
observed by Schlegel (1915) were pinhead 
to lentil size and were surrounded by an 
inhltrated or hemorrhagic corona with 
considerable hepatization. There were also 
grayish-yellow, fibrinopurulent disc- or 
plate-shaped masses of exudate 2 to 5 mm. 
thick on the pleura. Inflammation and 
detrital masses were present in the 
bronchi. The anterior thoracic, tlie 
lary, and tlie cervical air sacs contained 
yellow dseous flat discs and masses con- 
sisting of inflammatory exudate and 
mycelia. The left lower, upper posterior 
thoracic, and left abdominal air sacs were 
greatly distended. The walls of these air 
sacs were thickened and covered with a 
furlike growth of mold. Adjacent to the 
air sacs there were lentil-sized, knoh 
shaped, and concentrically layered, turbid 
yellow, solid nodules composed of fibnn 
and mycelia. There were about 200 cc. of 
a reddish, turbid fluid in the abdominal 
cavity. 

There were no circumscribed yellowish 
foci In the outbreak in chicks reported by 
Savage and Isa (1933). There was a dif- 
fuse grayish-yellow infiltration in thf 
lungs with about one-third of each lung 
involved. The mortality was 90 per cent 
in this outbreak. 

In pneumomycosis in a flamingo de- 
scribed by Mohler and Buckley (1901). 
the lungs were filled with nodules, and 


fIC. 18.4 — Aipergillotlt nodults in 

lungs and plaquelika formations on 
ih* serous membrones. (Bullis, Uni- 
versity of Masiochuseils) 




chapter 

01 = mucosa at the 

with membranous masses tliat consisted 
irimarilv ot the fungous m)cehum. 

Archibald (1913) bund gray, round 
colonies of the iungus in the ^ronchmte 
in an ostrich, whereas m a 
by Jowelt (1913) the lungs tvere covered 

with miliary foci. j 

Lahase (1928) states that AspergtUiU 
ekucus may be the cause oi a disease ol 
the skin in pigeons, particularly in ^u g 
birds. Any part oi the '“■‘‘V ™ toth^ 
lected with yellow scaly spots. The 
in the allecled areas are dry and easily 

''"Dumnl and Tucker (1935) obser^ 
yellowish-white nodules up to 8 X 
n the lungs of wild turkey 9”“ 
reared in «ptivity. The hyphae of *e 
fungus also penetrated the tissue of the 
lun? a^d there was involvement ol the 
adjacent air sacs. 
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irc:;iie.‘ob;ervedbyde]ong(J^^ 

there were small whilish-yel low. OTs Y 
coatings on the tongue, palate, adttm 
larynls, and In the trachea and 
Caseous foci m the lungs .. 
coatings on the pleura and peritoneum 
were also observed. .i««Tibed 

The histological picture as 
by Nieberle (1923) consists ol P , 
monia, multiple necrosis, and nodular 
formations which resetrtble 
diffuse pneumonic foci are rn i 
fibrinous or catarrhal Pdcumoni 
alveoli, bronchioles, and bron 
with mucus, srained iibr.n, 
ments. detritus, leucocytic an jxne- 

toty cells, and mycelia. The diyc 
ttate the walls, and the 
■nonary parenchyma shows an 
cellular inflammation or ' (er 

tuberdelike nodules show in by 

a radiating turf of hyphae 
a reactive inflammatory wal 
sembles granulation tissue. ^ 

giant cells are frequently o^seryed^M 
fruiting organs (conidiophores, 
conidia) occur more frequently 

Symptoms. Dyspnea, gasping, and ac- 


itis. Urey ar '„oises, whereas in 

there usually is no souird. 
„porS Itors the ^^ninolence, in- 

Cuberlel inn-eased thirst, and 

appetence, eraaciatjo . 

pyrexU to j J .3 jaiy and showed 

observation emac P > Dysphagia 

d ases in wMdr rhe'esopha- 

was noted m j Mortality was 

geal rnucisa was invol^ 

as high as 50 P running out 

on some and escaped 

of doors were nther farms. Accord- 

infection enure y ° (1929) some in- 

ing to nfied serous exactions 

vestigators have p ^ mucosa. Ex- 

desaibed by Sed i P=ak 

„ortalip b'S*" “ /JS three weeks 
^fme "a ud poult, died in con- 
„I age- So”' In two lots of 

vukions within " n Gauger 

poults 200 surwrved out^olJ0,_^ 

(1941) ".P°'''n,,.c ,bout 10 per cent ol 

chickens m '**'ich symptoms not 

.he flock was "‘^faBecred with 

unlike Ihose t>''rwii y ^nere was 

laryugottacheitu d 

no abnormal mortality, . ^ Hers 

duction was and Hudson 

(1940). cited by ol the 

(1947) have repotted 
eyes in chicks two ;„jnqted in saw- 

luteaion in Ren's case^m|^.^ i„ 

dust Utter arrf m » 
bagasse litter. The , ,eIIow 

terized by the nictitating mem- 

cheesy pellet ' *'id” to bulge (Erg 

brane which caused the a uicerauon 

185). There was some ^ 
of the cornea m the ol demon- 

Diagnosis. The if it cannot 

strated by fresh microscopic 

be demonstrated a 
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preparations. Occasionally, masses of the 
fungus are visible to the naked eye in the 
air passages of the lungs (Fig. 18.5), in the 
air sacs (Fig. 18.6), or in the abdominal 
cavity. The typical fruiting heads may be 
readily demonstrated in such lesions. 
Demonstration of the fungus by direct ex- 
amination may be impossible in the small 
caseous nodules seen particularly in the 
lungs. 

Prophylaxis and treatment. The avoid- 
ance of moldy litter or feed serves to pre- 
vent outbreaks of aspergillosis. An exami- 
nation of the premises or materials used 


for feed or litter -will usually reveal the 
source of the infection. 

Treatment of affected individuals is 
usually considered useless. They should be 
sacrificed and the offending infective 
material removed. Lahaye (1928) re- 
ported favorable results in the treatment 
of aspergillosis of the skin in pigeons by 
the use of HgClj solution 1;500. The sur- 
face of the body was moistened or the 
birds dipped into the solution, following 
which they were rinsed in lukewarm water 
and dried. 
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Favus 


Favuj is a chronic dermatomycosis at- 
feeling chickens, occasionally lurkeys and 
some other birds, animals, and man. In 
the fowl, the comb is almost always at- 
tacked, but other portions of the head may 
be affected, and in severe cases the disease 
spreads to the feathered portions of the 
body. 

Occurrence, Favus occurs only infre- 
quently in the United States. Possibly this 
is due to the lesser number of the heavier 
Asiatic breeds which are reported to be 
more susceptible The disease is reported 
to be quite common in France. 

Etiology, The causative fungus in the 
fowl is Trichophyton megnini {Achorion 
gallinae). Cultivation on Sabouraud’s 
glucose agar is satisfactory. It is sometimes 
of assistance to cover the inoculum with 
absolute alcohol and evaporate the alcohol 
to destroy the contaminating bacteria. 
Cultures grow slowly. Colonies develop as 
small round discs which are white and 
velvety and have small central cups and 
radial grooves. A reddish pigment varyiiw 
from rose or strawberry red to a deep 
raspberry diffuses through the 
Microscopically, the branched mycelium 
is twisted, the septa are irregularly spaced, 
the spores are in clusters, and there are 
nodular organs and fuseaux. Typical 
lesions may be produced by inoculation 
of the scarified comb. Mice, rabbits, or 


guinea pigs may also be inoculated, al- 
though the lesions are not so typical in 
the guinea pigs (Dodge, 1935; Jacobson, 
1932). Torres and Georg (1956) reported 
a case of Trichophyton gallinae in tke 
scalp of a “l-year-old Puerto Rican 
Experimental infections were produced 
in several chickens and guinea pigs- 
Symptoms and lesions. Lesions usually 
develop first on the comb. As the fungus 
spreads, white spots develop, the surface 
of which scales off, and the comb way 
appear as though sprinkled with fiour 
(Fig. 18.7). Young birds with welid^ 
veloped combs are most likely to be af- 
fected. The wattles and unfeathered pot- 



FIG. 18.7 — Favus of comb and wattle*- 
(fiullis. University of Massachuselt*) 
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lions of the head may be aHected. As the 
disease progresses, the scaly deposits be- 
come thicker and form a wrinkled crust. 
Spontaneous recovery is reported in some 
cases. In other cases the fun^s spreads 
to feathered portions of the body. The 
feathers (all out in patches. The skin be- 
comes thickened in the aHecied areas and 
covered with scales and crusts, especially 
around the feather follicles. A moldy odor 
may be detected. Matruchot and Dasson- 
villc (1899) reported the appearance of 
fas us simultaneously on the feathered and 
nonfeathered portions of ilie body. Symp- 
toms were not extensive in the cases ob- 
served by Sabouraud et ai (1909). Schle- 
gel (1903) reported depression, weakness, 
emaciation, anemia, cachexia, and icterus 
in alTecied chickens. In some birds, in 
addition to the external lesions, there 
were neaoiic foci, nodules, and yellowish 
caseous deposits on Uie mucosa of Ute 
upper respiratory and digestive tracts. Oc- 
casionally, the bronchi and lungs were 
alfected and necrotic caseous inflammation 
was observed in the cro]) and small in- 
testine. The favus fungus could be dem- 
onstrated microscopically in these lesions. 
The fungus spreads slosvly from bird to 
bird by direct contact and by die scales 
tihich become dctachcil from affected in- 
dividuals and contaminate the premises. 

Diagnosis. The cliaracteristics of die 
gross lesions may be sufficicnl for diagnosis. 
If this is inconclusive, the fungus can be 
clicckcd microscopically and culturally. 
Transmission of tlie disease to laboratory 
birds or animals or a study of the con- 


tagious nature of the disease in the flock 
may be helpful. 

Prophylaxis and treatment. Care should 
be exercised in the addition of new birds 
to the flock. Infected houses should be 
cleaned and disinfected. Badly affected 
birds should be sacrificed. Mildly affected 
birds should be segregated, and treatment 
can be uied if desired. The majority of 
mildly affected birds will recover without 
treatment. Several individuals have been 
observed in which various trcalmcnis were 
used on one side of the head and the op- 
posite side was left untreated, and re- 
covery was similar on each side. Van Heels- 
bergen (1999) suggests the following 
remedies: iodine and glycerine (tinct. io- 
dine 1.0, glycerine C.O), green soap, and 
5 per cent phenol solution, or bichloride 
of mercury (1.-50D), the latter to be used 
pariicuiariy on the body. Beach and H.il- 
pin (1918) found an ointment of fomiat- 
dehyde and vaseline to bo effective. This 
is prepared by melting vaseline in a jar 
in a vv-atcr bach. Five per cent by weight 
of commercial formalin is added, the 
cover tightened, and the mixture shaken 
until the vaseline has solidified. One or 
two applications well rubbed into the 
lesions usually suffice. Ricdci (1050) ob- 
scrvcvl recovery in a group of artilidally 
infected chickens Vvithin 20 days follow- 
ing a single application of a 9 {xr cent 
mixture of quaternary ammonium com- 
pounds consisting of equal parts of alkyl- 
dimciliyl-bcuzyl-ammonium chloride and 
alky l-dimcUiyl-dichlor-ben/ul-amnionium 
cliloride. 
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Thrush (Mycosis of the Digestive Tract) 


Stomatitis oidica, muguet, soor, monili- 
asis, oidiom)cosis, and sour crop are other 
terms applied to mycotic arfoctions of the 
digestive tract. 

Occurrence. Mycosis of the digestive 
tract probably occurs rather frequently, 
but in many cases it does not appear to be 
of sufficient significance to be considered 
seriously. Numerous general discussions 
of poultry diseases fail to mention tliis 
disorder, and the paucity of diagnoses in 
reports from diagnostic laboratories sug- 
gests that it may not be of great conse- 
quence. However, serious outbreaks have 
been reported in many species of birds 
Animals and man are also affected Thrush 
has been observed in chickens, pigeons, 
geese, turkeys, pheasants, ruffed grouse, 
and quail. 


Etiology. The etiological significance of 
yeastlike fungi in affections of the diges- 
tive tract of man was recognized by Lang- 
enbeck in 1839. Questions relating to the 
validity of species desaibed and their 
generic nomenclature have retarded a 
proper understanding of this type of dis- 
ease. Jungherr (1933b, 1934) found 
Momha albicans, Monilia knuei, and 
Otdium pullorum ns. to be associated 
with cases of thrush, but considered that 
M. Anise, was not of etiological signifi- 
cance. Mucor sp and aspergilli were also 
found m association with some cases. Hin- 
shaw (1933) reported that M. albicans 
was found in most cases of thrush in tur- 
keys and chickens which came to his at 
tendon. Both investigators considered that 
the mycotic infections were apt to be as- 
sociated with unhygienic surroundings 
and perh.ips secondary to other debiliiat- 
mg conditions Eberth (1858) and Schle- 
gel (1912) identified organisms observed 
by them as Oidnim albicans. 


The studies of Worley and Stovall 
(1937), Benham (1931), Martin and as- 
sociates (1937), and others indicate the 
complexity of the problem. Stovall (19391 
pointed out a means of improving the 
present uncertain status. He suggest»i a 


specific set of environmental conditions 
under which tlie biological characteristia 
of the organism were constant and could 
be demonstrated. Jungherr’s (1934) charac- 
terization is as follows: “Monilia albicans: 
It is of widespread occurrence in gallina- 
ceous birds, pathogenic to birds and also to 
rabbits on intravenous injection, and is in- 
distinguishable from strains isolated from 
human sources. On Sabouraud's agar it 
produces a whitish, creamy, high-convex 
colony after incubation for 24 to 48 hours 
at 37® C. Young cultures consist of oval 
budding yeast cells, about 5)4 by 3)4;: in 
dimension. Older cultures show septate 
hyphae and occasionally spherical, swollen 
cells with thickened membrane, the so- 
called chlamydosporcs. In Dunham's pep- 
tone water containing I per cent ferment- 
able substance and 1 per cent Andrade’s in- 
dicaior, the organism produces acid and 
gas in dextrose, levulose, maltose, and man- 
nose; slight add in galactose and suaose; 
and does not attack dextrin (variable ac- 
cording to brand), inulin, lactose, and 
raffinose. Gelatin stab cultures show short, 
villous to arborescent outgrowths without 
liquefaction of the medium.” 

The term "medical monilias” is 
quently used in connection with the 
generic term Monilia since the term 
Monilia is also used for a separate gronp 
of fungi. Most workers have accepted the 
decision of an informal group meeting at 
the Third International Microbiological 
Congress in 1939 and use Candida as a 
generic name to replace the familiar but 
invalid Monilia (Skinner. 1947). Candida 
albicans is the most frequently isolated eU- 
ologica! agent associated with the disturb- 
ance commonly referred to as moniliasis 

Symptoms and lesions. The symptonu 
are not particularly characteristic. Affected 
chicks show unsatisfactory growth, a 
stunted appearance, listlessness, and 
roughness of the feathers. Lesions occur 
most frequently in the crop (Fig. 18.8) 
and consist of a thickening of the mucosa 
with whitish, circular, raised ulcer for* 
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mations, the surfaces o£ which tend to 
scale off. Pseudomembranous patches and 
easily removed necrotic material over the 
mucosa are not uncommon. The mouth 
and esophagus may shosv ulcerlike patches. 
When the proventriculus is involved, it is 
swollen, the serosa has a glossy appearance, 
and the mucosa is hemorrhagic and may 
be covered with a catarrhal or necrotic 
exudate. Histologically, Jungherr (19S3a) 
reports the crops "showed extensive de- 
struction of the stratified epithelium deep 
in the Malpighian layer and quite often 
walled-off ulcers or extensive diptheroid to 
diphtheritic membranes. The lesions were 
characterized by the absence of inflamma- 
tory reaction." Periportal focal necrosis in 
the liver in some cases suggested a toxic 
action upon the system. 

The frequent association of mycosis of 
the digestive tract with other debilitating 
conditions such as gizzard erosions and in- 


testinal coccidiosis must be considered. 
Gizzard erosions as such probably are not 
directly related to thrusii. Likewise, the 
thickened intestine with watery contents 
frequently noted in cases of thrush is 
probably due to coccidiosis or other pro- 
tozoan infections. 

In the case of thrush reported by Eberth 
(1858), the esophagus, crop (Figs. 18.8 and 
18.9), and proventriculus showed an ul- 
cerated and scaly condition. The spores 
and hyphae of what he termed Oidtum 
atbtcans could be readily demonstrated in 
the lesions. The proventriculus was the 
principal organ involved in the cases ob- 
served by Schlegel (1912). The mouth, 
pharynx, and crop were, however, involved 
in some cases. Schlegel {1921) also observed 
the disease in geese. Diphtheroid lesions 
svere noted in the proventriculus and small 
inicsline. Abscess formations were present 
under pulpy, soft, grayish-white to brown- 
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if »*i’atift«d squamou* epi- 
thelium of crop. Oridley siom. (Chute, Uoiv. of 
Maine) 


ish-red necrotic masses. Hmshasv (1933) re- 
ported thrush in twehe flocks of turkeys, 
and the lesions were similar to those noted 
in chickens. Blaxland and Fincham (1950) 
studied five serious outbreaks in young 
turkeys. Their observations supported 
previous conclusions that moniliasis is 
likely to be associated with unhygienic 
surroundings and other debilitating con- 
ditions, but spread of infection appeared 
definite in many instances. Zdm (1882) 
and Kite (1899) described the disease in 
pigeons. Lahaye (1928) pointed out the 
similarity between thrush and pox in the 
pigeon. He demonstrated pox virus in 
many cases suspected of being thrush. 

Diagnosis. Observation of the charac- 
teristic proliferative, relatively noninflam- 
matory lesions, together with resultant 
heavy growth on primary cultures, serves 
to diagnose thrush. Because of the pos- 
sibility of cultivation of C. albicans from 
apparently normal tissues, an original 
heavy growth is considered essential for 
diagnosis. The recognition of spores and 
more especially hyphae in fresh 
preparations is attended with some diffi- 
culty. Miliary abscesses are produced in 
the kidneys of rabbits injected ituxave- 
nously (Benham, 1931). 


Underwood (1955) described an instiu- 
mciit known as a McCarthy’s foroblique 
pancndoscope which was used to diagnose 
experimental crop moniliasis. This insmi- 
ment was equipped with a viewing lens 
and an independent light source. Birds 
were starved for 12 hours in order lo 
empty the crop to allow a clear view of 
the mucosa. A normal crop appeared to 
be light pink with a glistening smooth 
surface having numerous shallow con- 
volutions, whereas a fungus-infected aop 
showed severe corrugations to mild whitish 
streaks, erosions, or diphtheritic forma- 
tions and a deep red surrounding mucosa. 

Course. Young birds are more susceptible 
to mycosis of the digestive tract than are 
older birds. Thus as an infected group of 
birds grow older they tend to overcome 
the infection. Jungherr (19S3a) obsen’^ 
an outbreak in which the losses amounted 
to 10,000 chicks out of 50,000 that were 
less than CO days of age. He also reported 
(1934) that turkeys under four weeks of 
age succumbed rapidly to infection, but 
that outbreaks in birds three months of 
age resulted in a high percentage of re 
coveries. 

rrophylaxis and treatment. Since myco- 
sis of the digestive tract is apt to be re 
lated to unhygienic, unsanitary, over- 
crowded conditions, these factors should 
not be allowed to exist, or should be cor- 
rected. Jungherr (1933b) found tliat de 
natured alcohol and coal-tar derivatives 
were inefiective as disinfectants and sug- 
gested that iodine preparations be used 
As a treatment he recommends that fo*' 
lowit^ an Epsom salt flush, one level tea- 
spoonful of powdered blue stone (coppct 
sulfate) be added to each 2 gallons of 
drinking water in nonmetal containers 
every other day during one week. Hin- 
Shaw recommends that a 1:2,000 solution 
of copper sulfate for turkeys be used as 
the sole source of drinking water durmS 
the course of the outbreak. Affected birds 
should be segregated. Lesions in 
mouth can be treated by local appHca^®” 
of a suitable antiseptic. The appearance 
of the disease in very young chicks sug- 
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gesis the surface of the egg as a source of 
infection. Such a possibility could be re- 
moved by dipping the e^s in an iodine 
preparation prior to incubation. 

Underwood et al. (1936), in expeti- 
mentaj moniliasis produced in chicks and 
poults, found copper sulfate was ineffec- 
tive for treating or preventing the disease. 

Nystatin has been studied by Gentry 
el al. {I960) and by Kahn and Weisblait 
(1963). One group reported that 220 mg. 


Nystatin per kg. of diet fed was effective 
in eliminating moniliasis in a ilock of 
turkeys. The otlier group found in ex- 
perimental infections with C. albicans in 
both chickens and turkeys that crop score 
values appeared to be significantly retluccd 
in the group fed the lowest level of 
Nystatin (11 mg/kg). The highest level of 
Nystatin (110 mg/kg) fed showed a very 
significant protection against mycotic in- 
fection. 
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Sarcosporidiosis 


Sarcos|>orulio$is appears lo be neither 
vvidespreaU nor rcononiically important 
in bm!s, at least in the United States. The 
striatcil muscles of mammals are involved 
ptiiicipally, although reptile* and bird* 
ate vutnctimr* ailecicd. Among mammal*. 
uittAjioridicMis is joost likely to be found 
in sheep, swine, catilc. and horses. A few 
cases ill man have been rcporicd- 
OccurrcrKc. Erickson (1910) listed S 


oiviers. 13 families, 19 genera, and 20 
jpede* of birds as being alTcctcd. Some of 
({yc belter known hosts are the drickeii, 
domestic mallani, wild mallard, black 
duck, gadwalt, American pintail, blue 
winged leal, shoveller, lutkcy vuliure. and 
Eiiglidi sfiarrow. Pucks are especially 
likely to l>e affccictl. and Eritkioi) suic* 
Uiat ati recorded case* ate in puddle or 
dabbling vaciciie*. llali (1925), in listing 
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a case in a domesticated duck Irom a mar- 
ket in Washington. D.C., suggested that 
the inlection miglu be ol economic im- 
portance because tlie flesh >k'oulcl hate 
been judged unTu for consumption, but 
there seem to be no other similar reports. 
Beaudette (1941) suggests that sarcosporid- 
iosis is probably v-idcsprcad but escapes 
notice because of the absence of symptoms 
in affected birds, and infection is not dis- 
cosered unless the muscles are exposed. 
Reports of infection in cbickcns are un- 
common and include Germany, Kubn 
(1865): the United States. Stiles (1894) 
and Hawkins (1913); Hungary, von Rati 
(1908); Bulgaria, Krause amt Guranoll 
(1933); and Brazil, Reis and Nobrega 
(193G). 

Symptoms, lesions, diagnosis. The le- 
sions may be so small as to c$ci|)e dctcc- 



FIG. 18.10 — Severe sarcosporidiosir in a duck. 
(Becker, Iowa State University.) 


tioii except by microscopic examination. 
When larger and present in considerable 
numbers, the musculature has a findy 
sticakcd or "wormy'’ appearance (Fig. 
13.10). The individual sarcoqsts, fr^ 
qucntly called Micschcr's tubes or sacs, are 
usually elongated masses, the long axes of 
which are parallel to the muscle fiber. 
Large cysts arc sometimes referred to as 
llalbiania. Tlic larcocysis in the case ro 
ported by Stiles (1893) were 1.0 to 6.0 mm. 
in length by 0.18 mm. in breadth: in the 
case rc|)ortcd by ^^athcw$ (1930), they wae 
1 X 3 mm. These are larger than most 
cases reported in birds, but some reporu 
In mammals range up to 5 an. in Icngm 
An individual cyst when removed has a 
whitish or creamy appearance and » 
cylindrical wiili somewhat pointed enm 
and appears slightly lobulated on me 
surface. The cyst is divided by septa into 
compartments. The compartments tn a 
mature cyst arc filled witJi spores 
corpuscles) wliiclt arc variously desenbed 
as banana, crescent, sickle, or comma 
shaped. The spores are 5 to 15/i in length 

and 1 to 4^ in width. The comparimenu 
in the center of an old cyst tend to undergo 
degeneration. Mathews (1930) tailed 
tciiiion to a variation in connective 
and inflammatory response which 
proponionaicly greater around cysts with 
more degeneration (Fig. 18.11). The sarco 
cysts start development within muscle 
fibers, but as tlicy enlarge the fiben are 
destroyed and the larger cysts are inter- 
musailar. Apparently the sarcocysts do not 
seriously injure their hosts, hfost reports 
arc on birds which were considered nor- 
mal when killed. Very heavy infestations 
may possibly cause symptoms. M'ec 
be killed by heavy doses, and this sug 
gests that the same may be true in larger 
animals and birds. . 

Etiology. Following the discovery y 
Micschcr (1843) of Sarcosporidia in me 
muscle tissue of a mouse, they were 
named Sync/iylrium miesc/ierinnnm i 
Kiihn (1865). This genus was, however, 
already in use to describe a group o 
funguslike organisms, and the g^nu 



Chapter 18= DISEASES CAUSED BY FUNGI 


509 



Sarcocystis was established ^"p^ies 

in 1882. There are names 

in the literature bu< 

with respect to the host- 

the organisms have not aU y ^^^5 

specific, and the ?norphologi«l 

are not substantial «^P * ngiS) con- 

sire o! the cysts, ^„„„<1 

eluded that there was no rehab 

for distinguishini; the >“PP° P,„ p„e 

Sarcocystis and that all ^ 

species, S. miescheTtapa. g , j,y 
sSseests that S'. ™‘“‘'’'™“fo„Te ^^ciei 
ii all are considered as a sing ^ 
otherwise this tenn won jilryi, 

infection in the pig. “"» 2 m appSd 
Stiles (1893). has been he for^_^J^P 
to the presumed mjectiv i -j. 
duchs siLe Rile, told ^^“p'S'Riley 
the lesions noted by similar 

(1869) and believed by them t b 
to Cyslicercus cellulosae 

identical with Stiles’s Sarcocystis ^ 

(1915) ‘“c“Pf^„„„Uc mal- 

chicken, the mallard, t stated that 

lard, and the black duck and 
all were apparently the same p 


Xh, lite history of Sarcosporidia is in- 

cp^pletely known and 

transmission, sarcoevsts. 

feeding flesh containing mature s^rweys . 

hSn nrevented. Spindler el el. (1916) “. 

lecK ana/ muscles containing 

‘?v° ‘’■fhe Ices »d/or' urine from 

taals and birds were n»t /"''f ™ 
[orl 5 days consumption of 

f«:ted flesh but contained a stage of 

^i-'flmrealter wbfob wits Wee-J;;; 
swine. These finding ^gjg 

with those of 2940 ). Scott’s 

(cited by Spindler ef “ - ex- 

;i930. 1913) reports 

SSierr7l932] ^“ttaJeS^of 'i». 

“’"SosSTtoeisal.tentperiodol.t 
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FIG. 1 8.1 2 - Miescher'* sow, showing arrangement oF "seplo" (A, B, and C); their jointed 
syuctore (C. D, and F); and oltachmeni ol the Rainey's corpuscles [spores) to the "septa" 
(E and F). Sections were stained with Gram's stain. A, B, and C ore from a natural y 
mfec^d wild duck, D E, and F from a naturally Infected sheep. (Spindler, Proc. Helminth. 


least six weeks between the time of ex- 
posure and the development of sarcocysts 
in the muscles. What happens during this 
time or the mode of escape of infective 
material from infected muscle is uncertain, 
but presumably those processes take place 
through the blood stream. 

There has been considerable discussion 
as to whether the etiological agent is a 
protozoan or a fungus, and Wen^n 
(1926) suggested that the Sarcosporidia 


probably are fungi. Spindler and Zimn)^*'' 
man (1945) reported an investigation 
which showed that the infective agent tn 
swine is a fungus and not a protozoan. An 
Aspergillus sp. was recovered by aseptic y 
rupturing sarcocysts or Miesclier’s sao tnto 
dextrose culture solution. Young pig* 
jected with or fed conidia harvested fro™ 
the cultures harbored typical sarcocysts in 
the muscles at necropsy four to six montm 
after exposure. A fungus like that injecte 
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was recovered on cultures Irom the mature 
sarcocysts. Spindler (1947) prepared hist^ 
logical sections from a sheep and a duck 
in a study ot the internal structure of 
Miescher's sacs. The sacs contain a net- 
work ot jointed hyphalike structures (Fig. 
18.12A, B, C, and D). The septa divide the 
sac into compartments (Fig. 18.12B and 
Cl These structures appear jointed (ng- 
lil2C, D, and F). Rainey’s corpuscles 
(spores) are shown attaclied to the septa 
(Fig. 18.12E and F). The staining reaction 
ot the structures was found to be chyac- 
teristic of fungi. This was confirmed by 
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finding a delicate septate mycelium by 
heating Miescher’s sacs from sheep, cattle, 
^d bWs in 30 per cent KOH solution 
and staining the residue with lacto phenol- 
cotton blue solution. 

Tliese findings in sarcospondiosis 

will tend to redirect investigations and 

may hasten the procurement of defin. 

inlocmation on many points which ate 

not understood at present. 

are likely » be more intensive in mam 

mals, particularly swine and sheep, than 

ta bir* because of the relative economic 

importance. 
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The Aviau Leulcosis Complex 


Leukosis signifies a group of diseases which 
is characterized by autonomous prolifer- 
ation of the precursors of blood cells. The 
term lias largely replaced the older name 
leukemia (white bloodedness) principally 
because dtanges in the circulating blood, 
as implied by the name, are not an in- 
sariable pailiologic feature. 

Avian leukosis was first studied in a 
systematic way by Ellermann, and fowl 
paralysis by Marck. at die beginning of 
the present century. Since both of these 
conditions often occur in the same flock, 
slurc a tendency toward tumor formation, 
and arc of major economic importance, 
they arc discussed under one chapter, 
without implying ctiologic unity. 

Although there is no universal agree- 
ment on the diseases which should be in- 
cluded in Uiis diapter, the term avian 
leukosis complex is retained for its use- 
fulness in focusing attention on ilie im- 

•pCTwwa .^piil 16. 


portance of the problem to the poultry jn- 
dustry. The most interesting advances, 
namely the production of resistance-induc- 
ing factor-free flocks and the ready irans- 
missibiltiy of the fowl paralysis syndrome- 
are of such recent date that their impact 
on final classifications can not be ap- 
praised at this time. Eventually this 
chapter must deal with the entire problem 
of avian viral tumors. 

Most of the studies have dealt with the 
common fowl. The knowledge on cor- 
responding diseases is incomplete in other 
species of birds, some of which have proved 
susceptible to experimental transmission 
of chicken leukosis. Reciprocal transnus* 
sion of fowl paralysis from chicken to 
pheasant (and perhaps turkey) seems pos* 
siblc. 

The development of our knowledge on 
ihc avian leukosis complex is outlined m 
the historical part; the various pathologic 
manifestations are discussed as in‘lc‘ 
pendent entities as they present ihcniselvc* 
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in practice, while cause and control are 
taken up from a common point of view. 


HISTORY 

The varied opinions on, and the prac- 
tical importance of, the avian leukosis 
complex are reflected in the large number 
of references to this disease group m the 
literature. Comprehensive 
been prepared by Biely and Palmer ( 

Jdrmai (1934), Olson (1940), En^lbreth- 
Holm 1942). Forth (1946), O^rhng 
and Gudrin (1954). Chubb and Gordon 
(1957). Biggs (1963). ^nd Beard {1963a • 
The literature is selected from the sta 
point of tracing the contributions which 
form the framework of our present concept 
of the avian leukosis complex. 

Fowl paralysis. Under the ‘f'™ 
neuritis. Marek (1907) described a diseaw 
of chkksns which was characlerued by 
lameness and variable enlargement d^ 
to mononuclear inSltration, of the ^ 
ripheral nerves. In studying a 
ease in the North Allanuc Stales. Kaupp 
(1921) observed its frequent 
Svith blindness. The Srst P<»'riv' 
mission experiments were repor^ uZlIand 
det Walk and Winklet-Junius tn Holbnd 
(1924). The disease was “udied >t 
pathologic point of view by Dby ( ’ 

1928) and by Pappenheimet and his 
sociales (1926, 19Z9a, b), who 

the term neurolytnphoraatosis g® 

The last-mentioned authors pot . 

the frequent association of v.sceral lympU^ 
mata originating from ^e ovary “rib “ 
fillrative lesions in Pf^pbata 
brain, and iris, and produced e 
the ttansmissibility of the d.sease tn aMu 
25 pet cent of the eapetimenul b.tdsjhey 

believed neurolymphomatosis 

relationship to Ellermanns o .g. 

kosis. The ttansmissibility of ^ 

raalosis has been questioned freque V 
the literature (Olson, 1937). 

Recently, however, Sevotan 
sociales (1962, 1963, 1964) «P»'^ "S 
reproduction of tlie disease y * 

da, -old chicks of the Cornell ^bne 
, field lymphomatosis tumors ei 
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lular or cell-free material, via the peritoneal 
or aerosol route. Vindel (1962) and B.|gs 
and Payne (1963) likewise reported positive 
results ’^in transmission experiments with 
Sek’s disease. In a -bsequent commu- 
nication Vindel (1964) expressed the opin 
ion that internal parasitism, 
coexidiosis. is epitootiologically related to 
Matek-s dUease, and that the evolution of 
the lesion, in this disease may be brought 
about by a process of autoimmunization. 

in a differential study of neuro ympho- 
matosis and the lymphatic form of leukosis, 
Forth fl935) pointed out that the former 

fs "f ImqneL'oecnttence, asmeiated w.th 

clinical paresis, and chatactetiied by small- 
cell lytmthocytic infiltration of the pe 
rinhetarSetves and viscera, without blood 
f hone marrow involvement; the con- 
was lound by Wm k be riansmts- 

IWrSljVnd Da“el’’(1957) “nsideted 

r“t‘“Birgs'(i%;fag“* 

'eSc buf was Sle m differentiate 
histokglcally between ■■infiammatoty and 
"neonlaslic" lymphoid reactions. 

rXl leukosis. Leukosis in the common 
fowl was first recorded by Caparini i 
1 M 6 Lording to Olson (1940). Extensive 
S’timenS s®,ndies of the condition were 
unLtaken by Elletmann and his associ 
ates (1908, 1922. 1923). who tecogniied 
three general forms of asian leukosis. 

leukemic or aleukem.c myeloid 

SSSL-SS'^a^rL^Lvaseuia; 

SriornSs^i^bktn'drLd'by 

‘‘‘Vhrsubfect'pte'eLd an 
nroblem lo modern leukemia research n 

!Ln“a„d animals and was 

S^etTa'^ne^stSfo/ readily nansmih 

Lie leukosis whi^ 

mann's mttavascu K ,j‘> ,/h,„od involve- 

SrurtaTSc^bSas anemic etytbto. 

leukosis (1931b). t-. . -uaracierizaiion of 

Erythroblastosis. The characieru 
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erythroJeukosis was soon confirmed and ex- 
tended, especially in Denmark, by Engel- 
breth-Holm and Rothe Meyer (1932) who 
suggested tile term erythroblastosis and 
by Oberling and Guerin (1934) in France. 
Although “pure” strains of erythroid and 
myeloid leukosis were observed by Jdrmai 
(1930) and Nyfeldt (1934). the two forms 
tended to occur in a "mixed” form (Forth, 
1931a) and were believed to be caused by 
the same filterable virus. In recent times 
the extensive studies by J. W. Beard and 
his group on erythromyeloblastic leukosis 
(Eckert et al., 1951) resulted in the recog- 
nition of erythroblastosis as a morphologic 
and etiologic entity (Eckert et al., 195^. 

Myeloblastosis (granuloblastosis). Leu- 
kemic myeloid leukosis of Ellermann was 
observed by Furth (1931a) and others in 
serial transmission experiments with strains 
of erythroblastosis. Olson (1936) discussed 
this disease under the heading of granu- 
loblastic leukosis. The condlcioti designat- 
ed by Eckert et al. (1953) as erythromyelo- 
blastic leukosis was identified morpho- 
logically as myeloblastosis by Burmester 
(in Eckert el al., 1953) and subsequently 
established as an etiologic entity by Beard 
(1956). While Brion and Fontaine (1963) 
pointed up the differences in physical, 
chemical, and antigenic properties between 
the viruses of myeloblastosis (BAi strain 
A) and erythroblastosis (strain R), by elec- 
tron microscopic examination these virus 
particles appeared to be of the same mor- 
phology (Bonar et al., 1963). 

Lymphomatosis. Lymphatic leukosis 
represented the only extravascular form 
in Ellermann's classification of transmis- 
sible avian leukosis. Later his erstwhile 
collaborators, Andersen and Bang (1928), 
expressed doubt as to its transnnssibiJity. 
That this disease constituted an inde- 
pendent nontransmissible entity was main- 
tained by Afathews and Waltey (1929), 
who suggested the designation lymphad- 
enoma and separated it sharply from 
neurolymphomatosis. This view was up- 
held by Feldman (1932), and by Feldman 
and Olson (1933), who used the term 
lymphocytoma for the aleukemic neoplastic 
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for which transmissibility had not 
been demonstrated and for which the type 
cell was the undifferentiated lymphocyte. 
Oberling and Guirin (1934) recognized 
differences between the nontransmissible 
extravascular forms and the transmissible 
intravascuiar ones. Furth (1935) agreed 
with the definition of lymphocytoma in- 
sofar as the "spontaneous” extraordinary 
enlargements of the liver were concerned, 
which condition he termed hepatolympho- 
roatosis. 

While it would appear from the fore- 
going statements that three separate enti- 
ties have to be recognized, namely, neuro- 
lymphomatosis, transmissible erythromyelo- 
blastosis, and nontransmissible lympho- 
cytoma, other studies tended to break 
down the boundaries. Johnson (1932) was 
unable to djfferentiale lymphocytoma from 
the visceral lymphomata which had been 
desaibed by Pappenheimer et al. (1926) in 
cases of neurolymphomatosis, and believed 
this association to be so common that he 
proposed the generic term lymphomatosis 
for the specific ‘'neural" and '‘viscerar’ sub- 
divisions. Furth (1983) developed a trans- 
missible agent (strain 2) which was capable 
of causing what he also termed lympho- 
matosis and at times myelocytomatosis and 
endothelioma. To distinguish from neuro- 
lymphomatosis, he (1935) defined lympho- 
matosis as a rare disease which was not 
associated with clinical paresis; patho- 
logically it was characterized by anemia, 
large-celi lymphocytic leukemia, and tu- 
morous infiltrations of the same cell type 
In the visceral organs and occasionally 
the peripheral nerves; the disease proved 
easily transmissible by cell-free material. 
The term lymphomatosis was thus used 
in an etiologically and pathologically 
equivocal sense by Johnson and Furth. 
^perimental studies on the transmissi- 
bility of visceral lymphomatosis by Davis 
and Doyle (1947. 1949) and Davis et al., 
(1950) indicated that the incidence of the 
visceral type alone could be increased by 
inoculation. Supported by the analysis of 
extensive field material, this group of 
authors (Davis et al., 1947) considered 
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viscaM “ hoSsS a V Jv 

diuinct Irom neural ly“P „ ited States 
l,,db,tltewo,to^ot_the^tr, Regional 
Bureau o! ‘u„„torv (WSl)- 

Poultry Research ^abor ry observed 

As stated, endothehomata ^ 

by Forth (1933) >n P“»K% ,„o ot neu- 

Statting with material ! ,i^e- 

rolpnphomatosis, ]nngh \ 
wise observed endotne retimes an 

appear that this eondition is 
expression o£ ^I'O'P ..ophic osteopathy 

to ““oommon hypoL Pb ^ 

ot chitltens has been ^onous terms 

otnithopathology unoer .Rojrfiaidt. 

such as*^ byperplastie oste...s^^(^.^ 

1950) and ‘‘dlyto on this con- 

1987). Transmission stuoi jppghci 

dition by JohS'ie" ( (jpded to show that 

andLandauer \ „_bomatosts cany 
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pressed the opinion that many cases of 
natural lymphomatosis carry masked 
lymphoid tumor agents. 

In quantitative follow-up studies. Bur- 
raestcr and Gentry (1956) made the in- 
teresting observation that the virus of 
visceral lymphomatosis, as represented by 
plasma filtrates of RPL-12. tended to cause 
early intravascular erythroblastosis, when 
given in high doses, and late extravascular 
lymphomatosis when given in low doses. 
These changes tvere accompanied by a 
low, but significant, incidence of osteo- 
petrosis in all inoculated birds, especially 
the males. This dual cytotropism main- 
tained itself in pathogenicity tests. 

In detailed studies of the pathogenicity 
of RPL-12, Gross et aU (1959) showed that 
the \irus may induce not only viKeral 
lymphomatosis but also erythroblastosis, 
hemangiomatosis, and osteopetrosis. From 
the same data Burmester «l al. (1959a, 
1960a) brought out the importance of the 
host-virus interrelationship on the path- 
ologic response, especially with respect to 
age and genetic background of the host, 
and source, dose, and route of inoculation 
of tlie virus. For the principal neoplastic 
manifestation, i.e., erythroblastosis and 
visceral lymphomatosis, age of host and 
virus concentration in inoculum proved 
statistically to be the important variables 
affecting the responses (Gross et al., 1962). 
Partial fixation of pathologic response 
could be obtained by selection of donors 
(\V’altcr et al., 19G3). In the hands of 
Burmester et al. (1959b), even so-called 
"pure" strains of erythroblastosis (R) and 
and myeloblastosis (BAI-A), product al) 
combinations of the oncogenic spectrum, 
inclusive of “renal carcinoma," with the 
exception of myeloblastosis and visceral 
lymphomatosis in tlie same bird. Both dis- 
eases were found to be transmitted also 
by contact, a property which was formerly 
attributed only to lymphomatosis. 

To test the relationship of RP1,J2 to 
field virus tumors, Burmester and Fredrick- 
son (1961) collected material from 22 
widely separated flocks in lltc U.S. and in- 
duced better than 50 per cent neoplasm 


mortality in L 15 I inoculated chickens 
from 9 sources. According to Burmester 
(1962) these data pointed to a single causa- 
tive virus but with minor continuous dif- 
ferences for erythroblastosis, visceral lym- 
phomatosis, osteopetrosis, fibrosarcoma, 
hemangioendothelioma, and nephroma. 
Myeloblastosis, myelocytomastosis, and neu- 
ral and ocular lymphomatosis were not 
observed, in spite of the fact that some 
of the donors were so aSected. 

The latter point as to neural and ocular 
lymphomatosis was of particular interest 
in light of the reports by Sevoian and his 
associates on the experimental reproduc- 
tion of the neural and visceral form of 
lymphomatosis in Cornell S-line chicks 
(Sevoian and Chamberlain, 1962, Sevoian 
el ci, 1962), and the preferential occur- 
rence of these forms in young and in old 
chickens, respectively, as seen in the field 
(Sevoian and Chamberlain, 1963). In their 
opinion (Sevoian et al., 196Sa) these points 
furnished new support for the etiologic 
unity of avian lymphomatosis. 

In contrast to the above neoplastic con- 
cept of lymphomatosis, Campbell (1954, 
1956), Darcel (1957), and Chubb and 
Gordon (1957) interpreted the term lym- 
phomatosis as representing a chronic in- 
flammatory condition, with neural, ocular, 
or visceral localizations. Neoplastic aber- 
rations of the lymphoid series were desig- 
nated as lymphoid leukosis. Histogenetic 
considerations formed the primary basis 
of differentiation. To avoid confusion be- 
tween inflammatory lymphomatosis and 
neoplastic lymphoid leukosis, the former 
designation was to be dropped and re- 
placed by Marek's disease (Biggs, 1961). 
Unfortunately this terra is little under- 
stood in this country. 

Myelocyiomaiosis. Aleukemic myeloid 
leukosis was considered by Eilemiann 
(1923) as a subvariety of transmissible 
myeloid leukosis. The disease was ordi- 
narily associated with tumor formation. 
Pentimalli (1915) apparently first de- 
scribed a spontaneous chicken tumor 
which Was composed almost exclusively of 
myelocytes with the characteristic granu- 
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by Doan et at. (1925). Hall and associates 
(1941, 1943) developed a strain of hemo- 
cytoblastosis from original neurolympho- 
matosis material ivhich, in the hands of 
the U.S. Regional Laboratory workers, 
showed the characteristics of myeloblastosis 
(RPL-1). 

Emmel (1939) also advanced a Unitar- 
ian view and likewise used the inclusive 
terra hemocytoblastosis for an increase or 
decrease in leukocytes accompanied by the 
appearance of immature and degenerative 
blood cells in the circulating blood. 
Blount (1939) has shown that similar 
blood pictures occur in physiologic tran- 
sition stages from embryonic to adult life 
and in various unrelated diseases. 

Relation of leukosis to virus tumors. 
Leukosis was thought to be unrelated to 
transmissible sarcomas and similar tumors 
of the fowl which have been studied ex- 
tensively by Rous, his assouates, and other 
workers (for ref. see Claude and Murphy, 
1933; Foulds, 1934). Oberling and Guerin 
(1933a, b), however, presented evidence 
on the production of malignant tumors of 
the Rous type with the virus of transmis- 
sible leukosis; a similar polyvalent strain 
was studied by Rothe-Meyer and Engel- 
breth-Holtn. (1933) and by Engelbreth- 
Holm and Rothe-Meyer (1935). A strain 
of leukosis described by Jdrmai (1955) pro- 
duced fibrosarcomas at the point of injec- 
tion in leukosis-refractory birds. 

These observations stimulated a la^e 
amount of investigational work on the 
relation of leukosis to sarcoma, the results 
of which seemed to indicate that simple, 
mixed, and complex strains occur (Furth, 
1936a). 

Simple or pure strains maintain their 
pathologic identity in successive passages, 
as exemplified by the Rous sarcoma or 
erythroleukosis (strain 1) of Furth 
(1931a), which Stubbs (1938) tested for 
tumor-produdng properties over several 
years, with negative results. A recently 
isolated Canadian strain of erythroleukosis 
likewise failed to produce neoplasm at the 
site of inoculation (Wickware, 1943, 1946). 

If leukosis and sarcomalike processes 


occur in tlie same donor and prove to be 
dissociable In subpassages, the conception 
of "mixed" strain is applicable. Furth 
(1936b) observed an osteochondrosarcoma 
(strain 12) in a bird inoculated with 
lymphomatosis (strain 2) (Furth, 1933) and 
showed that in successive transplantations 
both patliologic components occurred 
either atone or in combination. However, 
later culture studies of the virus in vitro 
by Furth and Breedis (1935) suggested 
tliat it may liave been a complex strain. 
From a spontaneous ovarian tumor which 
had both lyraphomatous and sarcomatous 
characters. Jungherr (1937) developed 
agents of lymphomatosis and sarcomatosis, 
the latter of which was carried as such 
through many subpassages by Cole (1941). 

Complex strains apparently are due to 
a single agent which can stimulate both 
primitive blood cells and fibroblastic cells. 
Stubbs and Furth (1935) described the 
interesting strain 13 which produced sar- 
coma on subcutaneous or intramuscular 
inoculation, and diRuse endothelial sarco- 
maiosis in the blood-forming organs as- 
sociated with erythroleukosis, when inject- 
ed intravenously. The strain studied by 
Oberling and Gudrin (1933a, b), Rothe- 
Meyer and Engelbreth Holm (1953), and 
Jirroai (1935) may have been of a similar 
order (Furth, 1936a). 

A major impetus has come from the 
observations of Duran-Reynals (1940, 
1941, 1947) that the classical Rous sar- 
coma virus is capable of assuming hemor- 
rhagic. neurotropic, and osteopetrotic 
properties, after experimental passage 
through newly hatched ducks and chick- 
ens. These findings suggested a necrotiz- 
ing effect of rbe virus on the vascuhr en- 
dothelium, but Carr (1962) believed that 
the "hemorrhagic disease” induced by Rous 
virus I and other avian tumor viruses, 
tested by him, was primarily associated 
with pre-existing foci of extramedullary 
hematopoiesis and not in itself evidence of 
a viral necrotizing property. In studying 
the genetic resistance of fowls to Rous 
sarcoma virus. Greenwood and Carr (1951) 
obtained increased resistance to artificial 
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pathologic entity; combinations o£ these 
forms may occur in nature in the same 
flock or bird; various mixtures can be 
transmitted by cellular or filtered material; 
and, most inexplicably, certain forms may 
be obtained from source materials which 
do not show the original pathologic fea- 
tures. 

A tentative pathologic classification, 
without implying etiologic unity, was sug- 
gested by a committee (Jungherr et ai, 
1941) cooperating with the United Slates 
Regional Poultry Research Laboratory, 
East Lansing, Mi^igan. The various forms 
of the disease complex, which were under- 
stood to occur in leukemic, subleukemic, 
or aleukemic variety, were grouped into 
lymphomatosis, with either neural, ocular, 
visceral, or osteopetrotic locaiization,- 
erythroblastosis; granuloblastosis; myelo- 
cytomatosis; and sarcomatosis. 

Beard (1957a) conceived the avian 
leukosis complex as a group of diseases, 
with lymphomatosis and its neural, ocu- 
lar. and visceral localizations on the one 
hand, leukemias and sarcomas on the 
other, and osteopetrosis as a potential link 
between the extremes of the pathologic 
spectrum (Fig. 19.1). 

Chubb and Gordon (1937) su^esied 
a modified conception, based upon the 
histogenetic incerprecation of Campbell 
(1954). Leukosis was divided into erythro- 
leukosis; myeloid leukosis of diffuse or 
discrete distribution, the latter identical 
with myelocytoma; and lymphoid leukosis 
again of diffuse or discrete distribution. 



FIG. 19.1 —The moior condiiions of the avian 
leukosis complex. The eonnecilng curves indi- 
cate, in port, the diversity of combinations 
occurring naturally, or transmissible by ex- 
perimental meons. (Beard, 1957a. Ann. N.Y. 
Acod. Sci.) 


the latter identical with lymphocytoma. 
Lymphomatosis was divided into visceral, 
neural, and ocular forms. Osteopetrosis 
was placed into a separate category. The 
term lymphomatosis in the above sense has 
since been replaced by Marek’s disease 
(Gordon, 1960; Campbell, 1961; Biggs, 
1963). However, the distinction between 
inlLimmatory and neoplastic forms is not 
tenable because of the limitations of the 
histopathologic approach. Although much 
has been written about classification, the 
greatest need is for large scale critical ex- 
periments to show whether control 
measures against known agents such as RIF 
will alter the susceptibility of a flock to 
agents which may be implicated in Marek’s 
disease- 

A simplified modification (with scientific 
and common equivalents) of the 1941 
proposal has been suggested by Cottral 
(1952) and is used here. It comprises, 
neural, ocular, and visceral lymphomatosis, 
osteopetrosis, erythroblastosis, myeloblas- 
tosis, and myelocytomatosis. To this has to 
be added nephroblastoma. It has the advan- 
uge of designating the individual patho- 
logic forms, and thereby avoiding any im- 
plication as to etiologic unity. 

In rendering a diagnosis emphasis 
should be placed upon staling t/ic specific 
form or forms found and preferably also 
the method of arriving at such diagnosis, 
rather than generic or group designations 
such as lymphomatosis or avian leukosis 
complex. 

NEURAL LYMPHOMATOSIS 

Synonyms. Fowl paralysis, range paraly- 
sis, polyneuritis (Marek. 1907), neuritis 
(Doyle, 1926), neurolymphomatosis galli- 
nanim (Pappenheiraer et al, 1926). neu- 
rogranulomatosis (Lerche and Fritzsche, 
1934), Marek’s disease (Biggs, 1961). 

Paretic symptoms may be observed as 
accompanying a variety of diseases such as 
tuberculosis, staphylococcosis, fowl cholera, 
helminthiasis, coccidiosis, botulism, avita- 
nUnosis, lead and salt poisoning, etc To 
differentiate such conditions from true 
fowl paralysis, as discussed below, the for- 
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eased one often gives the impression of 
increased resistance. Paresis of the neck 
may be suggested by low carriage of the 
head and incipient torticollis; affection of 
the deep muscles and the nerves, especially 
the vagus, may lead to dilatation of the 
crop and gasping symptoms. Durant and 
McDougle (1945) considered soiled, damp, 
“front” feathers under the beak and along 
the throat to be a sign of neural lympho- 
matosis and attributed it to involvement 
of the posterior cranial and the anterior 
cervical nerves. Locomotory disturbances 
are often associated with systemic reactions 
such as loss of weight, paleness, anorexia, 
and diarrhea, although the appetite not 
infrequently remains good. The signs of 
true fowl paralysis are not specific and vary 
widely in intensity. 

Pathology. The gross anatomic features 


of the disease are characterized by localized 
or occasionally diffuse grayish, soft swell- 
ings of the peripheral nerve trunks. The 
femoral portion of the sciatic trunk is 
commonly affected (Fig. 19.4A). This nerve 
can be observed easily by lifting up the 
laige triangular adductor muscles on the 
median surface of the thigh under which 
its two strands run parallel with the fem- 
oral artery. The normal nerve is uniform 
in width, white, and cross-striated. Loss of 
striation is suggestive of the disease. Bi- 
lateral comparison permits the detection 
of mild alterations. For detailed exami- 
naUon the distal and proximal ramifi- 
cations of the nerve should be exposed. 
Changes may be seen in the intrapelvic 
part of the trunk, the so-called sciatic 
plexus, which originates from four spinal 
roote and is located under the middle lobe 
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row involvement. Jungherr (1934) made 
serial hematologic examinations of ex- 
perimentally injected and control birds; 
the mild evidence oE leukocytosis and 
lymphocytosis found in affected birds was 
regarded to be statistically insignificant. 
Differential diagnosis. Other morbid 
conditions summarized under the term 
symptomatic paralysis (Bayon. 1932) may 
be accompanied by paretic signs. In ques- 
tionable cases the specific diagnosis of 
neurofympiiomatost's rests upon the micro- 
scopic demonstration of the pathogno- 
monic lesions in the peripheral nerves 
Brooder chicks may show in the sciatic 
trunks, as in other organs, slight granu- 
locytic mononuclear foci which are prob- 
ably expressions of ectopic hematopoiesis 
and of no diagnostic significance. Neuro- 
malacia, or ariboflavinosis, is characterized 
by bilateral diffuse grayish swelling of the 
sciatic trunks, which on microscopic ex- 
amination exhibit severe myelin degener- 
ation and occasionally mild perivascular 
proliferation of the adventitial cells (Phil- 
lips and Engel, 1938). The microscopic 
lesions of central neurolymphomatosis and 
avian encephalomyelitis (Jones, 1934) arc 
similar in character except that the latter 
have a special predilection for the gray 


matter in the brain (Jungherr, 1935). The 
"crooked-tocs" condition described by 
Norris et al. (1940), apparently related to 
mechanically unsuitable floors, is not as- 
sociated with nerve alterations. Intra- 
cranial gliomas may occasionally give rise 
to paralytic signs (Jungherr and Wolf, 
1939). The principles involved in 
the neuropaihologic differentiation of 
symptomatic paralysis in fowl have been 
summarized by Jungherr (1953). 

Neural Lymphomatosis in Other Species 
A disease patiiologically indistinguish- 
able from the corresponding condition in 
the common fowl has been observed in 
pheasants by Jungherr (1939) (Fig. 19.7). 
An unusual feature was the finding of 
localized areas of muscle degeneration, es- 
pecially in the flexors of the leg, which 
led to macroscopic "tigering” of the af- 
fected muscle and miaoscopic Zenker's 
degeneration associated with regenerative 
phenomena (Fig. 19.8), similar to the 
muscle changes sometimes observed in 
young chickens by Poiel (1938). Harriss 
(1939) and Johnson (1941) apparently 
transmitted fov,’l paralysis to pheasants. A 
similar affection of both neural and mus- 
cular tissues has been described in turkeys 



FIG. 19.7 — Neurol lym. 
phornotosis in pheasants. 
Section of sciatic nerve. 
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stock. Nelson and Thorp (1943) found 
pearl-gray irises with irregular pupillary 
borders to be extensively infiltrated with 
lymphocytes. They believed the early 
stages of the disease, without pupillary 
changes, to be represented by depigmen- 
tation and vascular congestion of the iris. 
Using chicks from iritic dams as vims 
donors, Durant and McDougle (1945) 
transmitted neural lymphomatosis by di- 
rect blood transfusion to susceptible 
chicks, 

On the other hand, Ball (1944), work- 
ing with Single Comb White Leghorns, 
found depigmentation of the iris, with 
round regular pupils, to be common and 
due to various factors such as lack of, or 
(he presence of inhibitors of, carotenoid 
pigments in the diet, and high pro- 
duction A large proportion of such de- 
pigmented irises showed lymphocytic in- 
filtration on microscopic study (Balt, 
1945). Breeding from birds so affected 
failed to indicate a significant relation- 
ship between ins color of the dam and 
mortality from neoplastic or other diseases 
in her progeny (Ball and Cole, 1946). 
Nelson (1947) likewise believed that ocu- 
lar lymphomatosis should be diagnosed by 
criteria other than depigmentation 

The suggestion by Bullis et <j/. (1950) 
that ammonia fumes arising from deep 
litter in poorly ventilated brooder houses 
may cause eye lesions not readily dis- 
tinguishable from ocular lymphomatosis, 
and their experimental production in the 
reviewer’s laboratory by EUis and Winn 
(1950) and by Faddoul and Ringrose 
(1950), throw doubt upon the occurrence 



PIG 19.9 — Ocular lymphomatosis. The eye on 
the left shows onnolor, that on the right, 
spotty, deplgmentotion of the iris. 


of ocular lymphomatosis in young birds. 
Pathologically these so-callcd ammonia 
burns resemble the primary iridocyclitis 
described by Bayon (193G) but usually 
show the added feature of epithelial de- 
fects in the cornea. With the recent recog- 
nition of iritis and cataract as a possible 
setjucnce to avian encephalomyelitis (epi- 
demic tremor) by Pcckham (1957) .md 
Bridges and Flowers (1958), this malady 
should be considered in differential diag- 
nosis. Rigdon (1959), however, found also 
such cataracts in chickens with lymphoma- 
tosis. 

Occurrence. Ocular lymphomatosis oc- 
curs primarily in flocks affected with the 
neural fonn but, on the whole, somewhat 
later during the life of the birth, pri- 
marily during early maturity. Accurate 
differential diagnosis is important. Vari- 
ations in incidence are not considered a 
dependable sign of the prevalence in the 
flock of otlier manifestations of the avian 
leukosis complex. 

Symptomatology. Familiarity with the 
signs is necessary for those concerned with 
selection of breeding birds. Refinements in 
clinico-diagnostic methods, perhaps with 
(he aid of nn ophthalmoscope, should be 
helpful. 

In the normal eye the iris has either a 
clear bay or orange color; the pupil is 
circular and fias the power of ready ac- 
commodation to light intensity. The iris 
sometimes shows fine radial lines or clefts, 
which are probably in the nature of con- 
genital defects 

Ocular lymphomatosis manifests itself 
by concentric annular or spotty depig- 
mentation or by diffuse bluish-gray fading 
of the iris in one or both eyes (Fig. 19.9). 
Tlie pupil becomes irregular to the ex- 
tent of showing angular indentations and 
gradual loss of light accommodation. In 
advanced stages the iris presents a diffuse 
grayish opacity with pin-point pupil (Fig. 
19-10). The anterior chamber of the eye 
sometimes contains slightly turbid exu- 
^te which leads to increased convexity of 
the cornea as in glaucoma. 

Pathology. The specific pathologic fea- 
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common, tiie liver is enlarged to various 
degrees, grayish, and of granular surface 
(Fig. 19.1S). The gray background is often 
relieved by red lines or docs of congested 
vessels which give the liver a characteris- 
tically marblei.'ed appearance. In ihe 
nodular variety there is less enlargement, 
but the parenchyma is studded with firm 
grayish tumors of various sites, which, un- 
less confluent, are spherical except for sur- 
face flattening On section the tumors are 
firm, smooth, iardaceous, and rarely show 
necrobiotic changes. 

Implication of the gonads, especially in 
the female, has been stressed repeatedly 
(Pappcnheimer el a!., 1926) The imma- 
ture affected ovary may show nothing more 
than diffuse coarse granular hyperplasia, 
while the producing organ exhibits alter- 
nating normal and tumorous egg follicles. 



FIG. 19.1 3 — Viscerol lymphomatosis, difFuse 
variety. The liver is markedly enlarged, grayish, 
and of gronvior surface. (Iowa State University.) 


Extensive affection is indicated by cauli- 
flowerlike tumors with multiple peduncu- 
lation. That such ovarian involvement 
may proceed at a rapid pace is indicated 
by birds which were observed to have a 
moniJily trap jjest record of twenty-four 
eggs one month prior to death from 
ovarian lymphomatosis. Male gonads are 
sometimes subject to lymphoraatous af- 
fection, die disease having been diagnosed 
as early as the fourth week of age. Marked 
differences in the size of the testicles should 
arouse suspicion of the disease, which can 
be confirmed microscopically. Veritable 
tumor formation in the testicles is rare. 

Among other internal organs die kid- 
neys are often involved, primarily by dif- 
fuse grayish enlargement of some of the 
three major lobes, although nodular tumor 
formations occur at times. Due to the de- 
crease of ilic renal secretory surface, af- 
fected kidneys may show secondary ne- 
phritic changes of the nonaJfected lobes. 
Without concomitant lymphomatous al- 
terations, these kidney lesions may be dif- 
ficult to differentiate from uremic nephritis 
(visceral gout). 

The heart shows gross changes more 
ircquemly than is realized; there occur 
either grayish striations (tigering) in the 
epicardium, or prominent myocardial tu- 
mors whicli lead to deformities and local 
adhesive pericarditis; at times, the bicuspid 
valve presents small tumorous nodules. 
The lymphomatous process is also apt to 
originate in or spread to adjacent organs 
such as the proventriculus, gizzard, and 
lungs (Fig. 19.14). Multiple tumors are 
often implanted in the mesentery and 
peritoneum, recalling the appearance of 

pearl disease" in bovine tuberculosis. In 
such cases there is apt to be serous transu- 
dation into the abdominal cavity. Oviduct 
and mesosalpinx are comparatively re- 
fractory. 

The glands of the head and the skin are 
subj^ to attack by the process. Unilateral 
wcllmg of the cheek, as in “roup,” may 
be due to lymphomatosis of the naso- 
Jaainuil glands. Affected integument ex- 
hibits small multiple tumors of the feather 
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FIG. 19.15 - Vi$eerol 
lymphomatosii. Section 
of liver showing mos- 
live lymphoid infiltra- 
tion. (Poppenheimer, 
Storrs Agr. Fxper. Sta.) 



pathologic elements are represented by 
two prototypes, namely, so-called small 
round cells resembling lympiiocytes, and 
large lymphoblastlike cells. Between these 
extremes intermediate types occur. The 
small more mature cell type is apt to oc- 
cur in visceral complications of the neural 
form and in the extreme cases of liver en- 
largement (Fig. 19.15), while the large 
cell type prevails in rapidly growing 
lymphoid tumors. 

DifTtcuhies may arise in the interpre- 
tation of microscopic lyniphomatous 
changes. As would be expected, the lesions 
hate a predilection for organs containing 
normal lymphoid tissue. With the excep- 
tion of diymus, cecal tonsils, bursa of 
Fabricius. submucosa of the intestine and 
of the secondary bronchi, there are no or- 
ganized lymph nodes in the fowl; but 
microscopic lymphoid foci are usually 
present without anatomic regularity in the 
parenchymatous organs and the digestive 
tract. These follicles are subject to stimu- 
lation. aside from the etiologic agent of 
lymphomatosis, also by other viral factors 
(e.g., avian encephalomyelitis). Thus it is 


often difficult to state whether a given 
lymphoid follicle represents normal, re- 
active, or neoplastic tissue. A guide to in* 
terpreiaiion should come from consider- 
ation of all the pathologic evidence avail- 
able in the case. In ordinary fixed tissues 
the large lymphoblastlike cells are difficult 
to differentiate from myeloblasts, hemo- 
cytoblasts, etc. Special fixing and staining 
methods designed to bring out the differ- 
ential characters of hematopoietic ele- 
ments are of value. Recourse may be made 
to impression smears or "Klatsch” prepara- 
tions stained according to Wright and/or 
Giemsa. 

In a series of six detailed papers Lucas 
and his associates (1949, 1950, 1951) have 
studied the relation of so-called normal 
lymphoid foci in the pancreas to lympho- 
matosis in chicken, turkey, dove, pheasant, 
wild mallard, and ^Vhite Pekin duck. 
They concluded that the amount of ectopic 
lymphoid tissue was approximately pro- 
portional to the predisposition toward 
lymphomatosis. While the question could 
not be answered definitely whether these 
lymphoid foci were actually induced or 
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FIG. 19.J6 — Endofhelio- 
mo in visceral lympho- 
matosis. Experimental 
case. Section of muscle 
affected with giont-cell 
endothelioma. (Jungherr, 
Storrs Agr. Exper. Sta.) 



hibit thick nuclear membranes and promi- 
nent nucleoli. There frequently occur 
groups of multinucleated giant cells not 
unlike the Langhans type in tuberculosis 
(Fig. 19.16). The tendency toward necro- 
biotic changes is marked. The diagnosis 
of endothelioma is strengthened by demon- 
strating connection with normal endo- 
thelium. However, it is often difEcuU to 
decide whether the tumor is of endothelial, 
mesenchymal, or mesothelial origin. 

Hematology. Much of what has been 
stated under this heading in regard to 
neural lymphomatosis is applicable to the 
aleukemic cases of visceral lymphomatosis. 
In other instances the blood picture may 
show subleukemic or leukemic lymphoid 
alterations. The term "subleukemic” is 
used, in accordance with the suggestion of 
Furth (1933), to indicate a moderate in- 
crease of the leukocyte count, up to 100,000 
per cu. mm. of blood. 

Specific blood changes are either quali- 
tative or quantitative in nature, of which 
the former deserve special attention; they 
are often transitory or terminal and, on 
the whole, less constant than in erythro- 
and granuloblastosis. Aside from the ap- 
pearance of "budded" or pseudopoded 
lymphocytes in increased number, the 
blood picture may be characterized by the 


presence of immature lymphocytes in the 
circulating blood. The degree of imma- 
turity of the leukemic cell varies. Accord- 
ing to Furth (1935), in subleukemic forms 
one observes primarily medium-sized baso- 
philic lymphocytes showing vacuoles and 
azurophilic granules. The large lympho- 
cyte predominates in frank leukemic cases. 
Apart from size, these cells are distin- 
guished by a large eccentric nucleus com- 
posed of spongy chromatin and a compara- 
tively narrow mass of intensely basophilic 
cytoplasm. These cells are considered by 
Furth (1934) to be capable of producing 
erythioblasts, myelocytes, and lymphocytes 
and thus correspond to the hemocytoblast 
in the terminology of Ferrata-Maximow. 
The lympholeukemic alterations may be 
accompanied by anemic changes, such as 
basophilic erythrocytes and erythroblasts; 
also erylhrogonia suggestive of erythro- 
blastosis occur occasionally. 

Differential diagnosis. Of other diseases 
capable of forming tumorlike nodules in 
the visceral organs, tuberculosis and pul- 
lorum disease must be kept in mind. Avian 
tuberculosis also attacks primarily spleen 
and liver, but the nodules are usually yel- 
lowisli, granular on the surface, and 
reaiUly separable from the parenchyma of 
the affected organ. Pullorum nodules arc 
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found in the heart of adult birds, particu- 
larly males, but as a rule are accompanied 
by inflammatory and congestive phenom- 
ena. In both diseases bacterioscopic and 
cultural tests can give further clues to the 
etioiogic nature of the pathologic processes. 

In turkeys, low grade lesions of histo- 
moniasis in liver and spleen as seen on the 
inspection line, are suggestive of visceral 
lymphomatosis but may be diagnosed his- 
tologically by their granulomatous char- 
acter (McKee et al., 1963). 

OSTEOPETROSIS 

Synonyms. Thick-leg disease, marble 
bone, akropachia ossea and hyperplastic 
ostitis (Reinhardt, 1930), hypertrophic 
osteitis (Reis and Nobrega, 1936), osteo- 
dystrophia fibrosa cystica (Gohs, 19S4a, b), 
diffuse osteoperiostitis (Pugh, 1927), 
Paget's disease (Venkataraman. 1936), 
osteopetrosis gallinarum (Jungbeir and 
Landauer. 1938). 

Hypertrophic osteopathies of the fowl 
have received occasional mention in the 
literature (Reinhardt, 1930). S^radic 
outbreaks of diffuse osteoperiostitis in 
male birds have been reported by Pugh 
(1927) in England, and Venkataraman 
(1936) in India. Brochet (1955) named 
several diseases as possibly leading to bone 
deformities, namely acromegaly, Paget’s 
disease, ttiberculosis, gigantism, osteosar- 
coma and hypervitaminosis; he thought 
hypertrophic bone changes in birds to be 
secondary to respiratory infections or en- 
docrine dysfunctions. Campbell (1954) 
and Hutt and Cole (1954) maintained 
that the condition should not be included 
in the complex under discussion. 

Experimental studies along this line are 
of special interest. Oberling and his associ- 
ates (193Sc, 1934) maintained birds in 
outdoor cages on a mineral-poor but other- 
wise adequate diet and observed lesions 
which showed a striking resemblance to 
human osteodystrophia fibrosa cysD'ca as- 
sociated with parathyroid hyperplasia. 
Gohs (1934a, b), on the other hand, pro- 
duced a similar pathologic picture; save 


for parathyroid hyperplasia, together svith 
leukemic conditions, by repeated injections 
of normal embryonic or X-rayed adult 
avian bone marrowr. Spontaneous cases 
pathologically resembling those of Gohs 
were described under the term osteo- 
petrosis gallinarum (Jungherr and Land- 
auer, 1938) and found to be transmissible. 
The agent could not be separated from 
that of lymphomatosis. While confirming 
the associated occurrence, Brandly el al. 
(1941) observed certain differences in oc- 
currence, and Burmester (1947a), in sedi- 
mentability, between osteopetrosis and 
lymphomatosis which, according to them, 
suggest etioiogic differences. Periosteal 
proliferation in long bones of chicken em- 
bryos receiving intravenous injections of 
normal blood or serum was observed by 
Brandly (1941) and his associates (1949). 
The condition described by Thiersch 
(1944) under the name of osteopathia 
hyperostotica scleroticans multiplex infan- 
tilis, following intravenous injection of 
embryos with human leukemia material, 
seems to be of similar nonspecific charac- 
ter. 

Osteopetrosis differs from osteomyo- 
sclerosis, described in fowl by Seifrted and 
Sassenhof (1940), as a disease sut generis, 
and is believed by Bloom et al. (1941) 
and Sjotle (1950) to represent a physio- 
logic mechanism for calcium deposition 
during egg production. 

OccuTTcnce. In comparison with other 
manifestations of the avian leukosis com- 
plex, the occurrence of osteopetrosis is rare. 
Some field cases are sporadic in nature and 
often escape detection until the birds are 
dressed. Ttiis is borne out by observations 
of the United States poultry meat inspec- 
tion service. Isolated epiorniihic cases, 
predominantly in males, have been de- 
scribed. The geographic distribution ap- 
pears to be widespread according to re- 
ports from Canada (Moynihan, 1943; 
Biely, 1943); Sweden (Magnusson, 1946); 
and South Africa (Cojes and Bronkhorst, 
1946). In a flock kept lor experimental 
purposes, the latter authors observed 39 
cases which were believed to show a famil- 
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ial incidence and to be due to a unifacto- 
rial recessive character, in support of the 
contention of Hutt (1932), who found two 
of nine birds from die same dam to be af- 
fected with such abnormal osteogenesis. 

Symptomatology. If lire disease aSects the 
metatarsi it can be detected on clinical in- 
spection. Palpation of tlie long bones may 
reveal additional cases. In the beginning, 
diseased leg bones, to the exclusion of the 
phalanges, shosv abnormal convexities or 
irregular thickenings in the diaphyseal or 
metaphyseal regions. The affected areas 
are hot to the touch, hard, and insensitive. 
Advanced cases exhibit the characteristic 
“bootlike” thickening of the shanks (Fig. 
19.17). 

Pathology. The gross alterations of the 
skeleton may be observed in all the long 
bones of the extremities (Figs. 19.18 and 
19.19), in the osseous components of the 
pelvis, shoulder girdle, and in rare in- 
stances also in the spine, while phalanges 
and skull bones seem refractory. Xray pic- 
tures examined by Edeiken (1940) were 
considered to show definite bone changes 
in the nature of osteosclerosis with thicken- 
ing and increase in density of the cortex, 
encroachment and in some places obliter- 
ation of the medullary cavity (Fig. 19.19); 
the general features were regarded as 
similar to those of osteopetrosis in man. 

The pathologic process affects primarily 


Use diaphysis, and is ordinarily bilateral. 
The intensity of the bone lesions varies 
widely from exostosislike cortical thicken- 
ings to massive asymmetrical involvement 
leading to almost complete obliteration of 
the marrow cavity. Even in the early stages 
the affected bones-Usough somewhat po- 
rous in appearance— give evidence of in- 
creased breaking strength. In cases of long 
swnding they are extremely hard. Both 
cross (Fig. 19.20) and longitudinal sec- 
tions of bones are helpful in the diagnosis. 

The extent of the visceral changes is 
variable. Rapidly developing cases usually 
exhibit the gross characteristic changes of 
visceral lymphomatosis, while old arrested 
cases arc more apt to show this association 
only on microscopic study of the tissues. 
The parathyroids appear normal. 

The histopathologic picture of affected 
bones varies according to the maturation 
of the specific process. The initial phase is 
characterized by sequestration and granu- 
lar degeneration of old trabeculae, marrow 
fibrosis, and increased osteoclasia. These 
changes, akin to those of osteodystrophia 
fibrosa, are accompanied by the develop- 
ment of a new large-celled vascular fibrous 
bone tissue which fails to show cartilage 
remnants or other evidence of endochon- 
dral ossification (Fig. 19.21). In the florid 
phase the new bone tissue gradually re- 
places both the original spongiosa and 





FIO. 19.19 — Osteopetrosis. X-ray picture 
of a White Rock chick obout 9 weeks old; 
almost all long bones were Involved. 
(Vinelond Poultry laborotorles, Vlnelond, 
N.J.> 
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FIG. 19.30 — Oileopetrasis, CroM section of affected femora. Upper row normal. 
Uungherr and londouer, Slorr* Agr. Exper. Sta.) 



compacta, while osteoclastic activity re- 
gresses. In the arrested phase, the new 
bone lamellae appear condensed, hyper- 
calcified, and subdivided by numerous 
thick irregular cement lines (in formalin- 
fixed material) corresponding to the so- 
called "mosaic” structure of Paget’s dis- 


ease in man (osteitis deformans) (Fig. 
19.22). All three phases may be obsencd 
in the same case or even the same bone 
section. Gross ef al. (1959) observed an 
early increase in size and number of peri* 
osteal and endosteal cells which process 
they considered neoplastic, especially be- 
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cause it was often accompanied by osteoly- 
sis (Swiss cheeselike). The later forma- 
tion o£ imperfect lamellar bone they con- 
sidered nonneoplastic. Campbell (1961) 
considered osteopetrosis as a virus-induced 
bone deformity caused by increase of 
osteoblastic activity. This may be asso- 
ciated with immaturity of gonads, atrophy 
of spleen, adenomas of kidney, tumors of 
liver, and hyperplasia of certain muscle 
groups (Campbell, 1963). 

Hematology. The blood picture is or- 
dinarily aleukemic. There is sometimes a 
relative or an absolute lymphocytosis. Evi- 
dence of secondary anemia is quite com- 
mon and understandable in view of the 
progressis’e reduction of the hematopoietic 
tissue. The remaining hone marrow is in- 
tensively hyperplastic and on microscopic 
scrutiny shows basophil erythroblasts and 
cryihrogonia, as in er)iliroblastosi$. In 


spite of this hyperactivity of die marrow, 
the immature stages of eryihropoiesis are 
not observed in the circulating blood. 

differential diagnosis. Among other 
avian osteopathies, rachitis and osteo- 
poiosis (rickets) can be differentiated 
from osteopetrosis by their epiphyseal for- 
mation of osteoid or porous bone tissue, 
accompanied in osteoporosis by parathy- 
roid hyperplasia. Cases of osteopetrosis 
complicated by D-avitaniinoses occur. In 
perosis (hock disease) there is twisting 
and flattening of the shanks, while the 
bone structure itself remains normal. 

NEPHROBLASTOMA. 

Synonyms. Renal adenocarcinoma (Carr, 
1956), embryonal nephroma, Wilm’s tumor, 
nephroblastoma (Isbiguro el al, 1962; 
Walter et al., 1962). 

TTie addition of this tumor as a patfio- 
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logic entity to the a\ian leukosis complex 
has been mentioned in the historical part. 
Although ahvajs considered rare, this tu- 
mor is now found routinely in birds sub- 
jected to condemnation on die processing 
line, according to C. S. McKee (Northeast- 
ern Asian Diseases Conference, 1963). 

Gross focal tumors in the kidney may 
suggest such a di.ignosis which must be ver- 
ified histologically The microscopic pic- 
ture satics widely from simple hyperplastic 
tubules and attempts to form glomeruli 
(Fig. 19.23) to frank sarcomatous stroma. 
There may be islands of cartilaginous, os- 
teoid tissue and epithelial pearls, alt of 
which gise the impression of a teratoid 
tumor. Metastases in field specimens are 
rare. 

In uncomplicated eases the blood picture 
is normal. Histologic examination permits 
dilfcrential diagnosis from other condi- 
tions causing enlargement of the kidneys, 
such as >isceral ])-mphomatosts and uric 
nephritis. 

ERYTHROBUSTOStS 

Synonyms. Severe anemia, "lighC’ intra- 
vascular l)mphoid leukosis (EUermann, 
1921), oligocryihrocyihacmia or cryihro- 
myelosis (Dayon. 1929, 1930), crythro- 

leuLoiis (Cllcrmann, 1923 and Furth. 
1931b), Leukomyclose (Kitt, 1931). the 
erythroblastic fonii of transmissible fowl 
leukosis (Olson, 195G), erythroblastosis 
(Engclbrcth-IIoIm and Rotbe-Mcycr. 
1932). 

F'oltowing the initial report by Ellcr- 
mann and Bang in 1903 and subscqucni 
studies (1921, 1923) on the experimental 
production of fowl leukemia by parenteral 
transmission of blood or blcx^-forming 
tissues, only Sthmeisser (1915) repotted 
on the successful transmission of a spon- 
taneous case. As doubts had Uius arisen in 
regard to the transmissibiliiy of fowl leu- 
kosis, Jirmai (1930) and Furth (I93ia) 
independently developed new uarumtssible 
strains of fowl leukosis which prosed to be 
of die rryihroblastic and eryiluogranulo- 
blasiic type, tcspealwly. These tesulu 
S.CTC soon conUrmed by Engclbrcth-Holm 


(1931) in Denmark, and Oberling et of. 
(1933) in France, and others. From the 
pathologic standpoint most investigators 
reotgnized an erythroblastic and a granu- 
loblastic (myeloid) type. Since both of 
them occurred in subpassages either alone 
or leather, irrespective of the disease in 
the donor, tliey were considered to be due 
to the same ctiologic agent. 

In transmission experiments on erythro- 
leukosis, EUermann (1923) observed 
severe cases of anemia and regarded them 
as hyperacute aleukemic expressions of the 
disease. Severe spontaneous anemia of 
fowl associated with lipocliromatosis was 
considered to be different from Eller- 
mann’s erythroleukosis by Bedson and 
Knight (1924). By transmission of such 
oscs, however, Stubbs and Furth (1932) 
were able to show their close relationship 
to erythroleukosis, Therefore, most invest!- 
gaton recognize that erythroblastosis may 
occur in a leukemic and an anemic sub- 
variety (Olson, 1940). 

Occurrence. In contrast to the amount 
of experimental work that has been con- 
ducted with it. eryUiroblastosis is of com- 
paratively rare sporadic occurrence under 
field conditions. It is known to affect all 
standard breeds and occurs primarily af- 
ter Uic age of six months (Olson, 1936). 
A notable exception is tlie report of Ham- 
ilton and Sawyer (1939), who observed 
the disease in fivc-wcck-old birds on an 
cpiotnilhic scale. 

Symptomatology. 4Vhilc birds in tlie 
early stages of erythroblastosis appear nor- 
mal, within a short lime the disease mani- 
fests itself by paleness or by a yellowish 
color of the unfeathered parts of the body, 
and by stupor and diarrhea; there is usu- 
ally emaciation and loss of egg production. 
Unconuollable bleeding from feather fol- 
liclcx has been observed at times. The 
anemic subvariety ukes a chronic course 
over a period of several months. 

Pathology. The carcass may be cmadaied, 
at umes obese. Although the tissues appear 
pMe. there arc often petechial bemor- 
ftoges m various places such as the mucosa 
ol the small intcsUnc, under the liver 
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these cells, the nucleus of erythrogonia 
stains a peculiar violet-red (in Wright- 
Gierasa preparations), and appears either 
homogeneous or diffusely punctate. Bi- 
nucleated and mitotic figures occur among 
them. The cytoplasm appears narrow, 
basophilic, and occasionally vacuolated 
(colored illustrations, Furth, i931b, and 
Oberling and Guerin, 1934). There is 
often an intense thrombocytopenia (Feld- 
man and Olson, 1933), which may be due 
to a concomitant proliferation of the cor- 
responding immature precursors, a throm- 
boblastosis (Ishitani, 1957). The number 
of polychrome erythrocytes is compara- 
tively small. This is in contrast to the situ- 
ation in secondary anemias — which may 
ocair spontaneously or be induced by re- 
peated bleeding or by certain chemicals — 
in which polychrome erythrocytes together 
with anisocytosis and poikilocytosis domi- 
nate the blood picture (Furth, I9$lb). 

Differential diagnosis. The danger lies 
not so much in mistaking erythroblastosis 
for another disease as in not suspecting it 
if it is present in an atypical or chronic 
form. Confirmation of the diagnosis must 
rest upon hematologic and histologic 
studies. 

MYELOBLASTOSIS 

Synonyms. Leukemic myeloid or myeloiic 
leukosis (Ellcrmann, 1922), Leukomyelose 
(Kitt, 1931), Icucocythemia or leucomye- 
losis (Bayon, 1930), leukemic myeloblas- 
tosis (Nyfeldt, 1934), the granuloblastic 
form of transmissible fowl leukosis (Olson, 
1936), granuloblastosis (Jungherr et al., 
1941), myeloblastosis (Eckert et al., 1951), 
diffuse myeloid leukosis (Darcel, 1957). 

As has been emphasized by Fn-th 
(1934), the description of leukemic and 
aleukemic types of myeloid leukosis by 
Ellermann (1920) comprised two patho- 
logically different conditions, namely 
myeloblastomatosis, which is identical 
with myeloblastosis, and myelocytomatosis. 
Aside from this, the historical development 
of available knowledge on myeloblastosis 
and erythroblastosis has been much the 
same, due to tendency of these diseases to 


occur in a mixed form (Furth, 1931a). 
Nyfeldt (1934) claimed to have observed 
a pure strain producing only myeloblas- 
tosis. The development of a pure strain 
(BAI-A) of myeloblastosis (Beard, 1956), al- 
though later shown to have multiple cell 
responses, has been mentioned in the his- 
torical part. 

Occurrence and symptomatology. There 
are no essential differences between myelo- 
blastosis and erythroblastosis. Bayon 
(1930) believes that the former occurs 
mostly in old hens. 

Pathology. In distinction from erythro- 
blastosis, the disease has a tendency to 
bring about grayish mottling of the en- 
larged parenchymatous organs; the bone 
marrow appe.irs "pale or pink and dif- 
fluent" (Bayon, 1930). The liver may 
have a granular or ‘‘raorocco-lcather" ap- 
pearance (Chubb and Gordon, 1957). 
Otherwise, the anatomic changes are those 
described under erythroblastosis. Gross 
differential diagnosis between the two 
types is usually not possible (Olson, 1936). 
The histopathology of predominantly 
myeloblasiic cases shows massive accumu- 
lation in the parenchymatous tissues of 
large myeloblastic and promyelocytic ele- 
ments which are essentially extravascular, 
but overflow into the blood channels. 
There is therefore marked infiltration and 
substitution of the original tissues by the 
pathologic cells, in distinction from the 
fairly uniform intravascular leukostasis in 
erythroblastosis. 

In the spleen the early changes seem to 
begin in the reticular stroma of the red 
pulp. The bone marrow shows intense 
myeloblastic activity in the extrasinusoidal 
areas, an observation which is particularly 
useful in pathogenetic studies. As may be 
surmised, the respective pathologic and 
hematologic features of erythro- and mye- 
loblastosis show considerable overlapping 
in the mixed form. 

La^rlof and Sundelin (1963a) studied 
Ae histogenesis of the induced disease and 
found it to be similar to that of erythro- 
blastosis (Ponton and Thorell, 1957) in 
that the bone marrow was attacked within 
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MYEIOCYTOMATOSIS 

Synon)ins. Aleukemic myeloid leukosis 
(Ellermann, 1920), leukochloroma (Math- 
ews, 1929), rayelocyioma (Pentimalli, 
1915: Feldman, 1932), rayelocytomalosis 
(Furth, 1933), aleukemic myeloblastosis 
(Nyfeldt, 1934), myeloma, discrete myeloid 
leukosis (Darcel, 1957). 

While it is difficult to state the exact 
nature of tlie disease desaibed by Eller- 
raann as aleukemic myelosis, Pentimalli 
(1915) first recognized the distinctive 
character of the tumor found in this dis- 
ease, svhich Mathews (1929) desaibed as 
an essentially aleukemic neoplasia. In 
passage experiments of lymphomatosis 
(strain 2) Furth (1933) observed leu- 
kemic cases of myelocjtomatosis and con- 
sidered botli to be pathologic expressions 
of tlie same agent. “Pure" transmissible 
strains, with the possible exception of 
N^feldt's strain (1934), have apparently 
not been desaibed in the literature. Ac- 
cording to the available experimental evi- 
dence, m)eloc)tomaiosi$ is ilius related to 
^mphomatosis, while everyday pathologic 
experience tends to place it doser to the 
ordinary tumors. 

Occurrence and symptomatology. Spo- 
radic cases are apt to occur in young adult 
birds, some of which are seen in Hocks 
that do not show any ocher pathologic 
csidcnce of the avian leukosis complex. 
The clinical appearance is nonconUibu- 
tory to the diagnosis. 

Pathology. Myelocytomatosis ebaraaer- 
istically forms tumors which figure among 
the few asian representatives which can 
be recognized on gross examination with 
some degree of certainly. The new growths 
are a yelloivish-white color, resemble con- 
gealed aeam in appearance and a>nsis- 
tency, and are often of multiple anatomic 
origin. The masses may be found in the 
musde tissue and visceral organs, and e$- 
pedally along the ribs or otha paru of 
the skeleton bordering the body cavities, 
and may exert pressure on the spinal cord. 

Histologically, the tumors consist of 
compact masses of myclocjtes which arc 
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strikingly uniform in appearance and have 
the typical full acidophile granulation of 
either the mature eosinophil or the hetero- 
phiL The stroma is very scanty. In certain 
parenchymatous organs, such as the kid- 
neys, the tumors show infiltrative growth. 
The bone marrow, as a rule, exhibiu mye- 
locytic hyperplasia. The type cell is ordi- 
narily round, but may appear fusiform in 
areas subject to pressure. 

Hematology. Uncomplicated cases are 
usually aleukemic, although there may be 
a heterophile leukocytosis. If definite leu- 
kemic blood involvement occurs, the hema- 
tologic picture is dominated by the ap- 
pearance of polychrome myelocytes and 
acidophilic metamyelocytes. 

ETIOLOGY 

Discussion of the ctiologic aspects of the 
avian leukosis complex presents difficulties 
which are brought about by the lack of 
definite information on the causal relation- 
ship of the various forms of tumor and the 
relationship of the known agents to tumor 
induaion. As is expected with a disease 
of almost universal occurrence and obscure 
etiology, the literature contains a wide 
variety of suggested causes. Some points 
are of more or less general applicability. 

Most observers are in agreement with 
the opinion of the early investigators 
(Marek. 1907; Pappenheimer et ah, 1926; 
Ellermann and Bang, 1908) that the con- 
dition is not caused by a cultivable organ- 
ism of bacterial or fungal nature. Gray 
(1938) sometimes isolated Coccaceae from 
affected nerves. 

On the evidence that field cases of fowl 
paralysis and allied conditions occur fre- 
quently in association with coccidiosis or 
helminthiasis, some students believe that 
parasitic conditions act as predisposing, 
precipitating, or even causal factors. Bayon 
(1930), for instance, observed Davainea 
pToglollina infection in erythroblastosis 
and severe anemia, and considered it to be 
a contributory factor, while Stubbs and 
Furth (1932), studying the same disease, 
failed to observe this association. The fact 
that typical cases of the various diseases 



chapter 19: 

o£ this group have (War- 

a synergistic concept in j ^956) 

the avian leukosis comp ' , -^Hy cor- 
believed cases which be 

respond to neural diag- 

amally related m “J"' eominue fo 

noslicians observing fiel coccidia 

suggest some P"‘ 

and leukosis, however, ^ must re- 
disposing and “SS^'' ^ be attached on 
main open and should be« be 
an experimental rather than a sta 
basis. 


ISIS. ..rp iiudied 

Some nutritional aspects e e^ 

by Wildte ah'? “Xences in ’he in- 

(ound no significant dlite rations 

cidence of lowl paralJt'V*en the ra^^^^ 

varied in mineral and ^ijjase in 

Mount (19S2) i"‘«P'=“^ * or. more 

terms of a I!-l'yP«n'ttan'‘"f”’ ^rib o„ 

generally, of a Sath<>"?“'' y curative 

The basis of observing 

caecls from the feeding o ; eidence of 

19S2), or a tlferease in Me 1 

tile Icuhotic diseases folio S .oyBer and 

oE additional wheat germ 

Wamn, 1938-, ‘fS'th" esicd the 

land, 1938), some b.poviia- 

possibilily of an “"derll^ng^ 

rainosis; the lalier con jj^entation 

be supported by ctUica P p^Oroc. 

(jungherr, 1910; i,os>evcr. 

1939). Adaimionc y->^ >• ..K.„,pho- 

claimed to have pro u reared 

blasloma’Mikc condition 1^^ 

on a diet which had , destroy- 

ferric ddotide for ihc purpo 
ing viumin ^ jicd the cl 

Biely and Marcli (l9aJ) » leukosis 
feci of nuuiiion on i'\-v,ens. 2 

monaliiy in i strains In all 

vihith were considered ^ ol luinor* 

t of .he slraini. die biiwd and 

\»as lowest m ihoic ^ nowiiio** ** 
maiiiuincd on a low p ai ^ Ijlph 

compared with the «!. (1962) 

plane of imiriuon. ^ Hxcr oil w 

found one particular lot o . -jolujinaion* 
inacase ihc incidence of 


the avian lEUKOSIS COMPIEX 547 

irrdneed by exposnra -0 tav d°t“ 
terial m high doses " Silmonella 

Nonspedfle faetorsjuch 

loxin,. ion, etc, have been 

ficicncics. po n939) to be the basic 

eiemied byEmineMmn. the avun 
pincess McIntosh and Selbic 

leuWnsis comp ex. filterable 

(1939) believed they P mr. but 

lumois in fowls hy ^ end Sturm 
extended tthti'" recently by Crispins 
(1941a, b) and more J ,^,oiots have 
(19C0) on J„urmusibiUly of cell- 

tailed to rransmitsioneontinnei 

tree materials. Sticfl 

,o be desttthed hut rubsequent 

Stances where co oui. 

eirus of rnistanie and sus- 

Tbe h"“’y''’'b°rom tumors Has been 

opinion that th nrotseny honi certain 

jSswin higher . end Didy 

strains of 10 I jjjy [ou„d d let 

(1932) and Biely « » I , paralysis, 
'ences in .be e anc' t^ ^ j 

„hid. *'y 'r. Unit (1939) and hi. 

„a„t ■"h'^^rr ed rc.luc.ion from 15 
arsoaalc (»'*> ^It mor.alhy due lo ncix 
in 5 per cent m ann ^ b,,orl. 

plaitic diseases Cole (1911) de- 

fng Lralmtn tesinaot and lus- 

relopeJ '^hd' ^ artiSdally irammiin- 

ccpllble err, 1957). but found 

ble sa.cnma .poiiianeon. 

rbey s'.,»'''d "» dide 1„ due to 

S"r"reslsun.tninf«.^^;;;'-,,Vn‘iM 

siliancc lo one to ncopU““^ 

M /nf,o‘,w“en"”- "he--' 

l^^ili^Sldh^ndattu..— 



548 ERW/N JUNGHERR and WAITER F. HUGHES 


jion >ia tlie cgs of the causative agent, ma- 
ternal antilx5<Iies. or both. S)stcmatic 
studies base been undertaken to elucidate 
Uic genetic factors v,hicli gosern resistance 
and susceptibility to lymphomatosis. By 
progeny-test selection oscr a period of 
eight years, Taylor el ol. (1913) observed 
significant diilerences m lire incidence of 
the disease bctsscen resistant and suscep 
tible lines, but could not attribute them 
to sex-linked genes or to predominantly 
egg-bomc transmission Tlie method ol 
selection svas behesed to create a useful 
degree of relative resistance to lympho- 
matosis. On tire basis of five years of se- 
lective breeding under conditions of rigid 
quarantine, Waters (1915b) demonstrated 
definittf segregation of genes for resistance 
and susceptibility to lymphomatosis and 
emphasized the progressive nature of the 
process in contrast to previous vs-orkers 
vsliQ rarely adiicvcd reduction of the dis- 
ease below the initial percentage incidence. 
Differences betvsccn tvso sires became ap 
parent vshen both were mated to the same 
dam (Waters, 1915c). 

Burmester <t al. (19G0c), in reporting on 
many years' study stiih the highly inbred 
strains of diickcns and RPL-12 and Rous 
sarcoma virus, stated that the several lines 
rcs{>ondcd very dillcrciuly to exposure to 
the viruses and that certain of the inbred 
lines responded dificiently to Uie tv»o vi- 
ruses. Waters and Burmester (1961) pre- 
sented evidence that in the inbred RPL 
chickens, susceptibility to intracerebral 
inoculation with Rous sarcoma virus is 
dominant to resistance and is dependent 
for expression on a single pair of auicv 
somal genes. 

Work with open-bred stocks docs not 
suggest a simple genetic relationship be- 
ivicen tumor resistance and susceptibilitv 
In testing tlic resistance and susceptibilUy 
by artificial cxjwsure, DcOme (1913) found 
iniraperiloneal injections of lymphomaious 
nerse tissue to cause a more or less parallel 
increase of the incidence in both the high 
and low lines lleisdorf el a!. (1917). failed 
to dillcTcntiaie between resistant and sus- 
ccpiiblc tines using iniraperitoncal injec- 


tion of tumorous materials, but obtained 
significant differences by exposure in the 
mouth, eyes, or nostrils. This technique 
failed to increase the incidence of clinical 
signs in commercial breeding birds suf- 
ficiently to make selection more effective. 

On the other hand, Carson (1951) ex- 
posed chickens from known resistant and 
susceptible lines for avian leukoses to 
various viral, bacterial, and protozoal 
agents without observing a consistent cor- 
relation between the genetic constitution 
for neoplastic and infectious diseases. On 
the basis of nine years’ data. Waters (1951) 
reported an over-all increase of mortality 
from lymphomatosis in lines especially 
selected for susceptibility to this disease, 
but did not consider such susceptibility or 
resistance a fixed genetic character. 
Nforialtiy from other causes failed to show 
a corresponding inaease by his analysis, 
contrary to the results of Oakberg and 
Lucas (1919a, b, 1950) on essentially the 
same material. 

Dr. F B. Hurt established a long-term 
leukosis project in 1935 which included the 
development of resistant and susceptible 
lines. In papers published in 1954 and 
1955, Hull and Cole pointed out the dif- 
ficulties of providing a standard exposure 
year afuT year, particularly of maintaining 
susceptible populations, and suggested ex- 
posing only portions of families in order to 
have samples of the most susceptible fami- 
lies available for breeding purposes. 

In a summary of their work presented by 
Cole (1962) at the Avian Leukosis Confer- 
ence, it was reported that for unknown 
reasons, the level of mortality had de- 
creased in the susceptible strains. Their 
results over the years have been consistent 
VvUh the hypothesis that resistance in the 
strains depends upon many genes. In 1951. 
samples of line 15 susceptible chicks from 
East Lansing Laboratory were hatched and 
raised with the Cornell resistant and sus- 
ceptible lines. .\fortaIiiy in the Cornell 
susceptible lines was approximately 50 per 
cent whereas moruHty in the RPL sus- 
ceptible line 15 and Cornell resistant 
strains vv'as on the order of I to 4 per cent. 
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low concentration o£ virus particles awaits 
further study. , . 

By contrast the virus of myeloblastosis 
produces recognizable hematologic changes 
within 9 days and deatli on the average 
in 17 days. It has pronounced capacity to 
dephosphorylate adenosine triphosphate 
and a strong Forssman antigen. It is 
readily precipitable by homologous anti- 
serum, and is usually present in liigh con- 
centration. 

According to Eckert et al. (1963) the my- 
eloblastosis virus resembles in size and 
chemical composition the myxoviruses. 
The shape of the virus particle is generally 
believed to be spheroid, but there is a cer- 
tain percentage of phagelike tailed parti- 
cles, according to Bartl el al. (1963). 

The characterization of die virus of 
lymphomatosis is less complete. Burmester 
and Gentry (1936) observed that RPL-12 
filtrates, originally obtained from the Ol- 
son (1941) tumor caused "intravascular" 
lymphomatosis (morphologically indis- 
tinguishable from erythroblastosis), with 
an incubation period of less than 4 months, 
if given in high doses: and "extravascular" 
lymphomatosis, with an incubation period 
up to 9 months, if given in low doses. Both 
pathologic conditions were accompanied 
by the occasional occurrence of osteope- 
trosis, and rare fibrosarcomas and endo- 
theliomas (Burmester, (1957a). In further 
studies (1957b) the properties of RPL-12 
proved to be similar to those of lympho- 
matosis agents obtained from embryonated 
eggs, incubator debris, and oral, tracheal, 
and fecal washings. The RPL-12 filtrates 
could be neutralized not only by homolo- 
gous antiserum, but also by that of known 
crythro- and myeloblastosis, Rous sarcoma, 
and spontaneous visceral lymphomatosis 
cases. The question of the etioli^ic unity 
of the three main pathologic entities, 
namely erythroblastosis, myeloblastosis, 
and osteopetrosis, was left undecided. The 
positive adenosine triphosphate activity of 
spontaneous lymphomatosis, reported by 
Leshcr and Burmester (1955), would be 
at variance with that of known erythro- 


blastosis (Bonar et al., 1957). Furthermore, 
on the basis of cytologic studies, Darcel 
and Negroni (quoted by Chubb and Gor- 
don. 1957) are inclined to view the con- 
ditions produced by RPL-12 as aleukemic 
variants of erythroblastosis. 

In more recent work, Burmester el al. 
(1959b) reported that erythroblastosis arid 
myeloblastosis viruses administered in 
doses allowing survival of the immediate 
effects of these diseases produced lympho- 
matosis and other tumors including osteo- 
petrosis and renal tumors. This paper has 
not resolved the question of the relation- 
ship between tumor viruses, since mixtures 
of viruses could have occurred. 

In a series of papers, the East Lansing 
workers (Gross et al, 1959; Burmester et 
al, 1959a, 1960a) desaibe the pathogenic- 
ity of RPL-12 virus and its relationship to 
the host. The lesions produced are eryth- 
roblastosis, visceral lymphomatosis, osteo- 
petrosis. and hemangiomatosis. The level 
of infective virus applied had a marked ef- 
fect on the type of neoplasm which_ devel- 
oped, with erylhroblastosis predominating 
at high levels of virus and lymphomatosis 
at low levels. In relationship to the age of 
the host, sensitivity to intravenous inocula- 
tions started decreasing when chicks were 
about 3 weeks of age and continued to de- 
crease to about 12 weeks. By the oral route, 
sensitivity decreased very sharply during 
the first 3 weeks and decreased more slowly 
beyond that age. 

The use of Rous sarcoma virus in tumor 
investigations has been increasing. 
mester et al (1960b) reported the first re- 
corded transmission of Rous sarcoma un- 
der conditions of direct bird-to-bird con- 
tact which resulted in the development of 
Rous sarcomas in the contact birds. lo 
further work, Burmester and Walter 
(1961) reported the occurrence of visceral 
lymphomatosis in chickens inoculated with 
dilute preparations of Rous sarcoma virus 
which survived to the age at which visceral 
leukosis occurs. 

The complicated serologic interrelation- 
ships— based on virus neutralization tests 
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m VIVO — of ihe three recognized avian 
leukoses and Fujinami sarcomas, to Rous 
sarcoma, were summarized and dia- 
grammed by Beard (1957a). The relation- 
ships varied from complete mirror neu- 
tralization between myeloblastosis and 
Rous sarcoma to partial or unilateral re- 
actions. Each virus was shown to have a 
species-specific and a host-specific antigenic 
component. Beard (1957a) believed the 
three leukosis agents to constitute biologic 
entities of a large, closely related family 
of viruses which may also be responsible 
for virus-induced avian sarcomas. He 
speculated that these entities could be 
mutants of a stem virus, with conugious 
lymphomatosis providing the mode for 
perpetuation in naiurc- 

From the beginning, leukosis investiga- 
Uons have been handicapped by a lack of 
suitable means for detection of the causa- 
tive agents. KIssling (1947) described a 
slide leukoagglutlnation test with forma- 
linized lymphocytes from chickens or var- 
ious mammals (except oxen) for the diag- 
nosis of avian lymphomatosis and be- 
lieved the test to be primarily tissue- and 
not tumor-specific. Darcel (1950) found 
good correlation of this test with severely 
affected birds, only slight correlation with 
clinically "normal’' birds, but inconsist- 
encies in consecutive etaminations. The 
potentialities of the phosphatase activity 
test (Leshcr and Burmcstcr, 1955; Anony- 
mous, 1955) have not been explored suf- 
ficiently for practical purposes. A report 
of the United Slates Bureau of Animal In- 
dustry Regional Poultry Rescarcli Labora- 
tory (1951) concluded that the only known 
method for demonstrating die lymphoma- 
tosis agent was the inoculation of suscep 
tible chickens. 

Kenzy (1953) described the technique for 
detcaing aniilradies to Rous sarcoma. Tlie 
technique utilized in vitro incubation of 
unknown sera with known quantities of 
Rous virus and subsequent inoculation 
into chicks. The test was intcipf««f on 
the basis of the number and virulence of 
tumors developing in die inoculated 


chicks. A subsequent paper (Kenzy and 
Neuzil, 1955) reported high percentages 
of sera containing Rous neutralizing anti- 
bodies from flocks with high losses from 
leukosis and lower levels of Rous neu- 
tralizing antibodies in birds which were 
grossly and microscopically normal. 

Rubin, who had developed a tissue cul- 
ture assay technique for Rous sarcoma 
virus, reported (1960) the presence of a 
virus in chicken embryos whidi induced 
resistance in tissue culture to superinfec- 
tion with Rous sarcoma virus. The virus 
was shown to be associated with leukosis 
and related antjgenically to RPL-12. The 
technique was developed into a test for 
the virus and it was shown that antibody 
to the resistance-inducing factor (RIF) was 
very closely related to Rous virus anti- 
genically so that direct Rous neutraliza- 
tion tests were an excellent measure of the 
leukosis virus antibody. Epidemiologic 
studies (Rubin et ek, 1961) using these 
tests showed that congenital transmission 
of the virus was lery frequent in the pop- 
ulation under study, that passive immunity 
was effective in delaying contact infection 
until chicks were about 6 weeks of age, and 
that spread of the virus continued until all 
birds in contact were infected. 

Rubin has continued his studies with 
Rous sarcoma virus. Of possible signifi- 
cance in the study of leukosis is his detec- 
tion of a second virus in standard stocks of 
Rous soicomi (Rubin and Vogt, 19G2) and 
the fater demonstration by Hanaiiisa et at'. 
(1965) that Rous sarcoma is defective and 
requires a helper virus, presumably one of 
the resistance-inducing group, to complete 
its biologic cycle. 

Sevoian et al. in a series of papers (1962, 
i903a. and 1963b) described an agent caus- 
ing neural and visceral lymphomatosis. 
This virus, labeled JAf, produces lesions 
in a relatively short time after infection, 2 
to 5 weeks, in the nerves and particularly 
Uie gonads as well as other viKcral organs. 
Neuni IciioiiJ tend to predoroinalc in 
young birds and visceral lesions in older 
birds, duplicating in part field eases of 
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Ijniphomaloiii. ThE agent was shown to 
be ttanstniltfJ sia the airborne routt 
The only test for the virus currently avail- 
able is the inoculation ol susceptible 
thicks. . 

Present csidcnce suggests that JaM virus 
and the resistance-inducing leukosis viruses 
ate unrelated. Calnct (1963) has slated 
lhat he belies es the JM virus does not in- 
duce resistance to Rous virus. Bunnester 
has presided esidence that RPL-12 is not 
spread by the air-borne route and obsersa- 
tion resulting from Rubin's studies svould 
supiwn this obsers-ation, svhercas the JM 
sirus has been demonstrated to be infec- 
tious by the air-borne route. Confinaaiory 
esidence must await new means of assay of 
the JM sirus. 

Most European inscstigaton have scji- 
aralcd the leukosis complex into lymphoid, 
myeloid and crythroleukosis, and Marek’s 
disease. Campbell (1961) has proposed a 
classification system for these diseases. 
Biggs (1061) concluded that the cells from 
Maiek's disease could not be differentiated 
histologically from those of lymphoid leu- 
kosis on histopathologic grounds alone. 
He rejsorted that there may be a dtlfcrence 
in the rompctcnce of cells in cell suspen- 
sions. ssilh those from Marek's disease re- 
taining their competence and those from 
RPL'12 lymphoid tumors showing no 
competence in the graft against host reac- 
tion in chicken embryos 

The status of information about Marek's 
disease docs not allow any dcterminaiion 
as to its relation with JM sirus, though it 
seems likely that it can be differentiated 
from the RPL-12 tyjie siruscs. 

The Rous resistance-inducing test pro- 
sides the first useful in vitro test for the 
detection of a leukosis sirus and its anti- 
body. Of foremost interest are tests to de- 
lect siruses of the Marek and JM types and 
a simpler test for resistance-inducing si- 
ruses. 


ublishcd the mode of transmission of the 
resistance-inducing leukosis viruses. The 
literature, as indicated in the follosvmg 
discussion, points up the serious difficulty 
im-cstigators tlirough the years have en- 
countered in studying leukosis. One of 
the most confusing problems in determin- 
ing the method of transmission of infec- 
tion has been that the gross manifestation 
of disease (the tumor) is not an invariable 
consequent of infection with the virus. 

The earlier contentions of Doyle (1928) 
and McGaughey and Downie (1930) on 
Uic transmission of fosvl paralysis through 
the egg did not find support in direct 
embryo inoculation experiments with this 
disease by ^fcLe^nan (1935) or with 
crythroleukosis by Jdrmai (1933). Gibbs 
and Johnson (1935) claimed to have 
obsened the characteristic pathologic cells 
of ncurolymphomatosis in the follicular 
or seminal fluid of affected birds, while 
Storti and Meztadra (1938) observed sur- 
vival but not multiplication of the leu- 
kosis virus in 4-day-old chicken embryos. 
Van den Berghe and d’Ursel (1939) ap- 
parently transmitted tlie leukosis agent to 
cliickcn embryos, and Pollard and Hall 
(1941) to embryos of other avian species. 
Extensive breeding experiments by Lee 
and Wilcke (1911) indicated that the in- 
cidence of the leukosis complex is much 
higher in the progeny from iritis-affected 
birds than from normal birds, especially 
if either the female or both parents were 
affected. Carrying on a similar breeding 
experiment, Durant and McDougle (1939) 
and Lee and Wilcke (1941) were able to 
demonstrate the agent of fowl paralysis in 
the blood of recently hatched normal 
chicks. A well-planned, practical trans- 
mission experiment with neural lyTnph<> 
maiosis by Cordon et al. (1955) suggested 
spread by contact, but the possibility of 
transmission via the egg could not be 
ruled ouL 


TRANSMISSION 

Tlie investigations of Burmester and the 
Regional Poultry I.aboraiory staff and of 
Rubin rt al. (1961) have scry definitely es- 


Waicrs {1915a) pointed out the im- 
portance of the egg as a carrier, since 
simple importation of hatching eggs into 
an entirely new isolated poultry plant re- 
sulted in the spontaneous appearance of 
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Ivninhomatosis. The agent vas shown to 
be uansniiited %ia the air-borne routt 
The only lest for the virus currently avail- 
able is ilie inoculation of susceptible 
chichs. ,,, . 

Present evidence suggests that JM virus 
and the resistance-inducing kuhosis viruses 
arc unrchlcA Calnct (19G3) has slated 
that he bclicses the JM virus docs not in- 
duce resistance to Rous \irus. Bunnester 
has prosideil esidence that RPL-12 is not 
spread by the air-borne route and observa- 
tion resulting from Rubin’s studies would 
support this observation, whereas the JM 
virus has been demonstrated to be infec- 
tious by the air-borne route. Confirmaiory 
evidence must await new means of assay of 
the JM virus. 

Most European investigators have sep- 
arated the leukosis complex into lymphoid, 
rajcloid and cr^throlcukosis. and Marek’s 
disease. Campbell (1961) has proposed a 
classification s)stem (or these diseases. 
Biggs (1961) concluded that the cells from 
^tarek’s disease could not be didcremiated 
hisiologicallv from those of Iv-mphoid leu- 
kosis on histopathologic grounds alone. 
He rc;x>rtcd that there may be a difference 
in the competence of cells in celt suspen- 
sions, with those from Marek’s disease re- 
taining their conipcicncc and those from 
RPL-12 Ivmphoid tumors showing no 
coin]>cicncc in the graft against host reac- 
tion in chicken embryos 

The status of information about Marek's 
disease docs not allow anv determination 
as to its relation with JM virus, though it 
vccins likely (hat it ran be dilfcrcntiatcd 
frtiin ilic RPL-12 i>pe viruses. 

The Rous resistance-inducing test pro- 
vides the first useful in vitro test for the 
detection of a leukosis virus and its anli- 
borly. Of foremost interest arc tests to de- 
tect V iiuscs of ilic Marck and JM types and 
a simpler test for rcsistance-indudng vi- 
ruses. 

TRANSMISSION 

The investigations of Burmester and the 
Regional Poultry Laboratory stall and of 
Rubin et al. (1961) have very definitely es- 
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ublishcd the mode o£ transmission o£ *e 
rcsiswnce-inducing leukosis viruses. The 
literature, as indicated in the following 
discussion, points up the serious difficulty 
investigators through the years have en- 
countered in studying leukosis. One ol 
the most confusing problems in determin- 
ing the method of transmission of infec- 
tion has been that the gross mariifestation 
of disease (the tumor) is not an invariable 
consequence of infection with the virus. 

The earlier contentions of Doyle (1928) 
and McGaughey and Downie (1930) on 
the transmission of fowl paralysis^ through 
the did not find support in direct 
embryo inoculation experiments with this 
by McLennan (1935) or with 
erythroleukosu by Jarmai (1933). Gibbs 
and Johnson (1935) claimed to have 
observed the characteristic pathologic cells 
of ncurolymphomaiosis in the follicular 
or seminal fluid of affected birds, while 
Storti and Mezzadra (1938) observed sur- 
vival but not multiplication of the leu- 
kosis virus in 4-day old chicken embryos. 
Van den Berghe and d’Ursel (1939) ap* 
parently transmitted the leukosis agent to 
chicken embryos, and Pollard and Hall 
(19-H) to embryos of other avian species. 
Extensive breeding experiments by 
and Wilcke (1941) indicated that the m- 
cidence of tlie leukosis complex is much 
higher in the progeny from iritis-affected 
birds than from normal birds, especially 
if either the female or both parents were 
affected. Carrying on a similar breeding 
experiment, Durant and McDougle (1959) 
and Lee and ^Vilcke (1941) were able to 
demonstrate the agent of fowl paralysis in 
the blood of recently hatched normal 
chicks. A well-planned, practical trans- 
mission experiment with neural lympho- 
matosis by Cordon et al. (1955) su^ested 
spread by contact, but the possibility of 
transmission via the egg could not be 
ruled out. 

Waters (1945a) pointed out the im- 
portance of the egg as a carrier, since 
simple importation of hatching eggs into 
an entirely new isolated poultry plant re- 
sulted in Uie spontaneous appearance o 
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be remembered that temporary remissions 
of the clinical signs may occur spon- 
taneously. 

TVith the new recognition of the role of 
the bursa of Fabricius in leukemogenesis, 
reduction of its influence on the incidence 
of lymphomatosis has been approached ex- 
perimentally in two ways; dipping of eggs 
in testosterone propionate by Click (1963), 
and bursectomy before the age of one 
month by Peterson et al. (1963). 

In vaccination attempts for the preven- 
tion of the avian leukosis complex, 
Fritzsche (1938) failed to immunize birds 
against fowl paralysis with formol-treated 
tissue vaccine. Uhl (1938) secured some 
degree of immunity against erythrogranu- 
loblastosis with aluminum hydroxide- 
adsorbed tissues. Johnson (1945) tried out 
several types of vaccines with inconclusive 
results. The demonstrated oncolytic action 
of certain neurotropic viruses on avian 
lymphoid tumors is of interest (Sharpless 
et ait 1950). The first tangible results were 
obtained by Burroester et al. (1957) who 
found that various types of vaaines, ex- 
cept heat-killed ones, repeatedly adminis- 
tered to chickens under one year of age. 
conferred a substantial immunity to their 
progeny. This ivork tvas of major conse- 
quence because it established the fact that 
the well-known principle of passive im- 
munity held for visceral lymphomatosis. 
A concomitant reduction in the incidence 
of osteopetrosis was of taxonomic interest. 
At present the practical expectations from 
this work should be tempered. 

Although an absolute control program 
for the avian leukosis complex cannot be 
suggested, there are two major avenues of 
approach, namely by breeding for resist- 
ance and by sanitation. In view of the 
pathologic and apparent etiologic diver- 
sity of the disease group, the effectiteness 
of a control program ivill vary svith the 
prevalence of Uie respective forms. Titus; 
of die most common ones, neural lympho- 
matosis seems to respond more to selection, 
visceral lymphomatosis to sanitation. That 
there are puzzling failures is indicated by 
the reported increased incidence of vis- 


ceral lymphomatosis even in broiler flocks 
(Benton and Cover, 1957; Benton et at., 
1962), and turkeys (Simpson et at., 1957). 

White the interaction of heredity and 
infectious agents in the environment, 
starting with the formation of the e^, is 
not fully understood, a disease complex 
estimated to cause losses in the United 
States of 51,000,000 per week (Hutt, 1944) 
calls for the intelligent application of all 
available facts. 

In general, birds showing clinical evi- 
dence of the avian leukosis complex, in- 
cluding true ocular lymphomatosis, should 
be consistently culled. Frequent laboratory 
checkups on the causes of mortality are 
advisable. 

1. By systematic selection of the progeny 
for resistance to lymphomatosis, it is pos- 
sible to obtain relatively resistant strains 
of birds (Taylor et al, 1943). In this it is 
preferable to choose breeders whose broth- 
ers and sisters have shown the lowest inci- 
dence of the avian leukosis complex 
(Gildow el at., 1940). Insofar as is known, 
the progeny of resistant stock remains fully 
susceptible (Blakemore, 1939). A selective 
breeding program for general livability 
also tends to decrease the incidence of 
avian leukoiic diseases, according to Bry- 
ant and Johnson (1944). Under practical 
conditions, breeding from the survivon of 
natural selection and especially mainte- 
nance of a “dosed flock" with a minimum 
of importations have given the most 
tangible results. 

Although ordinary sanitary methods are 
generally conceded to be insufficient to 
prevent entirely the occurrence of avian 
lymphomatosis (Waters, 1945a; Harriss 
et al., 1947), hygiene as a factor in the 
control of the avian leukosis complex has 
been shown to be of major importance. 
On the thesis that control of the avian 
leukosis complex should be achieved by 
nearing genetically resistant slock in zlie 
best possible environment, Hutt (1951) 
and Hutt and Cole (1954) have dearly 
set forth a program which combines the 
genetic and sanitary features and is adapt- 
able to various managerial situations. 
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et al (1963), succeeded in producing an ex- 
perimenlal flock of chickens free of the re- 
sistance-inducing viruses. Levine and Nel- 
sen (1964) followed a similar approach but 
found a significant portion of the breeding 
hens (25 per cent) to lack antibodies to 
Rous virus and RIF agents in their prog- 
eny, perhaps indicating no infection in a 
known infected environment. It seems 
that individual criteria have to be estab- 
lished in attempts to develop RIF-free 
flocks. Furthermore the demonstration of 
occasional genetic resistance of chicken em- 
br)’os to Rous virus by Crittenden et a/. 
(1963) and the report of antigenic plural- 
ity of Rous virus by Simons and Dougherty 
(1963) and its confirmation by Bang and 
Foard (1963) may complicate the interpre- 
tation of the RIF test. 

The available information on the na- 
tural and artificial transmission of avian 
lymphomatosis has been reviewed by Bur- 
mester (1957a) and Gross (1957). Visceral 
lymphomatosis was considered to be (he 
only known contagious avian tumor. The 
resistance-inducing viruses may be shed in 
nearly all eggs laid by tolerant hens and 
in occasional eggs laid by hens with cir- 
culating antibody (Rubin et al.. 1962). 
This virus spreads to pen mates by inti- 
mate contact. Available evidence suggests 
that spread is very limited by indirect 
means. 

The JM virus described by Sevoian 
and Chamberlain (1963) appears to be an 
unrelated virus. Early evidence suggests 
that it is spread via the air-borne route as 
well as by contact. Although no definite 
study has yet been reported, if the JM virus 
is related to the condition observed by 
Hutt and Cole over many years or to the 
agent causing neural losses in the field, egg 
transmission is not likely to be an impor- 
tant factor in the development of such tu- 
mors. 

The presence of the avian leukoses 
agents in the blood stimulated research on 
bloodsucking parasites as intermediaries. 
While most of the experiments were 
negative (Olson, 1940), Johnson (1937) 
showed the common red mite, Dermanyi- 
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stis gallinae, and Brown and Cross (1941) 
the Texas ‘'blue bug,” Argos persicus, to 
be possible mechanical vectors of the lym- 
phomatosis agent. Although not supported 
by experimental evidence, Carr (1952) 
re-emphasized the importance of blood- 
sucking parasites in the transmission of 
the diseases of the avian leukosis complex. 
This opinion was recently supported by 
sucfcssful laboratory transmission of Rous 
sarcoma virus by Aedes aegypti and A. aU 
bopictus (McDaniel et al., 1962). In fur- 
ther studies the same authors (1964) found 
the virus to survive and perhaps multiply 
in Culex pipiens pipiens, which commonly 
attacks birds, for at least 16 days. Johnson 
(1937) also suggested that minor opera- 
tions, as in fowl pox vaccination, may 
have the same effect. 

On the belief that the egg may be in- 
vaded by the lymphomatosis agent both 
at the time of formation and after com- 
mencing its independent existence, Cottral 
(1949) pointed to the danger of incor- 
porating this agent in live virus vaccines, 
made from so-called "normal” embryos. 
Support for this view has come from the 
experience of Piedrafita (1951), who ob- 
served severe outbreaks of avian leukoses 
following the use of a formol-killed New- 
castle vaccine. 

TREATMENT AND CONTROL 

In general, no practical therapeutic 
measures have been found for the avian 
leukosis complex. Neither the leukemic 
nor the anemic variety of erythroblastosis 
responds to iron or liver treatment (Olson, 
1936). The unconfirmed results with vita- 
min-E carriers have been mentioned (But- 
ler and Warren, 1938). Parenteral injec- 
tions of 10 per cent potassium iodide 
solution have been suggested for lympho- 
matosis by Gray (1940). Studies on 
chemotherapeutic approach, primarily 
with folic add antagonists (Chubb and 
Laursen. 1954), are of theoretical interest. 
A field impression that feeding of tomatoes 
decreases the incidence of lymphomatosis 
could not be confirmed experimentally by 
Winion and his assodates (1950). It is to 
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be remembered that temporary remissions 
of the clinical signs may occur spon- 
taneously. 

With the new recognition ol the role oi 
the bursa of Fabricius in leukemogenesis, 
reduction of its influence on the incidence 
of lymphomatosis has been approached ex- 
perimentally in two ways: dipping of eg^ 
in testosterone propionate by Click (196S), 
and bursectomy before the age of one 
month by Peterson ct al. (196S). 

In vaccination attempts for the preven- 
tion of the avian leukosis complex, 
Fritzsche (1938) failed to immunize birds 
against fowl paralysis with formol-ireated 
tissue vaccine. Uhl (1938) secured some 
degree of immunity against erythrogranu- 
loblastosis with aluminum hydroxide- 
adsorbed tissues. Johnson (1945) tried out 
several types of vaccines with inconclusive 
results. The demonstrated oncolytic action 
of certain neurotropic viruses on avian 
lymphoid tumors is of interest (Sharpless 
ei al., 1950). The first tangible results were 
obtained by Burraesier et a[. (1957) who 
found that various types of vaccines, ex- 
cept heat-killed ones, repeatedly adminis- 
tered to chickens under one year of age, 
conferred a substantial immunity to their 
progeny. This u’ork i*'as of major conse- 
quence because it established the fact iliat 
the well-known principle of passive im- 
munity held for visceral lymphomatosis. 
A concomitant reduction in the incidence 
of oste.opttt<sT.w taxonoouc interest. 

At present the practical exjiectations from 
this work should be tempered. 

Although an absolute control program 
for the avian leukosis complex cannot be 
suggested, there are two major avenues of 
approach, namely by breeding for resist- 
ance and by sanitation. In view of the 
pathologic and apparent etiologic diver- 
sity of the disease group, the effectiteness 
of a control program will vary with the 
pre«aJcn« of the respective fo/mi. Thus, 
of the most common ones, neural lympho- 
matosis seems to respond more to selection, 
visceral lymphomatosis to sanitaU'on. That 
there are puzrJing failures is indicated by 
the reported increased incidence of vis- 


ceral lymphomatosis even in broiler flocks 
(Benton and Cover, 1957; Benton ct al., 
1962), and turkeys (Simpson et al., 1957). 

While the interaction ol heredity and 
infectious agents in the environment, 
starting with the formation of the egg, is 
not fully understood, a disease complex 
estimated to cause losses in the United 
States of $1,000,000 per week (Hutt, 1944) 
calls for the intelligent application of all 
available facts. 

Jn general, birds showing clinical evi- 
dence of the avian leukosis complex, in- 
cluding true ocular lymphomatosis, should 
he consistently culled. Frequent laboratory 
checkups on the causes of mortality are 
advisable. 

1. By systematic selection of the progeny 
for resistance to lymphomatosis, it is pos- 
sible to obtain relatively resistant strains 
of birds (Taylor et al., 1943). In this it is 
preferable to choose breeders tvhose broth- 
ers and sitters have shown the lowest inci- 
dence oi the avian leukosis complex 
(Gifdow et at., 1940), Insofar as is known, 
the progeny of resisunt stock remains fully 
susceptible (Blakemore, 1959). A selective 
breeding program for general livability 
also (ends to decrease the ttiddence of 
avian Icukolic diseases, according to Bry- 
ant and Johnson (1944). Under practical 
conditions, breeding from the survivors of 
natural selection and especially mainte- 
nance of a "closed flock" with a minimum 
of importations have given the most 
ungible results. 

Although ordinary sanitary methods are 
generally conceded to be insuflident to 
prevent entirely the occurrence of avian 
lymphomatosis (Waters, 19}5a; Harriss 
et al., 1917), hygiene as a factor in the 
control of the avian leukosis complex has 
been shown to be of major importance. 
On tlic thesis that control of the avian 
leukosis complex should be achieved by 
rearing genetically resistant stock Jn the 
best possible envirorunent, Huct (1951) 
and Hull and Cole (1951) have dearly 
set forth a program whicli combines the 
genetic and sanitary features and is adapt- 
aWe to various managerial situations. 
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et al. (1903). succeeded in producing an ex- 
perimental flock of chickens free of the re- 
sistance-inducing viruses. Levine and Nel- 
sen (19G4) followed a similar approach but 
found a significant portion of the breeding 
hens (25 per cent) to lack antibodies to 
Rous virus and RIF agents in their 
eny, perhaps indicating no infection in a 
known infected environment. It seems 
that individual criteria have to be estab- 
lished in attempts to develop RIF-Iree 
flocks. Furthermore the demonstration of 
occasional genetic resistance of cliicken em- 
bryos to Rous virus by Crittenden et al. 
(1903) and the report of antigenic plural- 
ity of Rous virus by Simons and Dougherty 
(1963) and its confirmation by Bang and 
Foard (1963) may complicate the interpre- 
tation of the RIF test. 

The available information on the na- 
tural and artificial transmission of avian 
lymphomatosis has been reviewed by Bur- 
mester (1957a) and Cross (1957). Visceral 
lymphomatosis was considered to be the 
only known contagious avian tumor. The 
resistance-inducing viruses may be shed in 
nc-rrly all eggs laid by tolerant hens and 
in occasional eggs laid by hens with cir- 
culating antibody (Rubin et al., 1962). 
This virus spreads to pen mates by inti- 
mate contact. Available evidence suggests 
that spread is very limited by indirea 
means. 

The JM virus described by Sevoian 
and Chamberlain (1963) appears to be an 
unrelated virus. Early evidence suggests 
that it is spread via the air-bome route as 
well as by contact. Although no definite 
study has yet been reported, if the JM vinw 
is related to the condition observed by 
Hull and Cole over many years or to the 
agent causing neural losses in the field, egg 
transmission is not likely to be an impor- 
tant factor in the development of such tu- 
mors. 

The presence of the avian leukoses 
agents in the blood stimulated research on 
bloodsucking parasites as intermediaries. 
^VhiIe most of the experiments were 
negative (Olson. 1910), Johnson (1937) 
showed die common red mite, Dermanys- 
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sus ^llinae, and Brown and Cross (1941) 
the Texas "blue bug," Argos persicus, to 
be possible mechanical vectors of the lym- 
phomatosis agent. Although not supported 
by experimental evidence, Carr (1952) 
re-emphasized the importance of blood- 
sucking parasites in the transmission of 
the diseases of the avian leukosis complex. 
This opinion was recently supported by 
successful laboratory transmission of Rous 
sarcoma virus by Aedes aegypli and A. ah 
bopiclus (McDaniel et al., 1962). In fur- 
ther studies the same authors (1964) found 
the virus to survive and perhaps multiply 
in Culex pipiens pipiens, which commonly 
attacks birds, for at least 16 days. Johnson 
(1937) also suggested that minor opera- 
tions, as in fowl pox vaccination, may 
have the same effect. 

On the belief that the e^ may be in- 
vaded by the lymphomatosis agent both 
at the time of formation and after com- 
mencing its independent existence, Coitral 
(1949) pointed to the danger of inco^ 
porating this agent in live virus vaccines, 
made from so-called "normar embryos. 
Support for this view has come from the 
experience of Picdrafiia (1951), who ob- 
served severe outbreaks of avian leukoses 
following the use of a formol-killed New- 
castle vaccine. 

TREATMENT AND CONTROL 

In general, no practical therapeutic 
measures have been found for the avian 
leukosis complex. Neither the leukemic 
nor the anemic variety of erythroblastosis 
responds to iron or liver treatment (Olson, 
1936). The unconfirmed results with vita- 
min-E carriers have been mentioned (But- 
ler and Warren, 1938). Parenteral injec- 
tions of 10 per cent potassium iodide 
solution have been suggested for lympho- 
matosis by Gray (1940). Studies on the 
chemotherapeutic approadi, primarily 
with folic add antagonists (Chubb and 
Laursen, 1954), are of theoretical interest. 
A field impression that feeding of tomatoes 
decreases the inddence of lymphomatosis 
could not be confirmed experimentally by 
Winton and his associates (1950). It is W 
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In control by breeding, mass selection 
may be practiced by mating birds surviving 
to at least the second laying period. 
Progeny testing will speed up the process 
of selecting for resistant genes, as is the 
case with other multifactorial characters 
In control by isolation, a partial appli- 
cation of this principle calls for brooding 
chicks in clean houses as far away from 
mature stock as possible. Separate attend- 
ance is advisable. The first two weeks are 
the most critical ones. For best results, 
complete isolation should be maintained 
by brooding and rearing the growing stock 
on a separate farm, not otherwise stocked, 
tor at least five months before bringing it 
back to the main plant. Under these con- 
ditions it is hoped that genetically resistant 
stock will be enabled to withstand ordi- 
nary exposure to the avian leukosis com- 
plex. 

2. In non-self-susuining flocks, chicks 
should be purchased from breeders who 
have adopted some or all of the above 
measures. Since, however, no practical 


tests are available for the detection of 
latent carriers of the leukosis complex in 
the breeding stock, the seller should not 
be held responsible for losses resulting 
from it. 

Exacting sanitary and quarantine meas- 
ures are advisable during the entire 
brooder stage and early maturity to pre- 
vent transmission by contact and the pos- 
sible precipitating effect of secondary 
parasitic factors, 

3. Ectoparasites should be kept in check 
at all times. Minor operative procedures, 
such as vaccination, caponizing, debeak- 
iiig, etc, should be carried out with cer- 
tain aseptic precautions. Producers of 
embryo-derived avian vaccines should 
realize the potential danger from latent 
e^-bome viruses and exert sanitary con- 
trol over the source flocks. Eventually the 
use of chicken embryos from RIF-free flocks 
will be highly advisable, as is already re- 
quired for the production of live chicken 
embryo derived human vaccines. 
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Electron Microscope Studies of 
Avian Leulcosis Tumors* 


Electron microscopy of ultrathin sections 
of chicken tumors has contributed greatly 
to our knowledge of the nature of the vi- 
ruses causing these tumors and to our un- 
derstanding of virus-cell relationship in 
the cells of tumors and leukemias of chick- 
ens. It has demonstrated the morphology 
of virus particles and the sites of their 
replication in the infected cells. Biological, 
biophysical, biochemical, as well as cyto- 
chemical studies combined with electron 
microscopy have contributed to significant 
advances in our knowledge of these agents 
and have led to a quantitative correlation 
between virus particles and the tumor-in- 
ducing properties of the tissues in which 
they have been observed. Electron miaos- 
copy has also helped to demonstrate that 
many cell types, as in the infeaious proc- 
esses induced by many nontumor viruses, 
may participate in the response of their 
susceptible host to an infection with avian 
tumor viruses. 

ROUS SARCOMA 

Previous studies on Rous sarcoma tumor 
cells and Rous sarcoma virus particles have 
been extensively presented in a number of 
reviews (Bernhard, 1958, 1960; Dmochow- 
ski, 1960a, b; Haguenau, 1960). 

Particles suggestive of virus were first 
observed in Rous sarcoma cells grown in 
tissue culture (Qaude et al., 1947) before 
the introduction of the ultrathin section- 
ing technique to electron microscopy. It 

• Supported in part by research granu CA W140 
and CA-01751 from the National Cancer Insutuie, 
National Institutes of Health, UJP.H.S. and by 
Grant E-94-E American Cancer Society, Inc 


took a number of years before virus par* 
ticks were found in thin sections of this 
tumor (Gaylord, 1955). Subsequently, nu- 
merous studies on Rous tumor cells grown 
in vivo and in vitro, as well as on normal 
cells grown in tissue cultures infected with 
Rous sarcoma virus, confirmed and «• 
tended these early obscn'ations (Bernhard 
et al., 1956; Haguenau el al., 1953, 1960a, 
b; Haguenau, 1960). 

Virus panicles (800 A) have been found 
at the cell surface and in vacuoles of the 
cytoplasm of lumor cells (Bernhard el at., 
1956) and in fibroblasts infected m vitro 
with Rom sarcoma virus (Haguenau et al, 
1960b). As seen in the electron micro- 
scope, the relationship of Rous sarcoma 
virus to the constituents of sarcoma cells 
may appear in a number of forms seen not 
only in the tumor cells grown m vitro or 
in the fibroblasts infected with the virus 
m vitro (Beard. 1963) but also in tumor 
cells grown in vivo (Dmochowski et al, 
1964). ' 

Several types of cells, such as fibroblasts, 
macrophagelike cells, and mast cells have 
wen described in the Rous sarcoma tumor 
(Haguenau and Beard, 1962). Cytoplasmic 
vacuoles, some containing characteristic vi- 
panicles, have been observed in all 
Aese cells (Haguenau and Beard, 1962; 
UiiK^owski et al, 1964). This is shown 
in igures 19.25 and 19.26. No evidence of 
a specific relationship svith virus particles 
could be seen in some of the vacuoles. The 


wuoles as the result of pinocytosis or 
phagocytosis, especially in the cells of the 
macrophage type (Haguenau and Beard, 
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FIG. 19.27 - Port of cyloplosm of 
Rout larcomo cell, showing cyto* 
plaimic [nclution, with virus par- 
ticles, surrounded by o membrone. 
X 90,0 00. 



and nephroblastoma. What could be de* 
scribed as intermediate structures between 
those surrounded by a single or a double 
limiting membrane containing closely 
packed virus particles in a densely osmio- 
philic material and those without any 
evidence of a limiting membrane have also 
been found in Rous sarcoma cells in vivo 
(Dmochowski et al., 196^). These struc- 
tures appear to be loci of virus synthesis, 
and the disappearance of a membrane sur- 
rounding these structures may lead to virus 


panicle dissemination by a process the re- 
verse of pinocytosis. The tvallcd-in cyto- 
plasmic inclusions have also been found 
to undergo progressive vacuolization like 
those in Sicken leukosis which may be re- 
moved by a similar process of reverse pino- 
cylosis. 

Structures, similar to “viroplasm" (Beard, 
1963), were originally described in the cy- 
toplasm of Rous tumor cells by Bernhard 
et al. (1956). These structures, at first, 
could not be found in other studies 
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FIG. 19.30 — More odvonced stoge of bud- 
ding. Arrows indicate the stalk with which 
an olmost fully formed virus porticie is oi- 
taehed to the plasma membrane. X‘450,000. 


o! Rouj sarcoma cells has not been noted 
in all the previous extensive studies (Bern- 
hard et al, 1956: Epstein. 1957; Haguenau 
et al, 1958. 1960a, b). This may serve as 
an example of the error of sampling which 
may occur in electron miaoscope studies 
of any type of changes in cells and of the 
erroneous conclusions which may be based 
on such sampling. It appears that tvhile 
the frequency of the changes of various 
types induced by chicken tumor viruses 
may vary, these viruses may all have a sim- 
ilar mode and similar sites of develop- 
ment with one or another site occurring 
more frequently, according to the type of 
infected cell, without any qualitative dif- 
ferences for any type of the virus strain 
involved. 


Virus particles, similar to those found in 
vacuoles of the cytoplasm of Rous sarcoma 
cells and m the intercellular spaces of the 
Rous tumor are present in high-speed 
centrifugal pellets from extracts of Rous 
sarcoma tumors. A correlation could be 
established between the potency of tumor 
extracts and the number of virus particles 
seen in sections of these tumors or in the 
pellets from cell-free extracts of such lu- 
mors (Epstein, 1957, 1958; Haguenau et 
al, 1938). 

No changes of a specific character could 
be observed in the nucleus or nucleolus of 


Rous sarcoma cells, except for small 
dense bodies present in the nuclear sap 
(Ujgiienau, 1960). 

Studies on Uie ultrastruclure of other 
chicken tumors such as Murray-Begg en- 
dothelioma (Rouiller et al, 1956) and of 
Fujinanii myxosarcoma (Mannweiler and 
Bcrnlurd. 1958) have led to the discovery 
of cJiaractcristic (800 A) virus particles, sim- 
ilar to those found in Rous sarcoma, but 
they have failed to demonstrate the changes 
observed in the studies on Rous sarcoma. 
These tumors require reinvestigation in 
the light of recent findings in Rous sar- 
coma. 


MYElOBLASTOSiS (GRANUIOBLASTOSIS) 
Tlic myeloblastosis strain of chicken leu- 
kosis, later described as the BAI strain A, 
was originally isolated by Hall et al (1941) 
from chickens witli neurolymphomatosis 
and later studied extensively by Johnson 
(1941) and by Beard and his associates 
(1956. 1963). 

In sections of myeloblasts present in the 
spleen, bone marrow, and the circulating 
blood of chickens with myeloblastosis in- 
duced by BAI strain A myeloblastosis virus 
only few changes have been reported 
(Beard, 1963) which could be related to 
vhus infection. These changes consisted 
of cytoplasmic vacuoles in myeloblasts, 
with occasional diaractcristic virus parti- 
cles (800 A), while most of the virus par- 
ticles were found outside the cells (Bonar 
** 1959. I960; Parsons ef al, 1959). 

Uihemise, the myeloblasts have been 
ouitd similar to those present in normal 
chicken bone marrow (Beard. 1963). It is 
as yet unknown to what extent these find- 
ings have been associated with the stage 

0 infection or of the progression of neo- 

studies (Dmochowski, 
1963; Dmochowski et al, 
. • 1959a, 1961, 1964), examination of 

spleen from chickens in advanced stages 

01 myeloblastosis, particularly of the areas 
aiagnosed histologically as replaced by neo- 
plastic or tumorous cells (myeloblasts), 

ges have been observed in the rayelo- 
^ or cells of the myeloid series which 
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could be interpreted as related to virus 
synthesis and comparable to those seen in 
myeloblasts grown in vitro and obtained 
from the infected chickens (Beard, 1963). 
Similar changes have been found in retic- 
ular cells and macrophages more frequently 
than in myeloblasts (Parsons et ai, 1959). 
While this is undoubtedly the case, there 
appears to be little doubt that in the ad- 
vanced stages of myeloblastosis, changes in 
the cells present in the spleen which lead 
to the enlargement of the cytoplasm of the 
cells, make tlie diagnosis of tlie type of 
cell involved frequently difficult. However, 
similar changes have been observed in the 
reticular ceils, macrophages, and myelo- 
blasts in the spleen of chickens with myelo- 
bfasiosi's (Omochowski el al., 19&1). 

The changes consist of cytoplasmic in- 
clusions (Dmocliowski, 1961) or gray bodies 
or viroplasts (Beard, 1963) in various stages 
of formation and vacuoUtatlon. fully or 
partially filled with the characteristic virus 
particles (800 A). These inclusions, sur- 
rounded by a single or a double membrane 
or apparently without a membrane (Figs- 
19.31, 19.32, 19.32A, 19.33. 19.33A, 19.33B). 
filled with osmiophUic material of varying 
density, could conceivably be interpreted 
as related to mitochondria. They frequently 


appear to be in various stages of vacuoliza- 
tion and contain virus particles in varying 
numbers. 

Less frequently encountered changes 
consist of aggregations of dense osmio- 
philic granules (Figs. 19.54 and 19.34A 
with apparently empty circular images, 
similar in many respects to the structures 
present in the cytoplasm of Rous sarcoma 
cells and in that of erythroblasts (Beard, 
1963; Omochowski ef al., 1964), and in 
the epithelial cells of nephroblastoma 
(Dmocliowski et al., 1961). 

Further changes, observed in myeloblasts 
in the spleen of chickens with myeloblasto- 
sis, also less frequently encountered than 
Uie cytoplasmic inclusions or gray bodies 
hr viropfasts, consist of the hudcfmg of 
plasma membrane of myeloblasts which 
apparently leads to virus particle forma- 
tion (Omochowski el al, 1961, 1964; Beard, 
1963) (sec Fig. 19.35). 

Similar changes, but more frequently 
present, have been observed in myeloblast) 
^rotvn in vitro (Parsons et ol, 1058; Bonar 
*!l al., 1959, I960). Cytoplasmic inclusions 
^ay bodies or viroplasu) of varying num- 
and size, and with virus particles in 
Various stages of formation, have been 
found to inacase in frequency and extent 



fiG. J9.3l-Ap. 
p«aronc« of a 
cell In the iplein 
of chicken with 
myelobloiio»l« 
with onindutlon 
tonJoininp virus 
por)icl«i presens 
in 

X2«,000. 
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FIG. 19.32-Ap- 
peoronce of an- 
other cell in the 
spleen of o chick- 
en with myelo- 
blastosis, show- 
ing numerous cy- 
toplasmic inclu- 
sions (A), con- 

tides. x12!oOO. 



with the time of growth o£ myeloblasts m 
vitro (Bonar et al, 19G0). These incJusioiu 
change in appearance, alter in density, and 
undergo vacuolization. These structures 
appear to be the sites of virus formation 
(Parsons ei al. 1958). No particular locali- 
zation of these bodies in the cytoplasm 
could be noted. The presence of virus par- 
tides at all stages of the changes in the 
viroplasts indicates that these structures are 
involved in virus synthesis (Haguenau and 
Beard, 1962). It is likely that the substance 
of cytoplasmic inclusions or viroplasu is 


used for virus pariide formation which 
then may be transported in the vacuoles 
to Uic cell surface (Beard, 1965). These 
structures appear to be specific loci of 
virus synthesis as, like Uie coat of virus par* 
tides. Uiey dephosphorylaie adenosine tri- 
phosphate (Beaudreau et al, 1958). They 
are similar in size to mitodiondria. 

There is conflicting evidence available 
about the origin of these cytoplasmic indu* 
sions or viroplasts. Although no virus 
particles have been found in unaltered 
mitochondria (Bonar et al. 1960), an anal- 



FIG. 19.32A- 
Port of the cell 
in Fig. 19.32, 
marked A, show- 
ing cytoplasmic 
inclusions with 
virus particles in 
different stages 
of formotion. 

X60,000. 
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FIG. 19.33 -Pari 
of the CY«opla»m 
of Q moerophog# 

In ihe spleea of a 
chicken with mye- 
loblosloils, show- 
ing cytoplasmic 
inclusions, 
mofked A and B, 
in different stoges 

of vacoolliolion, 

contoining virus 
'■“''“‘'■•XTS.OOO. 




01 the aXncc ol th= varlo.^X; "'“f 

SuSitU-Errp « get a-, 

tiom, l““"S‘5°“- ^ Jaduallv replaced PT el TeSSI,, 1959a, 1961; Dmce 
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of panicle! is associated wttluli' 9 ppe _ , . . .v' i 
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FIG. 19.33A-Part 
of the cell in Fig. 
19.33, marked A, 
ol higher magnifi- 
cation. 


I -^r *“ V ■*■ 







FIG. ]9.33B-Parf 
of the cell in Fia 
19.33, marked B. 
at higher mognifi- 
eotion. X«4,000. 


.hPfk' “■ e'idsnce available 

do not develop Iron, 
mitochondria but from the graniles or 
their precursors which appear in the celU 
ot myeloid senes during their normal mal- 

Si WHadd'd' f srries ot blood 

'* >96«i Weinstein el at 

1960; Sommer el el, 1962). This evidence 
IS based on cytochemlcal studies which 
demons.rated adenosine triphosphatase ac 
tivity m these granules, £ vifoplasu “ 
cytoplasmic inclusions, and in it, “ 
coat of virus particles (Beari ,1 al., 1963) 
These studies have also led to the condi 




'■ ■ 

Sion that ihe granules develop from pre- 
in ihe cytoplasm (Beard, 
IJ63) and nol, as originally suggested, from 
mitochondria (Bernhard el al., 1955). Viro- 
p arts as well as the granules of nor- 
. , niyelocytes exhibit strong adenosine 
triphosphatase activity. There appears to 
be however a considerable difference be- 
Ween ihe enrymes per re of the normal 
Evni. viroplasts, a. 

fixaiio ^ .irrrre-drying m vacuo and by 
el l«n''Tn '“.""““'Me (Weinstein el 
plasis in^e. number of viro- 

fn ™l, ' •ny'inUstts maintained 

■n mltura containing S-methyl tryptophan 
("'■"“'in " I960). Myelobksts taken 


with Ut.^: marked 

witn letter A. X23,000. 






FIG. I?34A-Port ;f Fig. 


directly from the seldom 

ehickens with 'hy='°^'““pto,s and little 
show l*'® P"“"f,fj„psi„e triphosphatase 
or no evidence ol ‘xhe results 

activity (Haddad el f’-’ J of stain- 
of phase contrast ^Ltase parallel 

ing tor “denosine ttipho mi- 

the observations made i 
croscope (Haddad «t a Harrow o£ normal 
Studies ot the borte i„. 

chickens grown in tissu c 

[ected with myeloblastosis >1 

a ol, 19581 1960) '“''/'““Sected cells 
alter 3 weeks in culture, with 

show multiplication i„ tissue 

liberation ot p' ,„„ctute of these 

culture fluids. The u myeloblasts 

cells is identical with, th« 1 „I 

obtained from the cn ^wn 

chickens "■* „ both sources 

in uitro. Ml=h>hlasfr tru» _ 3<w 

show structures m ^ indusions. 

called viroplasts or gjoblastosis 

Both types ot cells reprf "^®!^;,,). 
in chickens (Beaudreau pj myelo- 

Thus, ‘Issue culture 

blasts grown m Ultra jj^ard. 

tended (Haguenau and Be myelo- 

1963) the observations report 


blasts present in 'h' ‘Pjjf '"'SiStstosis. 
marrow hi f ■*'”mTsuch a, viroplasm 
However, no structures observed 

or viral matrix have y culture 

in myeloblasts maintained in tissu 

(Beard, 1965), -vdoblastosis virus in 

The formation oi myeloblasms^ ^^^^ 

cytoplasmic I ^hal matrix or 

are nat the only 

viroplasm Buddine of the 

mode of ^ j myeloblasts has been 
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virus formation ^ RecenUy 
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viral matrix. 


eryihroblastosis 

Numerous '1.'“™“ “ pm and lis- 

have been carried ou^ ^ P 

sues, “ch as spleen, ^ ^^joblaslosis in- 
row, of chickens different strains 

joced by the viru ‘^Iplus, JJiaSi, 

ol origin (Benedetl. and wp ,, , •», 
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FIG. 19 35-Budding 
of plasma membrane 
(arrow) of o myelo- 
blast in the spleen of 
a chicken with mye- 
loblastosis. X90,000. 



Benedetti and Bernhard. 1958; Iwakata 
and Amano, 1958; Iwakata, 1958), includ- 
ing strain R, of Engelbreth-Holra and 
Rothe-Meyer (1935) (Dmochowski el at., 
1958a, 1959a; Dmochowski, 19(30a-c, 19C1 
1963: Heine et ai. 1961) and strain RPb 
12 (Dmochowski et al . 1959b) Tlie re- 
sults of all these studies hate been similar, 
although interpretation of the findings has 
differed, Studies have also been carried 
out on erythroblasts grown in tissue culture 


and on those present in the circulating 
blood of chickens with erythroblastosis in- 
duced by strain R (Heine et al, 1961). 

In some studies (Beard, 1963), few 
clianges have been observed in the crythro- 
blasts present in the spleen and bone mar- 
row of leukemic chickens, e.xcept for oc- 
casional virus particles in vacuoles of the 
cytoplasm of erythroblasts. Greater clianges 
such as vacuolisaiion of the cytoplasm with 
Virus particles present in these vacuoles. 





FIG. 19.36 -Port of 
the cytoplasm of a 
cell in the spleen ofo 
chicken with erylhro- 
blaslosls showing cy- 
toplasmic incluslonsln 
various stages ofvae- 
uolization, containing 
virus particles. 

X15.000. 
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and inside the cytoplasm ol cells as well 
as budding o£ plasma 
tn the tormation of virus 
been observed in the circulating O 
blasts and in those grown in ““9' 

(Heine el »!., 1961). 'i7n 

particles (800 A) have also been obseived in 
{issue culture fluids by electron tnicrowopy 
and by biological tests (Heme el u 1 ., 1961h 
In addition, in a few cases a structure, 
so-called viroplasm or viral 
been observed in the erythro g 
in uiiro. As already mentioned in the dis- 


FIG. 1937A-PQrt 
of Fig. 19.37 at 

higher magnifica- 
tion. Variation in 
the size of virus 
particles may be 
seen. x90,000. 


FIG. 19.37 -Part of 

the cytoplasm of 
another cell m the 
spleen of a chicken 
with erythroblastosis 
showing vacuoles 
framed and marked 
A. containing virus 
particles. x23,000. 


cussion on Rous sarcoma and 

sis this is a change in the cytoplasm, com- 

po’sed of particles of the sire of 

but of greater electron density " 

ul 1961). Within this viroplasm or viral 

miriu Articles have been found resem- 

bllng thV incomplete particles PT®'"' j” 

{he cytoplasm of Rous sarcoma cells 

ffitoma eel PmtcSu”!96° j963; 

Sr'No'evWenK o'^adenosTne triphosi 
^.amse Svity ha. been obse^ed m the 
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FIG. 19.38 — Low mognifito. 
tion view of another cell In 
the spleen of a chicken with 
erythroblastosis, showing cy- 
toplasmic inclusions, marked 
A. x23,000. 



erythroblasts from ih« bone marrow o( 
normal cliickens or ihose ^/ith erythto- 
blastotU (Bonar et al., 1957; Beard, 1963). 

Brytbroblafta and cel]} of the erythroid 
series, like myeloblasts and cells of the 
myeloid series, present in the spleen and 
liver o£ chickens with erythroblastosis 
strain R, showing neoplastic involvement, 
have been found to show changes similar 


to those obscn-ed in myeloblasts (Dmo- 
cho'vski, 1961, 1963). However, these 
changes as in myeloblasts are not as fre- 
quently encountered in the erythroblasts 
as in the rcticulo-endothelial cells or in 
macrophages present in the spleen of chick* 
ens with erythroblastosis (Benedciii and 
Bernhard, 1958; Benedetti and Leplus, 
1958; Draochowski et al., 1958a, 1959a, b. 



FIG. 19.38A — Port 
of Fig. 19.38 at 

higher magnifica- 
tion showing eyto- 
plosmic inclusions 
in different stages 

of vacuolization 

with virus portieles. 
X46,000. 



581 


Ch=p>e, ... microscope STUD.ES OP .VMM IPUKOS.S TUMORS 





U'U. . '«/’ . JT -. ' .,1; ,9 ,7 19.57A), as well as in qtoplas- 

1961; Dmoehowski, 1960a, « „ic Indusions ol M 

1961, iwakata, 1958; Iwakata “ l„g„ (Fig,. IW8, 19.SSA, 

1958). Characteristic virus ( ’ addition. whorHike 1°™, . gcca- 

have been found in the '"f “'““S been observed m ■>>'7*5°^““ observed 

and in cytoplasmic vacuoles "f tonally, virus particles have been 

amount, of osmiophilic material (Figs. - • j 

'' ' 


FIG. 19.40 -Budding P''**'".® 
membrane of on 
the spleen of chicken with eryth 
bloslosis. X 120,000. 
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FIG. 19.41— Virol matrix or 
viroplasm (A) in lha cytoplosm 
of on erythroblost, cireulor 
imase* matrix marked by 
arrows. x3O,Q00. 



to form by budding of plasma membrane 
(Fig. 19.40) of eryihroblasts {Dmochowski 
et al., 1961, 1964) Equally rare are the 
stiuctutea, »imiUc to viioplasm or viral 
matrix in the cytoplasm of myeloblasu. 
with circular images surrounded by dense 
osmiophilic particles which have been ob- 


served in the cytoplasm of erythroblasts 
{Figs. 19.41 and 19.41A) present in the 
spleen of chieVens willi eryiliroblasiosis 
strain H. (Beard, 1065; Dmochowski el ai, 
1901). 

Occasionally, structures have been ob- 
served with dense osmiophilic granules of 



FIG. 19.41A_-- 
Porlof Fig. 19.41 
ot higher mog 
nificotion. Cireu 
lar imagei (ai 
rows) surround 

ed by dense os 
miophilic gron 
ules. X58,000. 




FIG. 19.42A-Part of f'S- 
19.42 at higher magnification 
showing fully formed fypiw 
virus particles in the viral 
matrix. X68,000. 



)f another 
of chicken 
is showing 
viral mo- 


.. j 
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the size of ribosomes and svith virus par- 
ticles, fully formed or almost fully formed, 
lying on the periphery of the aggregates 
of the granules (Figs. 19.42 and 19.42A). It 
is quite possible that these structures con- 
stitute a further stage in the synthesis of 
erythroblastosis virus particles (Dmochow- 
ski et al., 1964). In addition, occasionally 
structures have been observed apparently 
in the nuclei of crythroblasts in the spleen 
of the infected chickens with circular 
images forming among what at first sight 
appeared to be structures identical to viral 
matrix or viroplasm (Fig. 19.43). On close 
inspection Dmocliowski et al. (1964) ob- 
served that these structures are composed 
not of granules but of strands, similar to 
those observed in the nuclei of other eryth- 
roblasis, and among them are circular 
images similar to those in the cytoplasmic 
viral matrix or viroplasm (Figs. 19.42 and 
19.42A). They may be nuclear pores. 

No indication of nuclear msolvement 
has as yet been detected in Rous sarcoma 
tumor cells or in any cells of organs or 
tissues of chickens svith avian leukosis ex- 
cept for hypertrophy of the nucleolus and 
small dense bodies in the nuclear sap 


(Haguciiau and Beard, 19G2; Beard, 1963). 
Nevertheless, Rous sarcoma antigen has 
been found in the nucleus of virus-infected 
cells by means of labeled specific antibody 
bcfoie the appearance of the antigen in the 
cytoplasm of iliese cells (Malmgren et al., 
I%0; Mellors, 1960; Noyes, 1960). The 
connection between the immunological 
findings in Rous sarcoma cells and the elec- 
tron microscope findings in crythroblasts 
of cliicLcns infected with erythroblastosis 
strain R virus is as yet unknown, but it 
may well constitute the first electron micro- 
scope observation of dilcken tumor virus 
fomiaiion in the nucleus if the presence 
of Callus, adenolike virus of diickens 
(Biirmcster et al.. 1960d), is excluded. 

The cytoplasmic structures may be loci 
of virus synthesis. aUhough the cytoplasmic 
inclusions have also been interpreted as 
the result of phagocytosis (Ilaguenau and 
Beard. 1962; Beard, 1963). This matter 
still remains to be resolved. 

The described diangcs could not be as 
dearly and as frequently visualized in 
crythroblasts grown in vitro (Heine et al., 
19CI) as in myeloblasts grown in tissue cul- 
ture (Donar et ai, 1960). The presence of 


FIG. 19.43-Nucleus of a cell 
in iVi% vpittTi tpl ovWtlnen -wVlVi 
erythrablaslosis. Arrows indi- 
cate circular images, similor 
to those found in cytoplosmic 
viral matrix in Figs. 17.41 
and 19.41A. X30,000. 
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numerous virus particles m the 

vacuoles of erythroblasts grown m vMo 

was interpreted as the result of 

sis (Heine c( el., 1961)- The budding phe 

nouienon ol the plasma “’‘t 

roblasts grown in vitro has also been 

served as in the case of erythroblasts po, n 

in tissue culture (Heine ot nl 

tissue culture has undoubtedly helped the 

electron microscope studies on 

coma and on myeloblastosis, it ^ 

of particular help in the 

studies on these tumor viruses. .1“ 

value is based on compelling 

tors to re-examine the previously ^ 

findings ol electron fV"?" 

Rous sarcoma and of leukemias 

This re-evaluation of electron 

examination has revealed changes in Rous 

sarcoma cells and in tissues A"'"' 

with myeloblastosis and ^tythr ■ 

previously unobserved, and iden i 

those found in the respective tumor cells 

grown in vitro. , . 

Virus particles and cytoplasmic ii^u 
sions have also been observed 1"^ 
rophages and in reticular veils pr 
various tissues of chickens wi 
blasiosis (Benedeiti 
Bcnedctti and Lcplus, 1958; Dm 
et al, 1961). In these studies, 
inclusions or viroplasts or gray > 
been found more frequently t a . • 
tumorous cells or erythroblasts. An analyns 
of the various clianges observed . 

loplasmic inclusions of 
of macrophages, as in the case of 
blasts, indicates that they may e j 

chondrial origin, as 

by Bcnedctti and Bernhard j 

cser, no budding of plasma 
no viroplasm (viral matrix) coul . 
in the reticular cells and 
This docs not necessarily »n‘*‘"** 1' 
such changes may not take place 
cells. , ttic 

Altcnnions and clianges °J”fj^%eiicular 
erythroblasts or tumorous ccl . 
cells, and in macrophages P^ese . 
iplccu and liver ol cliickcn. wub cn^^ 
blailoiii ilrain R (Dmocliowili 
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1958a) arc similar to those observed ih the 
cells of the same origin present in the 
^een and liver ol "f. '7*^^ 

Wastosis induced by strain RPL-12 (Dmo- 
““wski 1960a-u:, 1961, 1963; Dmochowski 
J ul 1959b. 1961). The dilterence in the 
lienucncy of changes o toved in llm er,.l_^ 

ris^^rcMckemw^herylhrLaslosi, 

‘b““ed by dilterenl i-vsUgalors may 
least in part, be due to the stage of disease 
a,” hicli Ihese organs have been exarnined 
and to the extent of infiltration ol the 
t^rious organs by ery.Iiroblasis or tumorous 
cells. 


Comment , 

The changes seen in myeloblasiosis and 

viruses lo primary neoplaslic cells (Hag 

ISSSSSSi 

‘•'“i-tan’^earaiXCt^l.a;.^: 

maCTCnau and Beard. 1962). I" 

"d\'S of their i„..a^.u|arp;__.>^ 

‘imant" iS) Whether' die obicrvcd 

Sc rcpcrlivc „"e o" 

S^W,i!;!i«nUm.c^«da;;^^ 

Sitd-SiidT^croIchickcni iiilccicd wi.H 
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FIG. 19.44 — low. 
power view of a 
cell in the spleen 
of a chicken with 
viscerol lympho. 
motosis showing 
on inclusion with 
virus particles. 
XlS.OOO. 


croscope, in response to virus« ° J 

blastosis, erythroblastosis, and 

coma, and later found to indeed 

istent or only quantitative, a 
quantitative or qualitative, “c 
mav heln to rcsolve the problem _ 


one or a number of viruses ar visceral ,vnsrular” visceral lym- 

in the induction of chicken leukosis and -rntravascular 

other tumors of birds. 


The lympho^totU strain 

wn (19«)- K,,in,s "extravascular” 

.“’..il^S.'Sfand ostanpruosis. 


FIG. 19.45 -Port 
of the cytoplasm 
of a lymphoblast, 
showing^ cytoplas- 

one marked A. 

X23.000. 


• :? P|; .iq 

•■ 5 ' . • -<-< , f. I fy ■; 
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flG. 19.44 — low. 
power view of a 
cell in the tpleen 
of a chicken with 
visceral Ivmpho. 
maloti* snowing 
on inclution with 
virus particles. 
X 15.000. 


e.„brii3...3i3. iLVm 

«ma. and later 

Kteni or only C2ja-n.=Iv- ^ 7 ^ 
quantiuUte or qsiL-jd^~‘-iZl 
my help to tB*. 
or i Dotobe, i 

” *0 induoffl .J ^ -- =.y.3.e; 
Other tumcini3{^i.,t. ■»— ^.»-a az 


ItMPHOMATOSlS 

The lyrspbomaunu (tnia RPLrl2 virus 
was isoUiad (Burmaier, 1947) from a 
Ijmphotaitonia orljirully daaibcd by Ol- 
son (1941). The RPL-IZ \irm has been 
found to induce, baldn “cxtm-aicular" 
visceral lymphoaiaroiii and oiieopciroju, 
ihe so<alltal “inixas-ascuUr viKeral hm- 
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FIG. 19.45 A - 
Pari of Fig. 1 9.45 
at higher magni- 
ficalion showing 
cytoplasmic mclu- 
sion, without a 
membrane, eon- 


lining virus par. 
es. X90,000. 



phomatosis, later recla$$^^ied a$ erythroblas* 
tosis (Burmcster el al., 1959a, 1960a, c; 
Gross et al., 1959). The virus of visceral 
lymphomatosis, obtained from both nat* 
ural and experimentally induced disease, 
as well as from livers of embryos of appar* 
ently normal birds, induces not only vis- 
ceral lymphomatosis but erythroblastosis 
(Burmester et al., 1959a). Occasionally it 
also causes osteopetrosis, hemangiomas, 
fibrosarcomas, myxosarcomas, myelocy- 
tomas, neurolymphomatosis, ocular lym- 
phomatosis, and granuloblastosis (myelo- 
blastosis). Chickens, reared in contact with 
birds inoculated with strain RPL-12 lym- 
phomatosis, have been observed to develop 
occasionally erythroblastosis or "intravas- 
cular” visceral lymphomatosis (Burmester 
et ai, 1959a). As shown by Burmester et 
al. (1959b), "extravascular” visceral lym- 
phomatosis which arises intra- or extia- 
medullarly in whidi the cell type is a highly 
undifferentiated element of the lymphoid 
series (Gross et al., 1959) and hence de- 
scribed as tumorous (Dmochowski, 1960a, 
b, c; 1961; 1963) is also induced by strain 
R of erythroblastosis (originally described 
by Engelbrelh-Holm and Rothe-Meyer. 
1932). Pathologically, the "extravascular" 


visceral lymphomatosis induced by RPL-12 
strain does not differ from that induced by 
strain R, or from that induced by myelo- 
blastosis BAl strain A virus (Burmester et 
al., 1959b). These observations may have 
some bearing on the results of electron mi- 
croscope studies of organs and tissues 
from chickens with visceral or ‘'extravas- 
cular” lymphomatosis. 

Examination of the parts of spleen of 
chickens with visceral lymphomatosis 
shorving neoplastic involvement revealed 
certain characteristic changes in cells, such 
as reticulo-endothelial cells, macrophages 
and lymphoblasts (tumorous cells), or cells 
of the lymphoid series (Dmochowski, 
1960a, b. c; 1961; 1963; Dmochowski and 
Grey, 1958; Dmochowski ct al., 1959a, c: 
1964). In addition, virus particles have 
been found in the intercellular spaces. Al- 
terations in mitochondria and endoplasmic 
reticulum have been observed, with nucleus 
and nucleolus, showing changes such as al- 
teration in size and density, which need 
not necessarily indicate a specific effect of 
viral infection. Cytoplasmic inclusions of 
the size of mitochondria or larger, filled 
with dense osraiophilic material undergo- 
ing various stages of vacuolization with 





no. 19.46A-Paft of 
19.46 showing a cytoplosirnc 
Inclusion with membranous 

structures and virus particles. 
X75,000. 
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FIG. 19.47 — Budding cf plos. 
ma membrane of two lym- 
phoblasts. X90,000. 



viru> particles present m rarytng numbers, 
have been observed in all three type, of 
cells apparently with least frequency in 

‘losni; '’-“A, 

addition, occasional 
loaef^"® . plasma membrane (Fig. 
19.47) and very occasionally structures 
composed of the formation of dense small 
osmiophilic particles with circular images 


or viroplasnj, similar to those present in 
Rous sarcoma, myeloblastosis, and eryth- 
roblastosis, have been found in the cyto- 
plasm of cells which could only be de- 
scribed as cells of the lymphoid series. In 
addition, "whorMike” formations have 
been observed in these cells as well as in 
the reUculo-endothelial cells and in macro- 
phages. 



FIG. 19.43 — tow 
power view of 

blastoma. Bud> 
ding of plasma 
membranes (ar- 
rows) and inter- 
cellular virus 
particles. 

X45,000. 




.9: «.C«OSCOP. STUPES OP AVMN PPUKOS.S TUMORS 



Tht changes have been (1959b) and^ 

cells o£ spleen from chickens wi jggQ^ demonstrated 

lymphomatosis, whether induce y blasiosU BA1*A strain virus osteo- 

RPL-12 or strain R virus (Dmochowsk gioblasiosis. visceral jater 

al., 1964). The findings confirm and cx^ el 

lend the original observations ^ described by Burmester as n p 

cells in the spleen from chickens wi original (1961) and 

12 strain induced lymphomatosis (D Baluda and Jamieson ( ) 

chowski et al, 1959c; Dmochowski. 196b Ishiguro et al (1962). 

c,1961: 1963). 


FIG. 19.50 - 

Higher view of 
cytoplasmic inclu- 
sions in nephro- 
blastoma, portly 
vocuolited and 
containing virus 
particles. 

X63,000 





t£ON DMOCHOWSKI 




FIG. 19.47 — Budding cf plat, 
mo membrane of two lym- 
phob’ottt. XVO.OOO. 



\irui particles present in varying numbers, 
hate been observed in all three t>pc$ of 
cells apparciiil) with least fret^ucncy in 
l)mi)hoid cells (Figs 19 1-1, 19.^5, I9.45.\. 
19.10, 19.-10A). In addition, occasional 
'budding" of phuma membrane (Fig. 
19.17) and \er) o(c.isionaUj structures 
totn|x«cd of the fonnaiion of dense small 
ovmiophiUc particles with circular images 


or viroplasm, similar to those present in 
Rous sarcoma. in>clobIastosis, and eryth* 
roblastosis, have been found in the c)tO' 
plasm of cells which could only be de- 
scribed as cells of the lymphoid series. In 
addition, "whorl-like” formations have 
been observed in these cells as well as in 
the rcticulo-endothelial cells and in macro- 
phages. 



calls ia nephr^ 
blosloma. Bud- 
ding of plasma 
mambranas (ar- 
rows) ond inter- 
cellular virus 
porticlas. 

X45.000. 



chapter 19: 


M/CROSCOPE STUDIES OF AVIAN LEUKOSIS TUMORS 


591 



The changes have been i" 

cells of spleen from chickens ws strain 
lymphomatosis, whether induce y 
ML.12 or strain R virus 
«!., 1964). The findings j „„ 

tend the original observations _ 

cells in the spleen from \i. /Dmo- 

12 strain induced lymphomatosis (D 
chosvski et al, 1959c; Dmochowski. 19bW 
c, 1961; 1963). 


nephroblastoma 

Burmester et al. (1959b) and Thorell 
(1958, 1960) demonstrated that myelo- 
blastosis BAI-A strain virus induces my- 
eloblastosis, visceral lymphomatosis, osteo- 
petrosis, and renal adenocarcinoma, later 
described by Burmester as nephroblastoma. 
This original observation has been con- 
firmed by Baluda and Jamieson (1961) and 
by Ishiguro et al (1962). 




f !0 5 < — Virct metn* er 

»ifcr sv"’ brfa^ii-^g lo'. 

fe<*' n nf phfetlQi'OPTo tell 

. :o ::o 
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FIG. 19 . 32 -High maen><‘<(»' 
lion of port of viral motrls 
ihowing cirevtor Imogtt *or> 
rowi) ond d*ni« oirnlephlI>< 
gronvlei. XM^.OO. 
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. vJrsil matnx m 


An electron miscroscope study (Dnio- 
chowsM el aU 1960, 1961. ISf' 

. . -rs,-, iAC9\ Ti»r>Virnhlastoina, Dotli 


chowsM el ah, 1960, 1961. looi, 
ski 1961, 1963) of nephroblastoma, both 
fnducrf and iran, planted has mvealrf 
numerous intercellular occasronal 

toplasmic virus particles Q_jasts 

toplasmic inclusions, similar 
in myeloblastosis (Bonar el ah. • 
dad at mo-. Wemitein el a a im 
Dmochowskl el ah, 1958b. l9Ma). 
with dense osmiophilie 

ing various stages oE vacnobrat ^ whb 
virus particles, either Eew or n ^ 
have been observed (Figs. 19.49 and IMO). 
Budding oE plasma membrane 
leading to virus particle 
chowski el el., 1961) has been 

Irequently (Dmochowskl el ohj W04) b 
in^ erythroblastosis, X 

lymphomatosis or in Rous sar , . 

(Figl 19.48 and 19.51). Agpegates o den« 
mmiophilic particles o£ the 

somes desmbed as vira.1 matrix, with var^ 

ious stages oE virus J, neopla- 

numerous than m other chi 

sias have been observed found 

19.52). Frequently, cells have 

showing simultaneously the 

plasma membrane, viral matrix, and cy 

loplasmic inclusion,. « *ese chang«^^^^ 

judged a, site, o£ vim, »yn*«‘^„ ,„„„d 

of nephroblastoma, they hav 

moreLmerou, than in *e 

Other chicken neoplasia so 

(Draochowski et ah, 1961. 1964). 

These observations , have 

epithelial elements of nephrob as ^jhcr 
been confirmed and exten e . 

cellular elements of this jjjjng of 

ah, 1902a). Only 

plasma membrane but no ot r j 
& viral synthesis have •>«" f 
Stromal cells, sarcomatous cel , 
droqtes. Beard. 

In these studies (^“8“'"““ uiidied 
1%2) no relationship could be o ^ 

between the vitoplasm or "m man. 
the formation of virus parti /Dm“- 

roblastoma cells. In other siui 
dlowski el ah, 1961) £omuimn ° ^ 

bly of virus particles has been 


within the viroplasm or viral matrix in 

sire, up to 1400 A in diameter, when found 
ac^rnty sms 

of Blomemlai 

ni”lri9«crvi-"p-'ci:“s 

IstoDsma^Jchickenswhhmj^^^^^^^^ 

‘n'”?'’T963l’^"t would-be o£ interest to 
i-“Tlt ?v ru Varricle, can be obtained 
n phroUastLa which do not shosv 
Xme »«ivi.y and are infective. 


entymcaivwv.*; — 

NONNEOPLASTIC CEllS AND TISSUES 

Uasmst'visiP-l lymphomatosis, and also 
Rous sarcoma. 

TsmdToflhetbymus^land^^ 

s^iSSrnottfS 

;:''.t5m’’(S05l,;) surrounded by a thtn. 



FIG. 19.51 -Viral matrix or 
viroplosm and budding (ar- 
row) in nephroblastoma cell. 
X30,000. 
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FIG. 19.52 -High magnifica- 
tion of part of viral matrix 
showing circular imoges (ar- 
rows) and dense osmiophihc 
granules. Xl17,00. 
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,r;rs»l matrix in 


An electron miscroscope study (Dm«^ 
i- i.* » /if 1Q60 1961f 1964; Dmochow- 
chowsk. /I al 960 


chowski et al., I960. I™’. . 

ski, 1961, 196S) o£ n=P'''f ,°ld 

induced and transplanted has r^e 
numerous intercellular 
toplasmic virus particles (^ig- blasts 

toplasmic inclusions, "'“PS, 

in myeloblastosis (Bonar et aU ■ 
dad al. 1960: SVeinstem el ul.. 
Dmochowski el al, 1958h. 19S9a), 

with dense osmiophilic matenal. nnderg^ 
ing various stages ot vacuohtat.on whh 

virus particles, either lew or nu > 

have been observed (Figs. 19.49 and 19 51^^ 
Budding ot plasma membrane oE cmis 
leading to virus particle ^ „ 

chowski el al, 1961) has been 
Itequently (Dmochowski el ul., WM) 
in erythroblastosis, 

lymphomatosis or in Rous sar ugnse 
(Figl 19.48 and 19.51). Aggregates o den^ 
osmiophilic particles oE the 
somes desaibed as viral 
ious stages oE virus neopla- 

numerous than in other chick 
sias have been observed ' r^und 

19.52). Frequently, cells have 
showing simultaneously the 
plasma membrane, viral matrix, and cy^ 
toplasmic inclusions, If ^elU 

judged as sites of virus synt found 

of nephroblastoma, they have e 
more numerous than in 
other chicken neoplasia so t 
(Dmochowski etal., 1961’ the 
These observations have 

epithelial elements of nephrob as „ther 
been confirmed and extended to 
cellular elements of this 'j-ijne of 

al, 1962a). Only “““‘'’"“L^ symptoms 
plasma membrane but no oth j F 
of viral synthesis have been j ^hon- 

stromal cells, sarcomatous ceU . 

'^meytes. j Beard, 

In these studies (Hagnena yjjjjed 

19G2) no relationship could be esi 
between the viroplasm or nepb' 

the formation of virus paitiC mmo- 

roblastoma cells. In otlier siu gjseni- 

chowski ct al. 1961) fo>mia»on or ^ 
bly of virus particles has bee 


within the viroplasm or viral “ 

“rr„7u77vry7on°3 

^e!up to 1400 A in diameter, when found 

u ,./! .n nephroblastoma along tne 
observed m P ^ proximal and 

5S^7?^mi:eS77 

cartilage p ^ the en- 

of Jfles ° hkh develop from 

r^eXaFso do not show the Fnrymc 
at 196Sc). Virus particles Erom 
l7 ma'cl Skens wiFh myelob las- 
blood plasn“ ° activity and are InEective 
'°u””rT9l? I w7w be o£ interest to 
1 Foul Uv ins panicles can be obtamed 
?om Mptaoblasmma which do not show 

Iney™' 

NONNEOFIASTIC CEllS AND TISSUES 

•n other infections with the so-called 
j * ’rv or infectious viruses, cells and tis- 
ordinary or i narticipaie directly in 

’F“ iustkpmces^s have been Eoimd in. 

chicken tumor viruses. This is 

ortant observation and may have an 

an jng on the interpretation 

important hserved in reticular cells 

ot Uic oresent in the spleen 

and in erythroblastosis, myelo- 

U„t7"heetal lySpbomatosis. and also 
Rous sarcoma. 


Ihyinus °lo"^ thymus gland ol chickcni 
A study ot the tni-m™ 6 , l%3j) 

w.Uh “ Fed replacement of lEj 

"" .‘‘“Te o? the cor’Fex but no. ol 4, 

lymphocytes ^ presence, 

medulla by bl t^ ,phj^ 

A) surrounded l.y i,,. 



FIG. 19.51— Virol matrix or 
viroplosm and budding (ar> 
row) in nephrobloslomo cell. 
X30,OQO. 
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FIG. 19.52 -High mognifieo- 
tion of part of viral moln* 
showing circular image* '.‘jf" 
rows) and dense osmiophiht 
granules. Xl17,00. 
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dense ring, and enclosed by a less dense 
structure of 100-120 A in thickness. Oc- 
casional budding of plasma membranes of 
the blast cells leading to virus particle for- 
mation has also been observed. Cytocliem- 
ical studies have revealed the presence of 
adenosine triphosphatase activity of the 
plasma membranes and on the surface of 
individual virus particles. Similar studies 
of the thymus gland of chickens with 
erythroblastosis strain R have failed to re- 
veal any specific changes. The blast cells 
may be a response of the reticular or lymph- 
oid cells to BAI strain A virus (de Th^ et 
al., 1963a). Cells of chickens with nephro- 
blastoma which produce the same virus by 
“budding” apparently do not show these 
cytoplasmic changes (Heine et al, 1062a) 

The enzyme adenosine triphosphatase 
first demonstrated in viroplasts or cytoplas- 
mic inclusions of myeloblasts (Bonar et al., 

1960) has also been found in the budding 
plasma membrane of the blast cells present 
in the thymus gland (de Th^ et al, 1963a). 
It is also present, as already mentioned, in 
the plasma membrane of some epithelial 
cells of nephroblastoma and in their bud- 
ding (Heine et al, 1962a). It is of interest 
that other cells of nephroblastoma appar- 
ently do not exhibit the same enzyme ac- 
tivity, although they appear to form virus 
by budding of their plasma membrane fde 
Thief a/., 1962). 

Viras particles have also been found in 
the intercellular spaces of the thymus 
gland and in cytoplasmic vacuoles of cells 
described as of reticular origin. 

Pancreas 

Acinar cells of the pancreas of chicken 
embryos from supposedly normal hens and 
of apparently healthy chicks have been 
found to show budding of plasma mem- 
brane (Zeigel, 1961) similar to that ob- 
served in lymphoblasts, myeloblasts, eryth- 
roblasts, and in the epithelial cells of neph- 
roblastoma (Dmochowski et al, I960, 

1961) . The occurrence of the budding 
phenomenon has been found very fre- 
quently in die cells of the pancreas. It has 
not been found in the cells of the liver. 


lung, kidney, spleen, small intestine, and 
heart, although characteristic virus parti- 
cles (800 A) composed of two concentric 
double membranes and a central dense 
nucleoid, have been observed in the inter- 
cellular spaces, in the cytoplasmic vesicles, 
and in vacuoles of cells, in all these organs 
as well as in the pancreas. The cells of the 
pancreas may be a site of tumor virus for- 
mation in latent or subclinical infections 
(Zeigel, 1961). 

As yet there is no evidence that the 
characteristic virus particles in the pan- 
creas of normal chickens are infectious par- 
ticles, although their structure is identical 
with that of the particles found in Rous 
sarcoma, erythroblastosis, myeloblastosis, 
and visceral lymphomatosis ("extravascu- 
lar”). This similarity gains in significance 
in view of the results of studies on the 
transmission of avian tumor viruses, such 
as visceral lymphomatosis (Burmester, 
1957), Rous sarcoma, and erythroblastosis- 
lymphomatosis (Burmester et al, 1960a, 
b,c). 

Characteristic virus particles in the 
spleen and in the bone marrow of normal 
chickens and apparently normal embryos 
have been described previously (Benedctti. 
1957; Benedetti et al, 1956). They have 
also been described in tissue culture of 
such cells (Febvre and Benedetti, 1958). 
They have been found extracellularly in 
cytoplasmic vacuoles, or vesicles, and in 
cytoplasmic inclusions or viroplasm. Some 
of the structures in the different cells may 
be the result of phagocytosis, but at least 
some are due to the infectious process. 

Similar evidence of the presence of virus 
in chick embryos has been obtained in an- 
other way (Rubin, 1960). An agent was 
found in cultures of tissues from some em- 
bryos which inhibited the infection of cells 
by Rous sarcoma. This agent was found 
to be the RPL-12 strain virus. Further ex- 
tracts of apparently normal chick embryos 
have been found to transmit the neoplas- 
tic disease (Burmester, 1952). The recently 
reported RIF (resistance inducing factor) 
(Rubin, 1961) may be latent lymphoma- 
tosis virus, known to be present in many 
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matosis (Dmochoarsti el ol., 
cells appear to participate in virus syn 
thesis more actively and more 

than the respective tumorous cells of the 

erythroid, myeloid, or lymphoid 
„o\ exclusively, as reported fy ^ 
(1963). Mactophagehke cells in Ro 
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Only biological tests of the extracts of 
the pancreas, showing the described mor- 
phological changes in apparently normal 
embryos and chickens, and in chickens in- 
fected with the myeloblastosis virus can 
determine the type of virus involved. It 
remains to be ascertained whether in the 
particular findings (Zeigel, 1961) or in 
those with the pancreas of infected chick- 
ens {Heine et al, 1963), the virus of vis- 
ceral lymphomatosis (RPL-12) or myelo- 
blastosis was involved. 

It is now known that erythroblastosis 
and visceral lymphomatosis develop in 
chickens maintained in contact with chick- 
ens bearing Rous sarcoma virus {Burmesier 
et al., 1960b). In addition, as already men- 
tioned, the RPL-12 strain of lymphoma- 
tosis virus induces erythroblastosis (Bur- 
mester, 1952) and the BAl strain A of my- 
eloblastosis virus induces visceral lympho- 
matosis, osteopetrosis, and nephroblastoma 
(Burmener et al., 1959b). It would be of 
interest to ascertain whether the virus par- 
ticles can be identified with the BAI-A 
strain myeloblastosis virus by the adenosine 
triphosphatase reaction. This, however, 
may be difficult as apparently only some 
cells show production of this enzyme, while 
other cells of chickens infected with the 
myeloblastosis strain A virus, such as 
chondrocytes and cells which lead to col- 
lagen formation present in nephroblastoma, 
fail to show the enzyme production {Heine 
etal., 1962a). 

The failure to observe virus panicles 
in the pancreas of chickens with erythro- 
blastosis induced by either strain R or 
ES4, need not necessarily indicate that the 
particles are not present in this organ. It 
may, of course, be an outcome of cell-type 
response to these two particular strains of 
avian tumor viruses. 

Liver 

Chickens with extensive hepatic lympho- 
matosis (massive parenchymal infiltration 
with lymphoid cells) induced by BAI strain 
A myeloblastosis virus show virus particle 
formation by budding of plasma mem- 
brane of lymphoid cells and in microvilli 


of liver parenchymal cells at the bile can- 
alicular border (de Th^ et al., 1963b). In 
chickens with myeloblastosis, virus par- 
ticles have been found in the lumen of 
canalicult but no budding has been ob- 
served. Budding and virus particles ap- 
peared to be related to virus concentra- 
tion in the invading lymphoid tissue or in 
die circulating blood plasma of myelo- 
blasts. No budding or virus particles 
could be found in the liver with extensive 
lymphomatosis induced by transplanted 
nephroblastoma (dc Thi et al., 1963b). 

The myeloblastosis virus induces, as al- 
ready mentioned, a broad spectrum of neo- 
plasias in chickens (Burmester et ai, 1959b) 
and non-ncoplastic response in the thymus 
gland (de Th6 et al., 19G3a; A^ et al, 
1963) and in the pancreas (Heine et al, 
1963) in the infected chickens. It appears 
that the liver cells reveal a similar phenom- 
enon of budding to that observed in the 
cells of the pancreas of infected and of 
some normal chickens, and also in die cells 
of normal chick embryos (Zeigel, 1961). 

It is of interest that the hepatic cells 
showing the budding phenomenon show no 
evidence of hyperplasia or any cytological 
alterations (de Th6 et al, 196Sb). Thus, it 
is possible in the virus-host cell reaction to 
have virus synthesis with or without neo- 
plasia. 

RETICULAR CELLS AND MACROPHAGES 

The presence of avian tumor viruses m 
the cells of the thymus gland and of the 
pancreas as well as in the cells of other or- 
gans has now been ascertained. These 
cells do not participate directly in the 
neoplastic process, but nevertheless they 
are the seat of tumor virus synthesis. Sim- 
ilarly, reticular cells and macrophages of 
the spleen, bone marrow, and other tis- 
sues contain the virus and apparently are 
the seat of virus synthesis in myeloblas- 
tosis (Dmochowski et al, 1958b; Parsons et 
al, 1959), in erythroblastosis (Benedetti 
and Bernhard, 1958; Benedetti and Lep- 
lus, 1958; Dmochowski et al, 1958a, 1959b; 
Heine et al, 1961; Iwakata, 1958; Iwakata 
and Amano, 1958) and in visceral lympho- 
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ment with enzymes and electron micros- 
copy have demonstrated that treatment 
with ribonuclease, under suitable rendi- 
tions, leads to die removal o£ the core of 
virus particles present in Rous sarcoma 
tumors. A conclusion was therefore reached 
that this virus is an RNA-carrying virus 
(Epstein and Holt, 1958; Yamaguchi. 
1962). 

The virus particles, especially particles 
found outside the cells, vary in size and 
appearance, especially those found in 
nephroblastoma (Dmochowski, 1961, 1963; 
Dmochowski et at., 1960, 1961; Heine cl 
al , 1962). This variation in size does not 
appear to be an artifact and may have 
some, as yet unknown, significance (Dmo- 
chowski et al, 1961). Nevertheless, virus 
particles present in the cytoplasmic inclu- 
sions or gray bodies (viroplasts) for the 
most part show a remarkable uniformity 
in she (800 A) and spherical appearance, 
at least as far as can be judged by the tech- 
niques available at the present time. They 
are composed of a nucleoid, electron-lucent 
zone and outer double membrane. A quan- 
titative correlation between the virus par- 
ticles present in Rous sarcoma cells and 
tumor-inducing property has been ob- 
tained (Haguenau et al, 1958; Epstein. 
1958, 1960). This is most encour.iging as 
morphology alone can not serve as a cri- 
terion for the identification of a virus 
(Dmochowski, 1960b: Haguenau, 1960; 
Haguenau and Beard, 1962). 

There is no doubt that too much em- 
phasis cannot be placed on the sizes of vi- 
rus particles as they appear in sections of 
tissues or high-speed centrifugal pellets of 
virus preparations. With this proviso, a 
comparison of the sizes and appearances 
of virus particles in tissues from different 
chicken neoplasms prepared in an identical 
manner can be made. Even in such uni- 
formly prepared tissues or high-speed cen- 
trifugal pellets the particles of a certain 
strain may vary in size, shape, and inter- 
nal structure. This is obviously not en- 
tirely the result of preparation procedures, 
but may indicate various stages in vims 


particle formation and maturation. Cal- 
culations from sedimentation data of BAI 
strain A myeloblastosis virus (Sharp and 
Beard, 1954). indicate the size value of 
1100 A for the virus in hydrated state. It 
is of intcicsi that at least some extracel- 
lular vims particles in the spleen of cliick- 
ens with myeloblastosis (granuloblastosis) 
and in nephroblastoma are of the same 
size or arc even larger. Tlierefore, the size 
and even ilie appearance of virus particles 
has (o be taken with reservations. It is sub- 
ject to revision as the various biophysical 
and electron microscope techniques of 
preparation of biological specimens arc de- 
veloped and improved. 

The BAI strain A vims has been found 
to show strong activity to dephosphoryl- 
ate adenosine and snosine triphosphates 
(Beard, 1963). The myeloblastosis virus 
particles in purified preparations also cany 
the enzyme (Green and Beard, 1955). This 
enzyme activity is proportional to the num- 
ber of particles shown in the electron mi* 
crosco|)c study of the plasma of chickens 
with myeloblastosis or in tissue culture flu* 
ids from myeloblasts grown m vitro (Beard, 
1965). h is due to the inclusion of plasma 
membrane in the coat of the particles 
(Beard, 1963). Sedimentation, electropho- 
resis, and immunological studies (Beard, 
1963) have demonstrated an intimate asso- 
ciation of the enzyme activity with the 
vims. There is no evidence to suggest the 
possible biological significance of the as- 
sociation of the enzyme activity with the 
BAI strain A virus. Although probably not 
unique, this phenomenon nevertheless is of 
great interest, especially in view of the ob- 
servation that loci of vims synthesis (viro- 
plasts) in the neoplastic cells (myeloblasts) 
exhibit similar enzyme activity (Beard, 
1963). This enzyme activity is also present 
in the budding plasma membrane of 
epithelial cells of nephroblastoma (de Th6 
et al., 1962) and of the thymus cells of 
chickens with myeloblastosis (Beard, 1963). 
Nevertheless, plasma membranes of the 
cartilage cells and chondrocytes do not 
show enzyme activity (de Th^ et al, 1962) 
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iafected diicken organs, not directly in- 
volved in the neoplastic process, as well as 
to the constituents of cells of apparently 
normal chickens. The cells show viroplasm 
or viral matrix formation, cytoplasmic in- 
clusions or viroplasts and the budding of 
plasma membrane. However, there appear 
to be quantitative differences in the type 
of response of cells of different origin to in- 
fection with the different virus strains. 
The apparent differences in the process of 
myeloblastosis virus synthesis in the thymus 
gland, kidney, and other cells may con- 
ceivably be only an expression of quantita- 
tive differences which may he revealed by 
further extensive electron microscope 
studies or they may be a real expression of 
the reaction of the different cell types to 
infection with the same virus. Neverthe- 
less, some cells, such as raaCTophages, and 
reticular and epithelial cells apparently 
are capable of synthesiiing avian tumor 
viruses in a manner similar to that of the 
cells (myeloblasts, erythroblasts, lympho- 
blasts) which respond by unrestricted pro- 
liferative growth. As some types of cells 
are capable of perpetuating the avian tu- 
mor viruses while other types of cells re- 
spond by neoplastic behavior, the level at 
which electron microscopy is now looking 
at virus infected cells is obviously not 


capable of giving an indication of the 
morphological changes which lead to neo- 
plasia. Electron microscopy with further 
improvements in specimen preparation and 
resolution may reveal even finer details of 
changes which occur in the cells infected 
with neoplastic viruses. It is apparent 
however that only if combined with other 
approaches electron microscopy may con- 
ceivably give some indication of the nature 
of the neoplastic process. While this may 
be a long-term goal, a more immediate aim 
appears to be the electron microscope 
study, preferably combined with cyto- 
chemical studies of suitably prepared speci- 
mens of one type of neoplasia induced by 
viruses of different strains, for example, 
a study of erythroblastosis induced by 
strains R. ES4, RPL-12, or by Rous sar- 
coma. Such studies may help to determine 
whether the morphological changes ob- 
served in erythroblasts of the infected 
chickens will be similar or will reveal the 
quantitative differences characteristic of 
the particular virus strains. There is no 
doubt that correlative biological, cyto- 
chemical, and electron microscope studies 
will shed much light on virus-host cell re- 
lationship not only in avian neoplasia but 
in other types of cancer of viral origin. 
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Infectious Bronchitis 


\vian infectious bronchitis is 
highly contagious, respiratory 
chickens. The disease may occur m alUg« 
groups, but in the United States and 
ada it is particularly a was 

laying flocks. I^^Eectious 
first reported by Shalk and North 

.hoh^d observed the duease^.nj^on 

Dakota in the spring • , ,1., be- 

came widespread, as indicate y 
pom o£ others: Blandly 

Hudson (19S3), . n,„i, and 

(1933), Beach (1934), »”>' has 

Schalm (1936). Inlcctious hronm 
also been reported to °“‘‘^-.ijerlands 
(Komorov ef al , 1941), th niilenga. 
(Swierstra, 1947; J948)' Germany 

1956), England (*>?'“■ ' , 1955a; 

(Fritrsche, 1®2), Japan (Sato « 

1955b: Kawakubo et al., 19 '(gtg. petek, 
assi. 1956; Papparella ' ’ Q^eec* 

1956; Petek and Corauol^ 

(Ayfantis. 1956). Brazil (Hipo» • 


France (Brion et al, 1959). and Hawaii 

causative agent of in- 
fectiouslronchitis is a filterable virus. T^e 
Tarpeia pulU has been proposed for 
,ho virus (Merchant and Packer. 1956). 


Tarpeia pulH has been proposed ioi 
the virus (Merchant and Packer. 1956). 

-tai (1948) have estimated the 
be 'about 6^135 m,. (raillimi- 
in size. Filtration studies through 
So'ool menrbrane fillers also placed dte 
Slticle size within this range, 70-105 
™ (Holstad, 1957). The virus passes the 
Sb EK pad, all grades ol Berketeld fl. 
;Ss wid the Selas 06 filter. It can be gi„*„ 
hi the developing chicken embryo, where 
the virus causes stunting or death of the 
“hryn alter a few serial passages. 

Infectious bronchitis ''™> >>« been 
mown in cell cultures of chicken embryo 
kidney cells and fil>tn““‘‘ (a«»iak el 
1958; Cunningham, I960, Pen. ,950. 
and Kawamura et al, 19 )• Only the em- 

biyo-adapicd strains, such as the Beaudettc 
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icrain, will grow in cell cultures. Growth 
IS cleicacd by a qtopathic cSect which 
can be neutralized by specific immune 
serum. Mailman and Cunningham (1963) 
found, in allantoic fluid infected with in- 
fectious bronchitis virus, a factor which en- 
hanced tlie attachment and rapid for- 
mation of monolayers of chicken embryo 
cell cultures on glass surfaces. Caibo and 
Cunningham (1959) found infectious 
bronchitis \irus to agglutinate chicken red 
blood cells after having been treated with 
1 per cent trypsin for 3 hours at 37° C; 
however, the reaction could be inhibited 
by normal as well as immune scrum. Mul- 
doon (19C0) reported that the hemaggluti- 
nin could be released after treating the 
virus with 1 per cent trypsin for 30 minutes 
at 56® C. The treated virus could be stored 
for 5 weeks at —65® C. without loss of 
activity. 

Infected tissues stored in 50 per cent 
gljccrin retain their activity for at least 
SO days in a refrigerator (Beach, 1918). 
In this medium, tissues can be shipped 
to a laboratory for diagnosis without re- 
frigeration. Broncliitis virus in phosphate 
bulfer at pH 7.79 remained active for 170 
days at 4oC. and for 142 days at pH 8.2 
in undiluted allantoic fluid (Cunningham 
and Stuart, 1947a). These authors (1916) 
found a laboratory strain of infectious 
bronchitis to be destroyed by common dis- 
infecting agents such as 1 per cent phenol. 
1 per cent liquor cresolis saponatus. 
1:10,000 potassium permanganate solution, 
70 per cent ethyl alcohol, and I per cent 
formalin witliin die three minute contact 
period. Quiroz and Hanson (1955) re- 
ported broncliitis virxis to resist 1 per cent 
IICI or pll 2 for 1 hour at room tempera- 
ture. a ueatment which inactivated 
loryngotraclicitis and fowl pox viruses. 
They also found I per cent phenol to have 
no effect on bronchitis virus exposed for 1 
hour at room temperature, a treatment 
which inactivated the strain of New- 
castle disease virus. Ether (20 per cent) re- 
duced die titer but did not inactivate the 
virus, 01 was also found by Petek and 
Corozzola (195S). Most strains of bronchi- 


tis virus, diluted 1:100 in 20 per cent horse 
serum broth, were destroyed after 15 
minutes’ exposure to 56° C.; however, 
there was considerable variation among 
the strains studied (Hofstad, 1956b). Singh 
(1960) studied the thermostability of bron- 
chitis virus at 56° C. He found a bimodal 
inactivation at 56° C. indicating existence 
of two phases, an O (original) phase which 
was thermostable and a D (derivative) 
phase which was thermolabile. Virus 
strains in high embryo passage, such as the 
Beaudette strain, arc in the D phase. 'The 
O phase was also found to be more resist- 
ant to formalin than the D phase. Cun- 
ningham and Stuart (1947b) found that 
freezing and thawing had no harmful effect 
on the virus. The virus has remained 
active for at least 19 years in the lyophi- 
lizcd state at 3° C. It has remained active 
lor at least 7 years stored at —25* C. to 
—30° C. in the form of infective egg fluid 
(Hofsud. 1957). Buihala ^956) found 10 
per cent glucose to give a stabilizing effect 
on bronchitis virus in the frozen and ly- 
ophilized state. 

Transmission and incubation period* 
The incubation period of infectious 
bronchitis is 18 to 36 hours, depending 
on the dosage and route of inoculation. 
Chickens exposed to an aerosol of undi- 
luted infective egg fluid regularly have 
tracheal rales within 18 to 24 hours. 
Natural spread requires about 36 hours or 
tuore. The disease spreads rapidly among 
birds in a flock. Susceptible chickens can 
be readily infecied by intranasal or intra- 
traclieal inoculation of tracheal exudate 
or lung tissue suspension from an infected 
chicken. Air-bome transmission has been 
demonstrated experimentally (Levine and 
Hofstad. 1947), and field observations in- 
dicate that transmission through the air 
Ukes place readily. Hofsud and Kenzy 
(1950) found natural air-bome transmis- 
sion a reliable means of exposing birds in 
challenge experiments. 

^e cpizootiology of infectious bron- 
chitis is not well understood. The recur- 
rence of the disease year after year on Uie 
same farm may indicate that some re- 
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covered birds remain carriers of the virus, 
thus perpetuating the infection. However, 
attempts to demonstrate carriers under ex- 
perimental conditions have not been suc- 
cessful. Following inoculation of a group 
of chickens with bronchitis virus, Fabri- 
cant and Levine (1951) were unable to 
detect the presence of virus in tracheal 
swabs and in the yolk of eggs collected 
from the recovered birds after 36 days. In 
nine trials where bronchitis-recovered birds 
were placed in contact with susceptible 
chickens, Hofstad (1947) was unable to 
demonstrate the presence of virus longer 
than 35 days after recovery. Petie (1959) 
has recovered bronchitis virus from the 
cloacal contents up to 24 days after experi- 
mental oral infection. 

Symptoms. The most characteristic 
symptoms in young chicks are nasal dis- 
gasping, rales, and coughing. The 
chicks tend to crowd under the hover to 


keep warm. Wet eyes are commonly seen, 
and swollen sinuses may be observed oc- 
casionally. As tlte disease progresses, many 
chicks beaame weak and depressed. In* 
feaious bronchitis in chicks under 2 weeks 
of age may cause permanent damage to the 
oviduct, resulting later in false layers 
(Broadfoot et al., 1956). However, this is 
not the only cause of this condition ac- 
cording to Hutt et al. (1956). Mortality 
in very young chicks may be as high as 25 
per cent, bur in chickens over 6 weeks of 
age mortality is negligible. Prince et al. 
(1962) found feed consumption and weight 
gain significantly reduced by bronchitis in- 
fection. 

In chickens over 6 weeks of age and in 
adult bird* the outstanding symptoms are 
gasping, traclieal rales, and coughing. A 
nasal discharge is usually not observed. 
Blood counts taken during the course of 
the disease reveal a leukopenia during the 
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fint 2 da)s followed by a leukoqrtosis 
which declines after the seventh day to 
reach normal by the fifteenth day (Ma- 
chado, 1951). 

In lading flocks, production will de- 
cline, and misshapen, rough, and soft- 
shelled eggs (Fig. 20.1) may be found 
(Gordeuk and Bressler, 1950; Van Roekel 
et al., 1951; Hill and Lorenz, 1956; Sevoian 
and Levine, 1957). Broadfoot and Smith 
(195-1) found egg production reduced 25 
per cent, the number of unsettable hatch- 
ing eggs increased 92 per cent, and batch- 
ability reduced 7 per cent in outbreaks of 
bronchitis studied. Laying of poor quality 
eggs may continue in some flocks even after 
recovery of full production. Birds affected 
in tlie latter part of their laying year usu- 


ally have a marked drop in egg production 
and some degree of molt. Such flocks re- 
quire long periods of time to recover pro- 
duaion. Pullets in good condition whicli 
have started to lay may suffer only a slight 
drop and regain normal production within 
a few weeks after recovery from respiratory 
symptoms. The course of the disease is 
usually one to two weeks, although it is 
not uncommon for a few birds in the 
flock to have symptoms for longer periods. 

Pathology, On necropsy of affected 
chicks, a serous or catarrhal exudate is 
observed in the trachea. There is a catar- 
rhal or a fibrinous inflammation of the air 
saa. In chicks that die, yellowish, caseous 
plugs may be found in the lower trachea 
and bronchi. Small areas of pneumonia 


FIG 20.2 — Portion of 
trachea from on ex- 
perimentally infected 
bird 72 houri follow- 
ing inoculation, show- 
ing thickened Irocheol 
mucous membrane due 
to cellular Infiltrolion 
ond edema. X450. 
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around the large bfonchi may be present 
occasionally. Very joung chicks also have 
a catarrhal inflammation of the nasal 
passages and sinuses, causing nasal dis- 
charge, wet eyes, and occasionally swollen 
sinuses. As chicks grow older, this lesion is 
less common, and in birds over two 
months of age there is seldom gross in- 
volvement of the upper nasal passages and 
sinuses. 

Hofstad (11M5) found a thickening of 
the tracheal mucosa and submucosa due 
to edema and diffuse cellular infiltration 
as the principal microscopic lesions in the 
respiratory tract (Figs. 20.2 and 20.3). 
There was no interruption of the conti- 
nuity of the tracheal epithelium, and the 
lumen contained an exudate in whicli 
cellular elements svere usually sparse or 
absent (Fig. 20.4). No inclusion bodies 
have been observed. On necropsy of in- 
fected chickens that are in production, 
fluid yolk material is found in the ab- 
dominal cavity. This is a nonspecific 


change and is found in other diseases 
causing a marked drop in production. 
Sevoian and Levine (1957) studied the 
gross and microscopic pathology of the 
reproductive tract of infected chickens and 
chickens subjected to physiological stress 
(removal of feed and water). Oviduct 
length and weight were markedly reduced 
in both groups, but return to normal re- 
quired 21 days for the infected group but 
only 11 days for the group under stress. 
Ovarian regression was similarly affected. 
Rficrosoopically the height of the cellular 
epithelium lining the oviduct was sharply 
reduced and the cells became cuboidal in 
shape with some loss of cilia.. Dilation of 
the glands occurred in half the oviducts 
studied. In the lamina propria and inter- 
lubular stroma of the oviducts, lympho- 
cytic foci and cellular infiltration were 
present. Significantly fewer changes of a 
similar nature were seen in the group un- 
der stress. 

Immunity. Chickens that have recovered 



FJO. 20,3 - Portion of 
trochee from o field cose 
of infectious bronchitis, 
showing cellular inflltra- 
lion and edema of the 
mucosa and submucosa, 
vaicuiar congestion, voc- 
uoiafion of (he epitheli- 
um, ood hemorrhoge in 
the submucosa. 
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from infectious bronchitis are resistant to 
intratracheal inoculations as soon as symp- 
toms have subsided. It requires about 3 
weeks for most birds to reach a high level 
of antibodies following exposure to bron- 
chitis virus (Fabricant, 1951). After re- 
covery, antibodies can he demonstrated 
for one year or longer. Most flocks that 
have experienced an outbreak of bron- 
chitis are immune for at least 12 months. 
Observations by Van Roekel et at. (1950), 
however, have suggested that immunity 
to the disease may decline sufhcienily lor 
reinfection to occur in some flocks follow- 
ing exposure to the virus. Jungherr and 
Terrell (1948) have demonstrated that 
eggs laid by recovered hens will carry anti- 
bodies which will later be absorbed by the 
hatched chick. Antibodies were found in 
the serum of the chick for 3 weeks. Sucli 
passive antibodies, however, did not serve 
to completely protect the clucks against 


natural cxjrosurc to infectious bronchitis 
(Holsud and Keniy, 1950). 

Diagnosis. The diagnosis of infectious 
brondiitis must be based upon isolation 
of the virus or by demonstrating an as- 
cendisig antibody titer against a known 
strain of bronchitis virus. 

It is dilficult to attempt even a pre- 
sumptive diagnosis in tlie early stage of 
the disease because its clinical manifesta- 
tions arc similar to those of Newcastle dis- 
ease and laryngotrachcilis. After the dis- 
ease has progressed suflicicnlly, knowledge 
of the symptoms, mortality, and duration 
makes possible a presumptive diagnosis. 
Fabricant (1050) has found that a typical 
clinical history of infectious brondiitis 
coupled with a negative hemagglutination 
inhibition test for Newcastle disease justi- 
fies a presumptive diagnosis of infectious 
brondiitis. This would be valid in areas 
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where these two respiratory diseases were 
the only ones commonly 

Vims isolation. Inlecttous 
virus may be isolated by 
inoculation ot susceptible chicks wtth a 
broth suspension ol lung and trachea ml 
lected irom an infected 
early stages oi the disease. Symp 
tracheal rales will follow an 
period oi 18 to 36 hours. 
cubation period is characteris 
lectious bmncltitis. Inoenlatton oi torn 
susceptible and immune 
give deSnile information tor a , 

However, this procedure is not commonly 

“Strof the virus is mon^^^^ 

done in the embryonating chieb'n 

Thi$ is achieved by inoculating 

sion ot lung and trachea inw ^^onaiing 

cavity oi 9- to ll-day-old 

eggs The virus may also be Eou^ 

tissues to a lesser extent, such 

ous humor (Flowers ^ •• , nancreas 

spleen, kidney, bursa, air sac, a 
t?ioIs.ad, 19i2). ^“"““‘“ rd'by 
in the inoculum are controlled oy 
filtering through a bacieriolo^ 
by adding a mixture of embryo- 

presence of bronchitis virus 

nating egg following i„i,ial pas- 

what difficult to discern in . 

sage since there is little c . Dwarf- 

majority of the embryos 

ing of a few embroys by 

survival of most of the r bronchitis 

tial passage is characterntic de- 

virus. Its presence can o j,ea) inocu- 

tected, however, by the mr alJan^**' 

lation oi susceptible dnoculaliM 

fluid collected after a p brondnn® 
period o£ 48 to 96 '“’“vlv, will have 
virus is present, the c g 36 

tracheal rales after a period 
hours. t-.ivv'ned followi°B 

The information °bW a 

the above procedures. 8 would 

typical flock history ^tiont 1>">“‘^ 
permit a diagnosis of i - further e^ 

within 3 or 4 days. ° and the de- 

passages of the isolated vrrus 


rection ol anttbodics in 
Ito re»ve“tLld positively confirm the 

->‘&oii— 

on the embryo has ,jg3,) nja. 

b, Beandetre and Hudson 

S":li..(®0).andRaggie^ 
‘V' finTofa £";'”dnrilg‘^th= 

duce dwarfing o curling, and 

initial egg be Uen 

death of the em ty^^^ third, and succeed- 
quenlly t piaal dwaried embryo 

,„g pa“»P>'. aonsistently as 

(Fig. SO-S)"'' ^'“'"“ncreases, Simpson 
,he number of P S temperature 

(1958) ‘““"B “ a the virus growth, virn- 
to markedly stabilitv in embryo- 

lence^, and 

nated eggs- One s rat jpenbated at 

same maxtmnm ^ed at least SO 

34- C. or 88 C., but it H ^ 

wras'^rr— 

H In opening the air-cell end oi the 
served. In opening , 

'*!’ S tom^ith the thickened amnion 
ai”nrto the embryo. The yolk 
closely adheren ^ increased 

sac •PP'y® iiy dear allantoic fluid is 
A ^s renrinternal lesion oi dt. 

present. A »n ^ p„,,s,. 

bronchits-tnfe ^^^_^_^O^aos contam.ng 

'nrSts. This I'”” , =PP=le“ J^bryo “S 
«'^f%e^iflriorlr“onS:rtirin7ection. 

isnMnn fonnd^in 

^ hVrvirm'iJ^be thickened amnion 
bronchitis virus allantois cover- 

and adjacent lay -j-^e beginning 

ing the stunte jj' be detected on 

isrL‘SeS°following inoculation ol 
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eggs with lencogenic strains o£ Nesvcastle 
disease virus. 

The microscopic lesions in the embrjo 
have been studied by Loomis et al. (1950) 
They found perivascular cuffing in the 
livers of about one-third of the infected 
embryos. Extensive necrosis and congestion 
of die kidneys were also prominent. Edema 
was present in the amnion and chorio- 
allantoic membrane. 

The embryo mortality following inocu- 
lation of brondiitis virus increases with 
the number of serial passages. Beaudetie 
and Hudson (1937) observed very few 
dead embryos during the first six passages 
when inoculations were made on the 
chorio-allantoic membrane. However, in 
the seventli and later passages the ma- 
jority of embryos died. Delaplane and 
Stuart (19H), likewise making the inocu- 
lation on the chorio-allantoic membrane, 
observed a greater mortality v»iih each 
succeeding egg transfer. In early passages 


the monaliiy occurred late, but in subse- 
quent transfers the embryos died by the 
end of the second day. Hofstad (1952) 
observed an average mortality, following 
inoculation into the allantoic sac, of less 
than 10 per cent during the first passage, 
61 per cent by the fifth serial passage, and 
83 per cent by die ninth serial passage in 
a study of field strains of bronchitis virus. 

Infectious bronchitis virus propagated 
in the embryonating egg gradually loses 
its ability to infect chickens. This loss of 
pathogenicity for chickens occurred after 
89 egg transfers with a Rhode Island 
strain mentioned by Delaplane and Stuart 
(1941). Hofstad (1952) confirmed these 
findings with another strain propagated 
via the allantoic sac route. Hoekstra and 
Rispens (1960b) found their strain of bron- 
chitis virus to possess some pathogenicity 
after 120 embryo passages. Larose and 
Van Roekel (1961) observed strain 42 
(Beaudette) to be pathogenic for chickens 
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alter 300 serial transfers in embryos. The 
loss ot pathogenicity for the chicken is at 
companied by a loss ot immunogenic prop- 

“'■The distribution of the virus of inl^ 
lious bronchitis in the embryonating t® 
has been studied by Cunningham and tl 
Dardiry (1948). Following inoculation 
into the allantoic sac. the highest concen 
nation of vims is recovered from « c 
chotio-allantoic membrane followed 
order by the allantoic fluid, amnumic 
fluid, and the liver. The highest contem 
nation of 10' embryo lethal doses 
detected 36 hours after inoculation. A do 
crease of titer resulted if eggs ^ 

the incubator after death of the 
Gronpe (1949) detected an 
substance in the allantoic flui 
eggs. The substance was ho' 
infected eggs were removed 
or not more than two hours aher 
the embryo. Hitchner and 
studied the growth curve 
strain (20-30 embryo passages) ot inie 
tious bronchitis virus in eggs and oun 
maximum virus concentrauon . . 
hours after allantoic route ■-‘teul^mn 
The embryo lethal 
Virus was £ound to reach its 
titer in 12 hours. , 

Detection o£ antibodies agai 
chilis virus, infected chickens are Jlrf »n 
the initial stages of the Jted 

in 5 weeks. Both samples of sera ar 
for antibodies against in 

Demonstration of a low an i y 
the serum collected during * ® ^ 
stage, followed by a high u ^ 'nrectious 
covery. constitutes a diagnos.s of infect. 

bronchitis. rteieciing anti- 

The usual method of ^jj^fons in 
bodies is to set up „japtcd bron- 

broth of a known embryo P 
chitis virus, such as the Beau inocu* 
The virus titer is deierminea oy 
laling each ten fold ‘ i,I embryo- 

of four or fiv-e 9- to 12 ^y 0.05 ml- 
natmg eggs. Each made. 

When the virus dilutions vim* ** 

a portion of each dilution 


muted in a separate mbe 
amount of suspect serum. The P“ 

tions arc mixed by shaking the tubes. Each 
mixture of virus dilution plus serum is 
to” oculated into a set ot four or Bve 
embryonating eggs, using 0.1 “ ■ 
the neutmliration occurs 
maximum neutrahration m 15 minutes 
(Cunningham. 1957), Neutraliiation of 
the Vitus is exponential (Page and Cun- 

””C;nf toculation, the eggs are 
i„c,!b^ fnd candled daily lor one week 
to remove eggs containing dead embryos. 
^hrsS per cent end point of emb^o 
mottahty in each 

mrmmed by h between 

to elld represents the neutrahrmg 

e-anacitv of the serum. For example, if ^ 
mLuUiv end point of the virus titration 

'“-^^^“rS’serwouisriS^net 

^‘‘H?4rcap.ry’of'n:rrTMto 

"'“m may range bom 0 to a maximum 

“ r? ;sz,"s" 

w“"nie (1959) and Woernle and Brunner 
S hifdlonsirated bronchitis anti- 
^ J- hv the aear gel precipitation tecli- 
Th test is dLe by plating antigen 
"T'' ^ famo e membrlne suspension 
mm w”“d embryos) in one well in 

humected antiserum m an aa 
*®**^'t well and observing the precipitin 
£”h:tw=en .he two^w^^ 


has sundardueii I . ,n^oIved 

rrS.ff-BrandSchn.i.lle 
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(1962) have described an indbett Iicni''ft 
glutination test for infectious btcnchim. 
The virus is adsorbed onto tannic add- 
treated, horse red bir.od cells and after 
svashing are mixed ^vith the suspcclcil 
serum. If the serum has antibodies u reacts 
with the antigen and causes clumping of 
the red cells Vasington (''152) also de- 
scribed a similai indir-ct hcmaggluiinarion 
test; however he used sheep crythrocjt.'s 
instead of horse rM red". 

Treatment. Theic K no cpeDf,c treat- 
ment for infectious broncmt.s. !n frocks ci 
>oung chicks it is helpful to maease tn"' 
temperature of the room as well as of the 
brooder Overcrossthng should be corrcctol. 
In laying (locks drafts should be ohm: 
nated, and warm, moist mashes should be 


given to encourage the birds to o.>t Any- 
^ing the poultryman can do to keep up 
feed consumption in the fiork should be 
encouraged to asoid excessive loss in 
weight in the birds Dusting or spraying 
so called cold remedies are not svordt their 
cost. Recovery takes place as the birds 
acquire an immunity to the virus. If die 
disease is complicated with chronic respira- 
tory disease or air-sac infection, treat- 
ment with the broad-spectrum antibiodes 

may be indicated. (See Chapter IS) 
Prevention and control. The best pre- 
>enuve is strict isolation of the flock, alone 
sound management praelices. such a*, 
addmg only day-old ehicks as replacement 
stock and tearing them in isolation. The 
pouluy house shnuld be properly yen,,, 
lated. Even on (arms with sound manage- 
ment praetiees, infections bronchitis mi, 
occur, partienlatly in heavily populated 
areas. This has brought on necessity 
of using immumration procedures in the 
control of the disease. 


The first iramuniralion procedure used 
was started about 1941 in the New Eng. 
land states (Van Roekel et al., 1950) li 
consisted of inoculating a small portion 
of the birds m a flock with a field strain 
of virus and allowing natural spread to 
the rest of the flock. This was usually done 
at 7 to 15 weeks of age when the disease 
would produce the least economic loss to 


the poui;ryjn.m. After recovery from the 
infcLtion. liic flock would be immune to 
bicnr'iitis tlirough the laying year. 

Tills type of vaccination procedure using 
p.'tho.’anic field strains has been replaced 
with modified live virus vaccines (Brandt 
et rj., 1952; Luginbuhl and Jungherr, 
1952. Crawley, 1953. 1955; Hofstad, 1954, 
195'V: Iloekstra, 19G0; and Hoekstra and 
Riiucns, I9G0a). These modified vaccines 
use t'lains of virus dial have undergone 25 
or more embryo passages to reduce their 
pathogenicity and spreading ability. It 
should be emphasized that while these 
modified strains at present are safer to use. 
they arc still capable of spreading, and in 
the very young cliick without passise anti- 
bodies and in laying flocks in high produc- 
tion they may produce undesirable rcsulu- 

The replacement flock should be laeci- 
naicd during the growing period prefer 
ably at 3 to 4 mondis. In broilers it is 
necessary to immunize at an early age. If 
die diicks possess passive antibodies dfr 
riled from the yolk, they can be inocu- 
lated at a few days of age. These anti- 
bodies lessen the severity of the infection 
but Raggi and Lee (1958) found that Ae 
young age and passive antibodies were i®' 
portani factors in preventing a saiisfactory 
immune response to live virus vaccint 
Chicks which do not possess passive anti- 
bodies will tolerate the vaccine best after 
tliree weeks of age. 

Several methods of administration of 
bronchitis vaccines have come into use — 
die spray or aerosol (Crawley. 1953: Hof- 
stad, 1954), the dust (Afarkham d 
1955; Price et al., 1955), and drinking 
water (Luginbuhl et al, 1955) procedures. 
These mass vaccination techniques ha'O 
become very popular with the poultrym^ 
because they are labor saving. The bron- 
chitis vaccines have also been combined 
with Newcastle disease vaccines as ari 
added convenience and apparently 
out interference in the immune response 
from each vaccine (Markham et al, iW- 
However, interference has been demon- 
strated between these two viruses in cer- 
tain combinations (Luginbuhl and Jung' 
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herr, 1953; Hanson el ai, 1956), 

would seem advisable that ivhenev ^ 
sible and practical the brondutis tin 
munitation should be administered sepa- 

"“he immunity which can be expected 
from commercial bronchitis 
variable (Raggi and B>nkot.sti 195J^ 
There is dehnite loss o£ immun o^iaty 
with increased attenuation o .negA 
virus (Crawley, 1955; 

Raggi and Lee (1957) found ^ to" 
lationship between SN titers and KsponK 
to challenge in only one of 
studied. There was a *''„„ded 

with the other two vacanes. 
to confirm the reports Jdug igy^d 
(1956), Holstad (1956a, 1958) who tm^ 
strain differences using "ipro 
neutralitation tests. Holstad (‘W)- f " 
ever, later found that cross-challenge « 
suits did not agree with serum 
ration results. There was so 
munity between isolates different 

viously been found antigenical y 
by reciprocal serum hcutralitatmn ^ 
The field prevalence of variant bronchitis 

strains is not known; ap* 

chuscits type or the typical . y-jjy to 
patently will induce the best i 
diallcnge with heterologous 
1960: Hofstad. 1961). In 
tious bronchitis is being satis a 
trolled. , „ me of 

Complications resulting fro _ a free 
infectious bronchitis vacanes m 
of Mycoplasma gallisepticurn gj^nt 

However, when this ‘"'S®";”” iuni- 
either in active or latent o , 


ration with bronchitis virus may kindle the 
infection, resulting in so-called air-sac dis- 
ease The end result is that the bronchitis 
v-aoine "take" is extended in an exag- 
gerated form beyond the 10- to 14-day 
period seen in uncomplicated cases. In the 
^e of broilers this means cull birds, mor- 
tality a delay in marketing the flock, and 
a mding down of the carcasses. In re- 
pHcemcnt flocks it may mean a delay in 
coming into production and an increased 
number of culls. The effects of both bron- 
chitis vims and Mycoplasma galltsepltctim 
in chickens have been studied by Adler el 
al (1962) and Blake (1962). 

Attempts to produce an inactivated vims 
vaccine have resulted in loss of immuno- 
genic properties following inactivation by 
tonnaL (Delaplane and Stuart, 1939) and 
Solei ligL (Holstad, 1952). Chris- 
tian and Mack (1957) used beta-ptopiolac- 
tone to inactivate bronchitis vims. A con- 
centration ol 0.25 per cent at 37" C. for 60 
minutes was minimum treatment for in- 
activation. Some protection to challenge 
a slight rise in serum antibodies re- 
mired in birds receiving 1 and 2 ml. doses. 
VIotmJe (1961) repotted some success with 
lo adsorbed bronchitis vacane inactivated 
hv 0 2 per cent foimalin. Evaluation of the 
^ ine was based on the agar diffusion 
ptecipilin test. Emb^o-adapted slraiiu o! 
Srmdiitis virus which have lost their inlet- 
tivii, for chickens have been of no prac 
ml immuniring value Beaudette e, 
lilsei were unable to demonstrate 
' in the 18 days following intramujcalj, 
ol the 24th embryo pasiig, „ 
"ffve bronchitis strain of virus. 


The clM ol inv oa chick™ 

Adler. H. E.. McSlattin. D. c„„clilti« "> chickens in England. Vec E,a,, 

ol .,ci,c„ mc„i.»ik„ 

A,t.?.i.!'’s':iS-E. hcjnchiic anacn., rroc. 110. 

a."™- ““ "XTlt Tovlin- 

ol lanngnoacw.^ 

o“wa^„fSrE.«l»T 

cause of a respiraiory 
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QUAIL BRONCHITIS 

Quail bronchitis, an acute 
infection of quail fCoimus ..qeqv’ 
Linni). was Reported by OUon (W 
The disease occurred on V^^^oif^atchine 
in West Virginia during the 19 noted 
season. In 1956 a similar " 

in Texas by DuBose et al. (195 >• 

The lymptoms of the disease 
tiadieal rales, sneering “i* 
no nasal discharge was ohitm ■ . 
symptoms were occasionally 
Mortality was from 50 to 80 per c 
field outbreaks, however neiihw 
(1950) nor DuBose and Grumbles 
was able to demonstrate ">"* “„ 2 „badon 
the experimental cases, t n - ij,y 5 

period was reported to be from , 3 

and the course of the disease, from 1 

Olson (1950) found that Ch 
iridges were not susceptibl , jj,jckcn$ 
was able to reisolate virus inocu- 

and turkeys after found pbcas- 

lation. DuBose ct al- (1958) resistant 
ants and "Japanese Quail" to be res. 
to infection. . .wiiU is a 

The etiology of quail r™ 

Sltcrable virus which , dwaihng 

chicken embryos, where U . Uie 

of the embryo and a thi 
amnion similar to that 'ckcns- The 
tious bronchitis virus of u jj^jg^^jous 
virus can be differentiated r ^^-jihsiand 
bronchitis virus by its ability w 


^6^ C for 90 minutes whereas most strains 

*Q«Utoonchi.hvirmMn^b=^^^^^^^^ 

“ 'T&V The virus passes through the 

sihr EK^Wter pad Views has h^ntsolat^^^ 

‘1^“ ’‘‘'vmoteins. DuBose and Grumbles 

InTthcTlord 'ii tX 

ir.TdTteurrf vfnasJ. tracheal exu. 
date. /1957) studied the rela- 

■ ’'To "tetw quail bronchitis virus 
uonship between q^ 

and an agent ^ ,^^al 

(CeLo) virus. They found Uiat 
orphan ,iputraliicd 10^ e.l.d. of 

CELO antiserum establishing 

‘‘'‘““■Shy between these two agents 
the similarity confirmed 

Setwtrthl two' agent, and 
’Tie to reproduce the disease ■» qua^ 
tvcicaoie io p either agent, and also 
b, inoculation ul e.^er^_S___,^,.„„ „i,h 

jcmoustteteil mu 

botli agents, la a ^dbodics from 

demonstrated „ea. in .he 

''‘'•"‘I’Ttes and^^s thete viruie. ap- 
"".Jmly' ate' widespread among ai.an 
species. 
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It 1 and GruichilM L • iq^q tt. i . 
chitien embryo lethal orphan vims. Avian bronchitis virus and 
’ “runlilcv L C , and Houcrs. A I • loitA 'V'k • i • 

“ non-bacterial agent from 

infectious bronchitis virus bv*h^«M’i.!r»J^‘ of quail bronchitis virus and 

. u™. p™. u. 


Olson, N „ 

Uvcsiotk Ssn 


in Jour \’cr Rev Ii'k 7 Obscnationi on a chicken embryo lethal orphan (CELO) v 
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Infectious UryngotracheWs 


The iir.t outbreak of ’ SS 

tracheitis, an acute, ^ ^jay 

disease o£ chickens, ww tep pt^erved 

and Tittsler (1925). Rhode 

the disease in » «“* °‘jg23 »<=>* 

Island in October o£ 19^3- ^ occur* 

reported outbreaks o£ the ^ Uy 

ring in California in ■ tservations 

Hinshai. (1931a), '.=P<>'" “a, haU existed 

indicated *at the diseas 

some years prior to ’ :jnporiance m 

ease became of ^conom 

the United Staus indicated il«‘ 

ments by Gwatkin (1^ / . present m 

infectious laryngotracheins ^gjgj 

Canada. Seddon and Bart^^t^,^ ,, 35 . 

identified the disease i Britain was 

The first outbreak Van Hcel^ 

recorded by Dobson ( /• disease had 

bergen (1929) stated *at ^= Ur. 

been observed ■" «°"”s„.rden (htaB' 
disease was reported p^and (M“ek. 

nusson, 1940) and fr 
1948). 


.t ihe early investigators called 
^ iSeciious bronchitis; however, 
.he diseiue iniec name inleetious 

“ hS was later recommended 

by the Spen^ ^^^^ Veterinai? Medical 

tSl this nomenclature wa, 

adopted £M1). £ infec- 

Eliolosy- . i, J alterable virus 

uous laryngottaehei 

(Beaudett^ 1931a: Graham ct ei., 1931). 
,931b; Gibbs 1 named Torpe.e enmm 

The virus has hr by the 

iTSlrr but passes through the 

Berleleld W jnd through the 

N alter t*'* *7,5^„dily. Variable resulo 
Betkeleld V "“‘2g Uie Seitz Bite, 

have been .trp° b^gth dilution of 

pad. allantoic membrane sus- 

[nfected of Selas filters, it 

^sion Sj* ^ through the 03 

was passed the 01 filter. 

(19G2) found the virus to pass 


[S 2 t] 
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through all grades of the Berkefeld candles 
and through gradacol membranes of 450 
fx poro she. Wairach et al. (1950) found 
the v:nis to base an aserage diameter of 
ISO n Mhen purified preparations Here 
■.ludicd by electron microscopy. In tissue 
sections they found the virus to be mor- 
phologically similar to the herpes group. 
Larsngotradieitis sirus can be propagat^ 
in the crabryonadng chicken egg, where it 
c.riiscs primarily proliferative and necrotic 
lesions on the chorio-allantoic membrane 
(Burnet, 1931; Brandly. 1935, 1936). 

The virus has been grown in cultures of 
respiratory epithelial cells, in fibroblast 
cells, and in kidney cells. (Atherton and 
Anderson, 1957; Chang et al. 1960; 
Chomiak et al, I960: and Pulsford. I960). 
Tlic virus produces a cytopathic effect in 
irthidt the cells undergo a granular de- 
generation into sharply limited masses. 
The eclipse phase is relatively long, par- 
ticularly with the low virulent smins. 
Atherton and Anderson (1957) were unable 
to demonstrate virus in the fluid of grow- 
ing cultures; howeser, Pulsford (1960) did 
demonstrate release of virus into the fluid 
of cell cultures with the strains of virus he 
used. Inclusion bodies were observed in 
cultures ol respiratory epithelium but not 
in fibroblast cell cultures. 

riic resistance of the virus to certain 
physical and chemical factors has been 
studied by Schalm and Bcadt (1935). 
Virus m tradical exudate exposed to 55® C 
surshed from 10 to 15 minutes. When in- 
fcctisc tradical exudate was suspended in 
50 per cent glycerine in buffer at pH 7.4 
and held in the dark, the infcctivity was 
retained from 7 to 14 days at 37® C, from 
35 to 42 days at 16® to 24.5® C, and as 
long as 217 days at 4® to 10® C Virus in 
the trachea of dead folds survived from 
22 to 44 hours at 37® C.. and from 30 to 
60 days at 4® to 10® C. The infccUvity of 
the sirus is well presersed when dried 
from the frozen state (Goldhaft, 1961; 
llofstad and Yoder, 1963). Bcaudctic et ah 
(191S) rcjxirtcd active virus in dried 
preparations stored almost 10 years in the 
refrigerator. Tlie virus is destroyed by one- 


half-mlnute exposure to 3 per cent aesol 
disinfectant and to 1 per cent solution of 
lye. 

There is evidence of differences among 
strains of laryngotracheitis virus. Burnet 
(1936) found an enzootic Australian 
strain (Victorian) to be less readily neu- 
tralized by immune serum and to produce 
smaller lesions on the chorio-allantoic 
membrane than the more virulent, epi- 
zootic United States and New South Wales 
isolates. However, there appeared to be no 
qualitative antigenic difference between 
them. Pulsford (1953, 1954) confirmed the 
observations of Burnet when he found a 
strain of laryngotracheitis virus which was 
resisunt to neutralization by antiserum, 
although it was capable of producing the 
disease with resulting antibodies against a 
classical strain. Cover and Benton (1957) 
and Satriano et al (1957) have isolated 
strains of laryngotracheitis virus of low 
pathogenicity for chickens. 

Susceptible hosts. The virus of laryngo- 
traclieitis has a distinct host specificity. 
Chickens are the usual host, but pheasants 
are also susceptible to the virus by inocu- 
lation or natural exposure (Kernohan, 
1951a; Hudson and Beaudette, l9S2a). 
The following species of birds have been 
found refractory to the virus: turkeys, 
starlings, quail, sparrows, ducks, pigeons, 
guinea fowl, doves, and crows. White rats, 
guinea pigs, mice, and rabbits are likewise 
resistant (Beach, 1931b; Brandly and 
Bushnell, 1934; Seddon, 1936). The em- 
bryonating eggs of the turkey and chicken 
arc susceptible to the virus, while those of 
the duck, guinea fowl, and pigeon are 
refractory (Brandly, 1936). 

Transmission and incubation period- 
Following natural exposure, the incubation 
period of laryngotracheitis varies from 6 
to 12 days (Kernohan. 1930; Seddon and 
Hart, 1935). After intratracheal inocu- 
lation of infective material, symptoms 
occur in 2 to 4 days. 

The natural route of infection is by v»ay 
of Uie respiratory tract. Gibbs (1931b) 
w-as unable to produce the disease by feed- 
ing capsules of dried material, but when 
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Ore dried infective powder was 
the litter, the chicks soon dev 
disease. Laryngotracheius can be p 
bj intravenous, subcutatieous. 
peritoneal inoculation, althoug ^952) 
Leutly (Gibbs, 1933a). Bakos .< »!■ 0^2) 
were unable to produce ttyrtP""”; 
iug intracutaneous and intramuscular in 
oculation. . nf the 

It is well established that ^ 

virus exist for long periods I93)a. 

outbreak of the disease ( o-audeite, 
1931b. 1932; Komarov and B 
1932). Only a few birds i" ^jpetu- 
main carriers, but these serv in 

ate the disease whenever -fhe 

contact with i, to swab 

method of detecting ^ to in- 

the tracheas of recovered birds and t 
oculate susceptible .oeUmb 

method, carriers have 
nate virus for as long as 16 months 
an outbreak. ... indirectly 

Transmission of the due „ 

by way of contaminated P j, 

other equipment and by y 6 minor 
possible, although it is pro j j^ mmche- 

mce in the spread of eryng^^^ 


importance in the spread ® /1957> ro* 

ills. Kingsbury and ]“”S ^ mansmission 
ported evidence of ind man. 

in fifteen outbreaks by mea Bushncll 

crow, and dog. / _„i^irate virus 

(1934) were unable to . ^e lai^^ 

on the surface of eggs 
during an outbreak of 1 = loim of 

Symptoms. The acute, p -jiy in a 
the disease usually jjjjds become 

flock, and all or ° has recorded 

affected. Hinshaw .here lacr‘- 

histories of some out j^h sudden 

mation in a occunred 

death of one or i'' . sympt®’"* 

prior to the onset of « P JJgjgj found 
throughout the to respiratory 

panophtlialmia iri a ‘ ^nnstio*rS 

symptoms, and -jc conjuncuvi- 

(1960) reported h^orrhag^^.^|^ 
lis in outbreaks of ® ^s arc gasPl"8» 

The ouuunding *>”P‘ ^ pf the birds 
talcs, and coughing- or on 

arc depressed, silung o 


.ke. .-vets (Fig. 21.1). Some exhibit symp- 
m -s' of gaspins “ extended 

Ttid uhe Lak open (Fig. 21.2). ™=ering 
.whistling sounds may be heard as the 
Sri g^sps.® n these severely affected indi- 
SduaU coughing is frequent and often 
...Its m the expulsion of bloody mucus 
SSm tS trachea The head ot the bird 
may be cyanotic. Many chickens will have 
Sss severe symptoms, comimug only of 
■Scheal rales, mouth breathing, and oc- 
Ssional eoughiug. There may be lacri. 
maiion and occasionally a serous exudate 
horn the nares. An aeenmulation of ex. 
Strive amounts ot mHammatory exudate 
SJd blood in the lumen of the l^nx, 
(rachea. »' syrinx frequently results m 
death by asphyxiation- 

laJing flocks a variable drop m pro. 
ducSSn’oe'eurs. Hinshaw el al. (1931) ob- 
served an average P" ■” 

r^Ilitomia flocks affected with the disease. 
The decline began 4 days after the onset 
Ini continued until the ejghteen* day. 
Swmal oroduclion was reached again after 
divs ^n colder climates and in chicken, 

aSee’ei late in d>cir Uyng year the de. 

w„, in oroduclion may be much greater. 
BMth (1925) observed a drop ot 62 pc, 

“"a riirenrootic form ot the disease has 
reoorted by Pulstord (1953, 1950 
*’'d bv Simmons cl ol. (1954) a, ocenning 
? ™na “ area, ot Australia, Mo,, 
centiy. Cover and Benton (1957) i„ 
JS States have recogn.red a mild 
ol iie disease in broders in wh.th 
mms are slight coughing and rale. 


toms sug‘4 o 

-“aX-liiW noage 

course ^j^^Tweeks (HimhaMsJ“J‘ 
? "“"“Slcr parasitism, and^h W 

0931) I»“d^anjvcrag mo„.i 

per cent m- moru(. -He m 

rrcie-vStBay.a»^«=i-L^"/. 




FIG. 21.1 -An advanced cose of loryngoiracheilit. Aitiiude during expiroflen. (Beach 
and Freeborn, Univ. of Calif.) 



FIG. Il-J-lonmaotroth.lli.. Som. Fowl o. Floor. 21.1. AltlloJ, dorlng lo.pl, olion. 
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losses srere recorded 15 da^s after onset of 
the disease. Kernohan (1931b) reported a 
ajortality of 72 per cent in one flock. 
Brandly and Bushnell (1934) reported a 
mortality of 14 per cent and 48 per cent 
respectively in two outbreaks. Graham et 
al. (1930) reported a subacute disease with 
low mortality even in artificially induced 
cases. 

Pathology. When dead birds are pre- 
sented for necropsy, the beak and mouth 
of the birds may be stained with blood 
and mucus. The mucous membrane of the 
trachea and larynx may be covered with 
a film of bright, blood-stained exudate. In 
some cases the lumen of the trachea may 
be partially or entirely occluded with exu- 
dates composed largely of blood (Fig- 
21.3). A yellowish, caseous exudate, with 
little or no blood, may cover the mucosa 



fIG. 21 .3 — Hemorrhagic troehelli* in 
coused by loryngotracheilis virus. (Hohlaa ana 
Bouriedel, lowo S'ate University-^ 
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in other birds. Chickens in the early stages 
or with mild symptoms frequently do not 
have a liemorrhagic tracheitis when killed 
and necropsied 

The microscopic pathology of laryngo- 
tracheitis has been studied in detail by 
Seifried (1931). Between 24 and 72 hours 
alter inocuhtion ibere is edema and cellu- 
lar infiltration of the mucosa and sub- 
mucosa. Hemorrhage may separate the 
mucosa and subraucosa. After the third 
day, dense cellular infiltration with a loss 
of epithelial structure characterizes the 
lesion. Inclusion bodies of the intranuclear 
type are found in the early stages of the 
disease. Seifried describes them as homo- 
geneous structures which occupy a large 
pari of the nucleus. The area immediately 
around the inclusion remains unstained 
and these bodies usually occur in groups 
of epithelial cells rather than in single 
isolated cells (Fig. 21.4), 

The pathology in the embryonating 
chicken egg following inoculation of 
laryngotracheitis virus has been studied 
by Burnet (1934) and Brandly (1935). 
Following inoculation of the virus upon 
(lie chorio-allantoic membrane, small areas 
of gray thickening are visible by the third 
day. The lesions become larger up to the 
fifth or sixth day when the embryo usually 
dies (Fig. 21.5). There is edema of the 
chorio-allantoic membrane, and the allan- 
toic fluid takes on the consistency of thick 
egg albumen. Embryos that live to the 
sixth day are stunted. Microscopically the 
membrane has areas of cellular prolifer- 
ation and edema. Intranuclear inclusion 
bodies are observed in groups of ecto- 
dermal epithelial cells between the first 
and third days. As the lesion progresses, 
the epithelium undergoes necrosis and is 
gradually replaced by inflammatory tissue 
of the mesoderm. 

Diagnosis. The acute, epizootic form of 
laryngotraclieitis can be recognired fre- 
quently by the flock history, mortality 
record, and necropsy findings. A typical 
flock iiisiory is one revealing an acute, 
rapidly spreading, respiratory disease with 
symptoms of rales, mouili breathing or 
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fils of coughing with expulsion of 
Lloud) mucus, and some mortality. Hemor- 
rhagic iradiciiis is a typical necropsy find- 
ing It is important to choose several dead 
birds lor necropsy rather than live, sick 
birds, since the latter frequently do not 
show the extensive tracheal lesions. 

In the mild form of the disease a field 
diagnosis is diflicult and laboratory aid is 
required. 

Other diseases tshicli may be confused 
with laryngotrachcius are infectious bron- 
chitis and Newcastle disease. A few diiler- 
cnccs between the tliree diseases aid in die 
diagnosis. Laryngotracheitis is rarely ob- 
served in young brooder chicks, although 
tlicy are fully susceptible to the virus. Of 
die three diseases Newcastle disease has the 
most adverse elfect on egg production, fol- 


lowed in order by infectious bronchitis and 
laryngotracheitis. A complete cessation of 
production is not unusual in outbreaks of 
Newcastle disease. 

A greater mortality is usually experi- 
enced in the acute, epizootic form of laryn- 
gotracheitis than in outbreaks of New- 
castle disease, although mortality in the 
latter disease can be extremely variable. 
As a rule, no mortality is experienced in 
outbreaks of infectious bronchitis in chick- 
ens over 2 months of age. The hemor- 
rhagic tracheitis found frequently in birds 
dying from laryngotracheitis is not usually 
observed in Newcastle disease and infec- 
tious bronchitis. 

Laboratory diagnoses of laryngoirache- 
itis are made by intratradieal inoculation 
of susceptible and immune chicks with a 



FIO. 31.4 Trochtat mu- 
coto from chick killed on 
fifth day folio wing intro- 
Irocheol Inoculation. Ar- 
row pointt toword o 
VQup of 

Incluiion bodies charac- 
teristic of Infecllous loryn- 
golrocheiiis, x1.300. 
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FIG. £!■•» .„u._na orodoced by 

allantoic following 

Normal ."’®,uofstad and Baurie- 


broth suspension o£ tracheal exu a 
a suspected case, by isolation oi 
in embryonating chicken fSS*’ .. s- 
microscopic finding o£ has 

tracheal sections. Armstrong ( .^^tival 
found smears of tracheal and conj ^ 
cells stained with Giemsa’s stain to 

satisfactory method of examining /igcn 

sion bodies. Woernle and ujed 

and Jordan and Chubb (1962) .jaeno- 

the agar diffusion technique m ine u e 

.is oUaryngotracheUh. 

detect eitlier virus antigen or a ^jven 

thick inoculations, “™“X“ teions^P"- 

to the incubation period, tn bodies 

duced, and the finding of me 

in tracheal sections. Inclusion 

be found between the first and hu^ 

after inoculation. The time a 

elusions are found may dep ^ inoculum 

concentration of virus in joocuUtion- 

and the method and route o la- 

Following intratracheal inocu jj^^jusions 

lyngotracheitis virus by third 

were found only on the seco . may 

da» (Hanson, 1957). 1'’= 

bo ionnd in tracheal seel'd" tron. 


ot^inal birds 

“a conjancttval ceU.^^" Keller 

and stained wib attempted tracheal 

Hebei (19®*) . 34 samples 

Smears in 60 iP'“S'sio„s -bile vU 

„ere A times. Inclusions were 

„as isolated no virus was 

?AS“Sn“\firke“sTaS'wUb 

tcribed a wPiASate dehydration ^and 


clearing ' ,racheitis. aevo.-. v 

nosis ot Wynf “ ous fixing and dehydra, 
has "'Ai«u”s "or rapid demonstration of 

[“dn^ion boiii^^timd ol making a labora. 

A common roc“ ._j^tuiate erabryonaung 
toty diagnosis " Jays of age. A broth 
diicken eggs al » exudate, treated 

smpension. of ' ,t„„cd through a suit- 
with 30110101 *“ o inoculated upon the 
able filter. membrane or into the 
chorio-allan'® 
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allantoic sac. While allantoic sac inocu- 
lation is satisfactory for propagation of 
laryngotracheitis virus, inoculation on the 
dropped chorio-allantois of 12-day-old em- 
bryos is preferred for original isolation. 
Webster (1959) found that virus could 
not be isolated after the seventh day follow- 
ing experimental infection. Hitchner and 
White (1958) have observed that titration 
of the virus on the dropped chorio- 
allantoic membrane gave a two log higher 
titer than four other methods of inocula- 
tion, including the allantoic sac route. 
Laryngotracheitis virus produces areas of 
grayish thickening on the chorio-allantoic 
membrane by the third day (Fig. 21.5). 
Inclusion bodies can be observ^ between 
the first and third days in sections of the 
membrane. (See Pathology.) 

Following inoculation of laryngotrache- 
ids virus into the sinus of chickens, there 
develops a sinusitis with swelling, a nasal 
discharge, and lacrimation (Hanson, 
1957). The sinus is very sensitive to the 
virus, and this method can be useful for 
diagnosis and for titration of the virus. 

Burnet (1936) and Pulsford (1953, 1954) 
have used a serum neutralization test tor 
studies of the epizootiology of the disease. 
Burnet’s test makes use of the pock count- 
ing technique. The undiluted serum is 
mixed with 10-fold dilutions of virus and 
the mixture allowed to stand for one hour 
at room temperature. The mixture is then 
inoculated on the dropped chorio-allantoic 
membrane of 12 day-old embryos, and 
after S days' incubation the are ex- 
amined for pocks. A marked redurtion of 
the pock count over the virus control is 
indicative of a positive serum. Hitchner 
et al. (1958) used the serum neutralization 
test and found that a 1:5 dilution of serum 
gave satisfactory results and found no dif- 
ference between heated and unheated 
serum in the test; however, Hanson 
(1957) has found it important to heat- 
inactivate serum immediately after col- 
lection and before storage in the freezer 
to stabilize the neutralizing capacity of the 


serum to be used in the serum neutrali- 
zation tests. Shibley et al. (1962) found 
no ajrrelation between serum-virus-neu- 
iralizing indices and resistance to chal- 
lenge. 

Treatment. The birds will recover 
rapidly as soon as an immunity develops. 
No medicinal treatment has been found 
to relieve the dyspnea of affected birds. 
Occasionally a veterinarian might relieve 
some chickens by removing the caseated 
casts of exudate from the larynx and up- 
per trachea with a forceps. In outbreaks 
where only part of the flock is affected, it 
might be possible to vaccinate those groups 
not yet affected and render them immune 
before the disease spreads. Vaccination 
should not be carried out, however, unless 
a diagnosis is reasonably certain. 

Prevention and control. Sound manage- 
ment practices have been used with suc- 
cess in the prevention of laryngotracheitis 
(Gibbs, 193Sb). The intioduction of the 
disease on the farm can be avoided by 
adding new stock only from clean sources, 
preferably as day-old chicks, by using only 
clean equipment, and by applying strict 
isolation practices. 

When ilie disease has occurred on a 
farm, prevention of recurrence may be ac- 
complished without vaccination. The re- 
covered birds should be marketed, prefer- 
ably before new stock is brought on the 
farm. After • all chickens are gone, the 
house and all equipment are thoroughly 
cleaned and disinfected. If possible, the 
house, yard, and equipment used by the 
infected birds should be left unused for 
two months after disinfecting as an added 
assurance that the virus has been inacd- 
vated. 

Prevention by vaccination is used to 
immunize unexposed groups of birds when 
the disease has just appeared in one pen 
on a farm, to immunize flocks on farms 
where the disease has occurred and where 
the recovered birds must be kept for 
breeding stock, and to immunize flocks in 
areas where the disease is prevalent. 
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Vacciaalioa. The ability o£ the vtms oC 
laryngotracheitis to multiply m the mueous 
mcmtane o£ the cloaca v,as first demon 
stiated by Hudson and Beaudette (1932^. 
They found it possible to make P“ 

sages o£ the virus £rom the cloacal muatus 
membrane o£ one bird to that o£ another 
Later these chickens were lo'tt'l “ “ 

immune to intratracheal moculatmn of 

the vims. This finding led to a ' 

method o£ immunising agamst 

laryngotracheitis. EMensive field mats 
with the vaccine proved its efe«.ven^“ 
the prevention o£ laryngotracheitis (Beau 

detle and Hudson, 1933; Bea* el at., 
1934; Gibbs. 1933a, 1934). 

Following vaccination the bi^ 
an inmmcheal challenge by the nmth 
day (Eeaudette and Hudson, 
ing the first nine days virus can de 
tected in swabs £rotn the = 
vims does not persist inr long ^ 

(Gibbs, 193Sa; Beach, 1935). 
tiers did not exist after the vac . ^ 

action had subsided o" 

consideration in using the j „„go. 
procedure for the control of HWO^ 
Lcheitis. The duration of ^ j„. 

not been determined, although 
dicate that birds are protecte /igeO) 

a year. Hilchuer and S 

found chickens which had been V 
in the vent by the drop or hrtnh mein 
at 1, 4, or 8 weeks were »“00P'‘““ 
challenge virus when given i u-vacci- 
orbital sinus at 16 week, of ag^ Bevam 
nation by the vent >"'*od fa>W 
“tahe” or secondary ^ in- 

although dropping vaccine Shiblcy 

duced a good serological )“P°'^' „ heb 
el at. (1963) have found m“““" [ „„e 

erologous strains to persist o _ 
year then the avirulent con- 

Benton, 1957) was dropped 
junctival sac of 10-week-ol infected 


mcuvai sac iv 
Dried tracheal exudate 
chickens was originally was 

cine. However. egg-prnP“8“ safety, 

later utiliied because of m gr»‘“ 


more uniform potency, and decreased cost 
“f production. Brandly (1936) found that 
as many as 36 serial transfers of the virus 
in emb^os did not decrease its "mlence 
or immunizing ability. It was further oh- 
served by Beaudette (1939) that egg 
propagated laryngotracheitis virus, when 
dried and held in a vacuum under re- 
frigeration, retained its P“"'! 

for as long as 421 days. Goldhaft (1961) 

found laryngotracheitis 

24 years at 40" F. protected all chickens 

”ta“he‘*vaccination procedure the oper- 
ator exposes the mucous membrane of the 
wooer Sail of the cloaca and brushes the 
^ • awn thf exposed mucous mem- 
SrnrThS hmsh Xnld be dipped into 
*rvaccine before each 4PP>1«‘'°'?- 
• a, a-hiVkens may be vaccinated into the 
ing chicfee > . curved 

-%;hr.!;:trcaCS^ 

“Sing adult hirds.^ — 
cinaiion of lay puhford and Waits 

done at an early . birds should 

"“‘“'SrTrukes Gibbs (1934) 
^ ??hat foe Ll time to do this was on 
[ound that fo= although foe te- 

,he foutth “ jjyjg [jom foe thlid to 
acuon “"■'I Jj, . ofo 0 is evidenced by an 

to eighth day A mite 

edematous sw hemorrhagic, or 

cloaca and a . ibe infected 
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vaccinated immediately and, if possible, 
segregated until they can be re-examined 
for takes 4 or 5 da^s later. It is important 
to revaccinate chickens with no takes, be- 


cause the chickens may acquire the nat- 
ural disease from the virus being elimi- 
nated from the cloaca of the vaccinated 
birds. 


FIG. 21.6 — Taken from loryngo- 
fracheilis voceinoHori! (A) swelling 
of clooeal lips, (B) reddening of 
mucous rnembrone. (Beach and 
Freeborn, Univ. of Calif.) 
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Newcastle Disease 


An infectious, highly 
structive malady, /‘““'Jfceyi 

attacks chiefly certain mam- 

Various other birds as well a ^ 

mals, including ^ which is 

disease. ND is caused by j,ies the 

classified as a myxovirus certain 

viruses o£ influenza and mumps m 
properties. 

Occurrence iq90's. 

First recognized in the nn ^ ^ajor 
Newcastle disease has bec^ industry- 

menace to the world * P . t|y dil- 

Kraneveld, in 1926, reporie j pjcv- 

tmiblo and fatal infection of pouj^ Y 
alent in the Dutch East 
same year, Doyle saw tim u' j, 

castle-on-Tyne, England, uoy. 
alter the lo’cality and “““S p,“g„e or 
distinct from the dreaded 

'th^mbreah in England s-P~“PS', 
Stamped out by quarantine o [ *j3 1 


Philippine Islands it ap- 

'^'''^■in PalS.' Syria. r"d the middle 

pared ■" J" War II, it spread 

S’SSbVwayofSici.yandl.aiy.^U 

6,31 ‘"ig/i lVt Beach, 1914) 
(Brandly e« t,„ch it apparently 

6‘:rbtrpp"fn" 

iS »pp'”?"“ acmitrs 

i;e:^:dle"aisSrorfaoy.e CO^T) «a. 
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seldom recoenized, and at least 15 sjno- identifying ND after it invaded the U.S.A. 


njms, c. g., pseudo-fowl pest, PseudovogeU 
pest, atypische Geflugelpest, pseudo-poul- 
try plague, avian pest, avian distemper, 
llantkhet, avian pneumoencephalitis, haTC 
been recorded (Brandly et al., 1946a). By 
1918, the malady had spread throughout 
this country and to Hawaii and Canada, 
and, by 1951, it had become disseminated 
widely in Europe and in various parts of 
Africa. It was also recognized in Madagas- 
car, Mexico, and Central and South 
America (Beaudette, 1943, 1949, 1950, 1951). 
Following later reports of its proved occur- 
rence in China (Ma et al., 1947) and Indo- 
china, Liao (1951) observed that a disease 
known as chicken pest, which may have 
been ND, had been known in China for 
many gencratioiu. A mild outbreak in 
Japan (Kawashinu et al., 1953), the occur- 
rence of mild strains in France (Lissot, 
195G), persistence of milder forms in 
England (Reid, 1935), and reintroduciion 
of a fatal form in Kenya (Scott el al., 1956) 
have been recorded more recently. 

In the absence of land or sanitary bar- 
riers between adjacent areas or aaoss water 
and air routes, the eventual wide didusion 
of ND was inevitable. First reports of the 
disease during the early 1960's including 
several from South American and African 
countries (Monlcvcrde el al.. 1962; Kaschu- 
la. 1961a) rcafTinned its high diffusibility 
and current prevalence in all major poul- 
try producing areas. Reappearances of 
frequently severe epidemics of ND also 
continue to be reported: Kaschula, 1961a 
in Africa; Brion and Fontaine. 1960 in 
France; Divo, 1961 in Venezuela. 

The early lack of definite diagnostic pro- 
cedures togctlicr with the dilfcrences in 
certain clinico-paihologic features mani- 
fested on Ujc appearance of ND in new 
areas have frequently delayed its recogni- 
tion and the eventual development of more 
elleciivc control measures. 

Absence of the virus from the blood 
stream of birds was a confusing feature of 
certain earlier outbreaks in the Orient. 
The considerable delay in suspecting and 


can be chiefly ascribed to features previous- 
ly not ascribed to the malady, namely, rel- 
atively low mortality and predominance 
of nervous and respiratory manifestations. 
With recent substantial improvements of 
immunologic and other diagnostic meth- 
ods, long delays and failures in recognition 
of the milder as well as more severe out- 
breaks should be largely avoidable. 

Doyle (1935) recognized the shortcomings 
of the eponymic term, Newcastle disease, 
but, in view of prevalent usage rather than 
priority, believed its use warranted until 
further clarification could be accomplished. 
The proposal that the task of selecting a 
more suitable name be referred to a duly 
constituted body on nomenclature (Brand- 
ly, 1947) may still warrant consideration. 

IMPORTANCE 

Newcastle disease represents a serious 
economic challenge to all segments of the 
poultry industry. The proclivity of NDV 
to attack not only poultry and birds, but 
man and other mammals as well, magnifies 
its potential as well as actual threat. The 
high resistance of NDV to adverse environ- 
ment and the facility with which it may 
spread, especially by air, further contrib- 
ute to the gravity of the problem. 

The high mortality described in the 
initial reports (Kraneveld, 1926; Doyle, 
1927) has characterized many early as well 
as later outbreaks: Crawford in Ceylon, 
1930; Sahat in India, 1937; Albiston and 
Gorrie in Australia, 1942; Coronel in the 
Philippines. 1947; Kaschula in Africa, 
19Glb; Reid in Great Britain, 1961. More 
recent outbreaks in Mexico and an exotic 
introduction in California were likewise 
highly fatal (Report of Chief of Bureau of 
Animal Industry, 1950). Absence of mor- 
tality among adult chickens has been re- 
ported from various parts of the world, 
c.g., Dobson from England (1939), Beach 
(1912), Bankowski (1961), and others front 
the United States, and Komarov from Pales- 
tine 1947), while, following the 1947 cpi* 
lootic in England, a low or subcllnical 
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form o£ the disease was 
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nature of the virus 

"Yr%° 26 TT-‘' 6 b'S=Y''f? 
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diameter to be 112 mjt. The present and 
much more detailed picture of the morphol- 
0 ^’ of Newcastle disease virus is based 
upon several methods of purification and 
on examination by negative staining (\Va- 
tenon, lOGl; Roit and Schafer, 1961; 
Schafer, 19G3). The virion, or mature virus 
unit which varies in size from 150 to 200 
mp (Waterson and Cruickshank, 1963) con* 
sisis of an envelope and an internal com- 
jwnent. The ether-sensitive and osmotlcal* 
ly deformable envelope (Bang, 1946) has 
a pattern of projections or spikes (80 A* 
long) and contains the antigenic compo- 
nents that stimulate the host to produce 
hemagglutinin-inhibiting and virus-neu- 
tralizing antibodies (Rott, 1964). The in- 
ternal component, or nudeocapsid, also 
knov»-n as the Gantigcn or NP-antigen, 
consists of a long and much coiled tube 
which has a diameter of 180 Angstroms 
(Sdiafcr and Rott, 1939). The protein 
structural units of the tube are arranged in 
a helix around the central hollow axis. 
Within them and determining the entire 
configuration is ribonudeic add. 

Tlie Ncvvcastle disease virion is morpho- 
l^ieally similar to but antigenically dis- 
tinct from other viruses of Uie parainflu- 
enza group and. like llicra, it is inactivated 
by h)drox)larainc (Rott and Schafer, 1962). 
With the exception of royxovirus Yucaipa 
vvhidj was isolated in California and pro- 
duces a mild respiratory disease in chick- 
ens (Iknkovsski and Corsivec 1961; Dintcr 
ft a!., 19C4) and fovsl parainfluena 2 of 
Rucklc-Endcn (Waterson. 1964). the other 
paramllucnza viruses produce disease in 
mammals. Among them are parinfluenza of 
cattle, respiratory s>ncyiial virus and 
mumps virus of nun. and the antigcnical- 
1) related group of measles, distemper, and 
rinderpest (Chanock and Coates, 1964). 

The true influenza viruses have a sttullcr 
virion, 80 to 120 mp, and a smaller nuclco- 
capsid, 90 Angstroms in diameter. Influen- 
za viruses aliccting birds include fossi 
plague, virus N, Czechoslovakian and 
British duck influenzas, and tem disease 
(Dintcr, 1961). Tire avian influenzas 


share an antigenic component with influ- 
enza A of man, swine, and horses. Influ- 
enza B, which affects man, is antigenically 
distinct. 

Newcastle disease virus possesses a num- 
ber of biological and physical characteris- 
tics by which it may be distinguished from 
other myxoviruses and by which strains of 
NDV may be distinguished from each other. 
Among these properties are the ability to 
agglutinate and to lyse erythrocytes, to in- 
duce toxic changes without accompanying 
multiplication, to enter cells and to repli- 
cate, to infect and to incite various signs 
and lesions in certain hosts and to cause 
the death of some hosts, to be specifically 
neutralized by antibodies, and to be inacti- 
vated by selected agents under defined con- 
diiioru. If the procedures used are proper- 
ly standardized and controlled, all the 
actions can be quantitated and the results 
obtained can be repeated with considerable 
degree of exaciness. 

From the standpoint of economics, the 
most important property of NDV is its 
ability to produce disease and death of 
chickens: a property in which the strains 
of virus differ markedly. All strains may 
be grouped for convenience into three class- 
es of differing virulence for chickens; velo- 
genic, mesogenic, and lentogenic (Hanson 
and Brandly, 1955). Irrespective of the 
route of exposure, chickens receiving velo- 
genic strains develop severe disease which 
often terminates in death. Embryos, after 
receiving a minimal lethal dose, die with- 
in 50 hours. When introduced by peripher- 
al routes mesogenic strains usually produce 
a mild disease which rarely results in death 
of the diickcn. If the virus is introduced 
dircaly into tlic central nervous system, 
severe disease and death result. Chicken 
embryos arc killed within 50 to 00 hours 
after receiving a minimum lethal dose. 
Lentogenic strains produce a mild or inap- 
parent disease irrespective of meiliod of 
exposure. If the lentogenic virus is intro- 
duced directly into the central nervous sys- 
tem, it does not multiply and it docs not 
result in death of the bird. Embryos arc 
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killed 100 hours after receivinj a minimal 

■'“eSS among *e Wolo^cal prop^^ 
ties o£ NDV is its ability to adsorb to An 
surface of red cells and 

gregariomHemag^u.^ 

first described by Burnet 

found this action to be i J.mc- 
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degree by NDV (Clark “d Nagta^ ' 
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and horses are =>ggloU”"^j^l„„ „ al., 
not all strains of NDV ' {pdividual 
1950b). The erythrocytesof som^ Newcastle 
cattle are agglutinated y . .jyjjuai are 
strain while cells of anolh The 

not agglutinated by the but 

sensitivity of all Ldive cells as 

particularly such variab y upon ionic 
[hose of cattle, is pH of 

concentration o' 

the suspending solution- „jus 

not the only type of cell ^lutinated as 
absorbs and which may be aggi 


a result of this absorption. Chu (1953) 
demonstrated that sperm cells “S' 

glutiiialed by the action of Newcast 
disease virus. The “(rsorptron “ 

brain celU may be demorr^matcd by the re^ 
ductioi. it induces m the abthty of the 
virus preparation to subsequently agglun 
nate avian erythrocytes (Piramo and Ham 

“App^mately 100,000 vims infective 

units Mual anhemagglutinaungunit. The 

„umb» of viral particles ry P'eP^ ‘0" 
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iTo? inactivation of the hemagglutmat- 
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activation. Other strains of NDV retain 
their ability to hemagglutmate after treat 
ment at 56»C. for 180 to 240 minutes al- 
though their ability to ptpduce 

fort within tlie first 90 minutes. In 
this respect, NDV differs from the influenza 
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ilianicter to be 112 tnn. The present and 
mucli more detailed picture of the morphol- 
ogy of Newcastle disease \irus is based 
upon several methods of purification and 
on examination by negative staining (Wa- 
terson, 19G4; Rott and Schafer, 1961; 
Schafer, 1903). The virion, or mature virus 
unit wbidi varies in size from 150 to 200 
mp (\Vaterson and Cruickshank, 1963) con- 
sists of an envelope and an internal com- 
jvonent. The ether-sensitive and osmotical- 
iy deformable envelope (Bang, 1946) has 
a pattern of projections or spikes (80 A® 
long) and contains the antigenic compo- 
nents that stimulate the host to produce 
hcmagglulinininhibiiing and virus-neu- 
tralizing antibodies (Rott, 1964). The in- 
ternal component, or nuclcocapsid, also 
known as the G-antigcn or NP-antigen, 
consists of a long and mudi coiled tube 
vdiidt has a diameter of 180 Angstroms 
(Sdiafcr and Rott, 1959). The protein 
structural units of the tube are arranged in 
a helix around the central hollow axis. 
^Vithm Uicm and determining the entire 
configuration is ribonucleic acid. 

Tlie Newcastle disease virion is morpho- 
logically similar to but antigenically dis- 
tinct from other viruses of the parainflu- 
enza group and, like Uicm, it is inactivated 
by h>drox)Iaminc (Rott and Schafer. 1962). 
With the exception of myxovirus Yucaipa 
which v»’as isolated in California and pro- 
duces a mild respiratory disease in chick- 
ens (Bankovs-ski and Corstvet 1961; Dinlcr 
el ai, 19GJ) and fowl parainfluenza 2 of 
Rucklc-Endcrs (\Vaicrson, 19G4), the other 
paramllucnza viruses produce disease in 
mammals. Among them are parinfluenza of 
cattle, respiratory S)nc)ti3l virus and 
mumps virus of nun, and the antigcnical- 
ly related group of measles, distemper, and 
rinderpest (Chaiiock and Coates, 1961). 

TIjc true influenza viruses have a smaller 
virion, SO to 120 mp, and a smaller nuclco- 
capsid. 90 Angstroms in diameter. Influen- 
za viruses affecting birds include fowl 
plague, virus N, CzecJiosIovakian and 
British duck influenzas, and tem disease 
(Dintcr, I9Gt). Ttie avian influenzas 


share an antigenic component with influ- 
enza A of man, swine, and horses. Influ- 
enza B, which affects man, is antigenically 
distinct. 

Newcastle disease virus possesses a num- 
ber of biological and physical characteris- 
tics by which it may be distinguished from 
other myxoviruses and by which strains of 
NDV may be distinguished from each other. 
Among these properties are the ability to 
agglutinate and to lyse erythrocytes, to in- 
duce toxic changes without accompanying 
multiplication, to enter cells and to repli- 
cate, to infect and to incite various signs 
and lesions in certain hosts and to cause 
the death of some hosts, to be speciflcally 
neutralized by antibodies, and to be inacti- 
vated by selected agents under defined con- 
ditions. If the procedures used are proper- 
ly standardized and controlled, all the 
actions can be quantitated and the results 
obtained can be repeated with considerable 
degree of exactness. 

From the standpoint of economics, the 
most important property of NDV is it* 
ability to produce disease and death of 
chickens: a property in whidi the strains 
of virus differ markedly. All strains may 
be grouped for convenience into three class- 
es of differing virulence for chickens: velo- 
genic, mesogenic, and lentogenic (Hanson 
and Brandly, 1955). Irrespective of the 
route of exposure, chickens receiving velo- 
genic strains develop severe disease which 
often terminates in death. Embryos, after 
receiving a minimal lethal dose, die with- 
in 50 hours. When introduced by peripher- 
al routes mesogenic strains usually produce 
a mild disease whicli rarely results in death 
of the chicken. If the virus is introduced 
directly into the central nervous system, 
severe disease and death result. Chicken 
embryos are killed within 50 to 60 hours 
after receiving a minimum lethal dose. 
Lentogenic strains produce a mild or inap 
parent disease irrespective of method of 
exposure. If the lentogenic virus is intro- 
duced directly into the central nen'ous sys- 
tem, it docs not multiply and it docs not 
result in death of the bird. Embryos are 
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killed 100 hours after receiving a minimal 

among the biological proper- 
tie, of NDV is its ability to f »°'b « *0 
surface of red celis and ‘o mduce their^g 

first described by Burnet^ 
found this action to be 'nb‘b;“^ i/sttSc- 
cilie antiserum. The hemagglu min is strnc 
turally identiRed with Pmi^'f ‘J'?, 
envelope of the virus (Rott. 1964) and .« has 

been dienrically “ i^.lnLon 

zyrae, neuraminidase. „ 

may be measured by the s^jme 
of agglutinated red cells ! 

1942) or by the pattern ** 
gated cells form on a curved g ..,g^uon 
(Salk, 1944). The latter tnoa”' “ Irttical 
has been found to be ibe m . ^ ^juti. 
method of quantitating 
nating activity of the virus, ^be proc» ^ 
hemagglutination consists o g^cplor 

the attachment of the virus to the ^cep 
substance on the cell surface (ags'" ^ 
and the destruction of the receptor snD_ 
stance hy the enryme neuram mi ( 

ketman, 1964). The second stye p P 
and Levine, 1957', McCollum and Branuj. 
1955a) is associated viith the , “(jon). 
Vitus from the surface of the cell (e 
While erythrocytes of to ’some 

tiles, and birds are 1943), 

degree by NDV (Clark and Nagler, W 

some mammalian erythrocyte „jg€ryth* 

tinable. Man, mouse, and gum 

rocytes are agglutinated by a 
NDV; those of cattle, goat, she p ^ 
and horses are agglutinated oy j 

not all strains of NDV ^yual 

1950b). The erythrocytesof som 
cattle are agglutinated by are 

strain while cells of another -jj The 
not agglutinated by the i„,ion, but 

sensitivity of all cells to aggl . ^gUs as 
particularly such variably rca ^ 

those of cattle, is depen en 
concentration of ^^®.*^^^*p„ihTOcytes are 

the suspending solution, ^j^hthe^b^ 

not the only type of cell Jo as 
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- result of this absorption. Chu (1953) 
demonstrated that sperm cells may be ag- 
glatinated by the action of Newcast e 
disease virus. The absorption of NDV to 
brain cells may be demonstrated by the re- 
duction it induces in the ability of the 
virus preparation to subsequently aggluti- 
nate avian erythrocytes (Piraino and Han- 

““V 'Smately 100,000 virus infective 

units Mual anhcmagglutinating unit, -^e 
Lmber of viral particles in a preparation 
mav be approximated on the basis of m 
hemagglutinin activity. However, the 
rate ol inactivation of the hemagglulinat- 
i„» activity of the vims is not necessarily 
oropotlional to the rate of the inactivation 
of the infectivity of the virus preparation 
(Hanson cl oi-i >9491 Tolba and Eskarous, 
1962) Some strains of Newcastle disease 
virus which lose their hemagglutinative ac- 
tivity on treatment at 66« C. within 5 
minutes, remain capable of infecting em- 
btyonated eggs or other suitable hosts even 
after a further period of 25 minutes of in- 
activation. Other strains of NDV retain 
iheir ability to bemagglntinate alter treat- 
ment at 56» C. lor 180 to 240 minutes al- 
though their ability to produce infection 
was lost within the first 90 minutes. In 
this respect, NDV differs from the influenza 
vireses, all of which lose their ability to 
infect embtyonated eggs before they lose 

ibeir ability to hemaggluiinate. The dif- 

lerems in the rate at whidi the hemagglu. 
tinin is destroyed by heat is a tharacteristic 
...lairh ND strains mav be riiffAu..,.- . . . 


tinin “ “‘‘^actenstic 

by which ND strains may be differentiated 
Like other parainfluenzas. NDV possesses 
a hemolysin. The vims is capaUt of lytinn 
those erythrocytes that it can agglutina.f 

(Kilhmn, 1949; Burnet, 1950; BS“ a„d 
Lind, 1950). The hemolytic activity of 
virus preparations is enhaaced b, freja;„ ‘ 
and thawing, by dialysis, b, ' jg j'"® 
and by osmot.o (GraaoJ “ 

,954; McCollum and Bzandly, 1955M The 
,au concentmtion and pH 
ing solution and ihe temper,, “ ‘“S/ 
,he reaction takes place 
(Granoll and Henlc, I954) 
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has suggested that the hemolytic capability 
of NDV can be separated from its he- 
magglutinative activity by chemical proce- 
dures. 

The ability of the viral preparation to 
provoke a pathologic change in a host 
system in the absence of multiplication has 
been designated toxicity. Burnet (1942) 
first reported that NDV possesses this ca- 
pability. The toxic response is elicited fol- 
lowing intracerebral, intranasal, and intra- 
venous administration of the virus in mice 
and intravenous injection of rabbits. When 
introduced into the brain of a mouse, the 
virus incites central nervous system disturb- 
ance with paralysis within two days and 
death in three days (Upton el al., 195S; 
Groupe and Dougherty, 1956). Following 
nasal instillation, it may induce pneumonia 
and death of mice (Ginsberg, 1951), and, 
following intravenous injection, it may 
cause lymphocytopenia (Evans and Mel- 
nick, 1950) and fever (French, 195^ of rab- 
bits. Toxic capability of the virus is 
rapidly reduced by dilution and readily de- 
stroyed by treatments that destroy inCectiv- 
ity. Following inoculation of the virus into 
the brain of a mouse, it is absorbed by and 
penetrates the cells. The virus may even 
initiate a partial replication process as has 
been suggested by Cairns (1951). However, 
infective virus is not produced. The toxic- 
ity of NDV for mice following inoculation 
by any route varies among strains (Hanson 
et at., 1951; Upton et al, 1955). Those 
strains that have a high degree of neuro- 
toxicity for mice are also highly pathogenic 
for chickens. No relationship has been 
found between toxicity measured in other 
ways and pathogenicity for chickens. 

Replication of NDV has been studied in 
cell culture systems. The virion, on reach- 
ing a cell surface, presumably attaches by 
processes that are involved in agglutination 
of erythrocytes. The virion then passes 
through the cell wall probably by viropexis 
(Silverstein and Marcus, 1964). At this 
point the virion loses its integrity, the en- 
velope disappears, and it is supposed that 
the nucleoprotein core is released as a long 


filament (Fig. 22.1). Infective virus cannot 
be found for the next tliree hours. During 
the eclipse period, NDV specific antigen 
can be demonstrated by complement fixa- 
tion and by fluorescent antibody reactions. 
First detected is the NP antigen in the cyto- 
plasm near the nucleus (Rott, 1964). Then 
the HA antigen and neuraminidase can 
be found throughout the cytoplasm. The 
specific antigens accumulate and structures 
identical with the mature virion appear 
just within the cell membrane 3 to 4 hours 
after infection (Wheelock, 1963; Kings- 
bury, 1962). Sometimes these particles pack 
the microvilli. If the cell is destroyed by 
sonic disruption, its particles are found to 
be infectious. In the usual course of events 
the virions are liberated as small parts of 
the cell membrane, much as miaovilH are 
sloughed (Bang. 1952). Liberation of virut 
starts four hours after infection and can 
continue for another four hours without 
destruction of vital processes of the infected 
cell. An excess of virus specific substances, 
external NP antigen, viromicrosomes, and 
released HA are produced that are not in- 
corporated into the infective virus particles, 
the virions (Rott, 1964). 

There is some evidence that the virion 
may be produced either at the cell surface 
and incorporate cell membrane substance, 
or within the cyotoplasm and incorporate 
endoplasmic reticulum substance (Rott and 
Schafer, 1962). The first class of particles 
is sensitive to hydroxylamine and is usu- 
ally avirulent for chickens. The second 
class is resistant to hydroxylamine treat- 
ment and is usually virulent for chickens. 

NDV interferes with the multiplication 
and pathologic expression of certain other 
viruses and, in turn, it is interfered with 
by cerUin viruses (Raggi et al, 1963; Cha- 
nock, 1955; Morimoto et al, 1962). Mixed 
infection in chickens can result in aborted 
disease and immunologically reduced re- 
sponse (Hanson et al, 1956). In cell cul- 
tures, interference has been utilized in the 
development of procedures to detect non- 
cytopathic viruses (Shimizu et al. 1964). 
Mixed infections of NDV strains and of 
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suains of NDV induce Ibe w 
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the virus has multiplied ^ that an 
altered the cells in such a 
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Jowing inoculation of the virus. Since the 
size and clarity of a plaque increase with 
time, the description of a plaque must 
ahva)s refer to its age. 

Velogenic and mesogenic strains are cy- 
topathic and produce plaques; leniogenic 
strains are sometimes cytopathic but ap- 
pear to be unable to produce plaques in 
chicken embryo fibroblasts and in HeLa 
cells. With these exceptions, most labora- 
tory srains of NDV as well as new isolates 
contain more than one type of plaque and, 
sometimes, as many as five types difiering in 
size, margination, degree of cell destruc- 
tion, or type of cell alteration. It is possi- 
ble to differentiate strains according to the 
types of plaques that they produce. It is 
possible to carry them as pure lines which 
will continue to produce under suitable 
conditions of serial transfer plaques that 
arc similar to the one that was initially 
picked (Baron, 1964; Schloer, 1964). 

All strains of NDV induce infection of 
chicken embryos which lead, svhh few 
exceptions, to death of the embryo. The 
lentogenic strains may fail to induce death 
of the embryo when antibodies are pres- 
ent in the yolk. Velogenic and mesogenic 
strains produce such rapid infection that 
the yolk antibody is incapable of modifying 
it. The route of infection, the temperature 
at which the incubated egg U held, the 
age of llie embryo, and the quantity of 
lirus introduced modify the infectious 
process. Infection is more rapidly fatal 
when the inoculated embryos arc young, 
when the quantity of virus introduced is 
large, and when incubation is above, as 
contrasted to below, 37® C. (Sinha, 1958). 
Volk sac and intravenous inoculation re- 
sult in more rapid fatalities than do allan- 
toic and choriollantoic membrane inocula- 
tion (Hanson ct a!.. 1947). The route of 
the infection modifies the order in which 
tissues become infected and the rate at 
which the sirus titer increases. High tilers 
of sirus are found in the extra-embryonic 
fluids from 24 to 48 hours before the death 
of the embryo. The differences in lime 
vary among strains. How ever, development 


of high titers in the lung and spleen of the 
embryo itself precede death by only 2 to 6 
hours. Presumably, the presence of virus in 
these tissues is associated with changes that 
result in death. Consequently, the rapidity 
with which these sites in the embryo are 
reached by the virus following its intro- 
duction probably determines the length 
of the period between infection and death. 
A measure of the virulence of a strain of 
NDV for the chicken embryo can be based 
on the number of hours that elapse be- 
tween introduction of the minimal infec- 
tive dose and death of the embryo (Hanson 
and Brandly, 1955). Lentogenic strains 
take over 100 hours; mesogenic and velo- 
genic strains, 50 hours or less. The gross 
lesions induced by ND in the embryo in- 
clude petechial hemorrhage on the skin 
of the embryo over the extremities and, 
with some strains, particularly over the 
cranial area (Bang, 1964). 

The pathogenicity of NDV for chickens 
is determined largely by the strain of the 
virus, but also in part by the dose, the 
route of administration, the age of the 
chicken, and certain environmental condi- 
tions (Sinha et al, 1952). The younger the 
chicken, the more virulent is the virus. 
Breed or genetic stock of chicken has only 
a slight effect upon susceptibility to the 
virus. At high ambient temperatures, 
chickens appear to be more susceptible and 
to more frequently develop neurologic 
signs (Sinha, 1957). Some of the velogenic 
strains are capable of producing death fol- 
lowing the introduction of only a few in- 
fective particles: other strains require a 
million or more infective units to induce 
death; some strains are nonfatal even in 
enormous doses. The route of infection 
modifies the nature of the pathogenic pro 
^s. Natural routes of infection, such as 
intranasal, oral, and ocular, including aero- 
sol forms, are most frequently associated 
svith development of respiratory disease. 
Intramuscular, intravenous, and intracere- 
bral administrations usually enhance the 
neurosirulence of the virus. 

A sequence of events follmving introduc- 
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lowing inoculation of the virus. Since the 
size and clarity of a plaque increase with 
time, the description of a plaque must 
always refer to its age. 

Velogenic and mesogenic strains are cy- 
topathic and produce plaques; lentogenic 
strains are sometimes cytopathic but ap- 
pear to be unable to produce plaques in 
chicken embryo fibroblasts and in HeLa 
cells. With these exceptions, most labora- 
tory srains of NDV as well as new isolates 
contain more than one type of plaque and, 
sometimes, as many as five types differing in 
size, margination, degree of cell destruc- 
tion, or type of cell alteration. It is possi- 
ble to differentiate strains according to the 
types of plaques that they produce. It is 
possible to carry them as pure lines which 
will continue to produce under suitable 
conditions of serial transfer plaques that 
are similar to the one that was initially 
picked (Baron, 1964; Schloer, 1964). 

All strains of NDV induce infection of 
chicken embryos which lead, with fesv 
exceptions, to death of the embryo. The 
lentogenic strains may fail to induce death 
of the embryo when antibodies are pres- 
ent in the yolk. Velogenic and mesogenic 
strains produce such rapid infection that 
the yolk antibody is incapable of modifying 
it. The route of infection, the temperature 
at which the incubated egg is held, the 
age of the embryo, and the quantity of 
virus introduced modify the infectious 
process. Infection is more rapidly fatal 
when the inoculated embryos are young, 
when the quantity of virus introduced is 
large, and when incubation is above, as 
contrasted to below, 37° C. (Sinha, 1958). 
Volk sac and intravenous inoculation re- 
sult m more rapid fatalities than do allan- 
toic and choriollantoic membrane inocula- 
tion (Hanson et al.. 1947). The route of 
the infection modifies the order in which 
tissues become infected and the rate at 
which the virus titer increases. High titers 
of virus are found in the extra-embryonic 
fluids from 24 to 48 hours before the death 
of the embryo. The differences in time 
vary among strains. However, development 


of high titers in the lung and spleen of the 
embryo itself precede death by only 2 to 6 
hours. Presumably, the presence of virus in 
these tissues is associated with changes that 
result in death. Consequently, the rapidity 
with which these sites in the embryo are 
reached by the virus follosving its intro- 
duction probably determines the length 
of the period between infection and death. 
A measure of the virulence of a strain of 
NDV for the chicken embryo can be based 
on the number of hours that elapse be- 
tween introduction of the minimal infec- 
tive dose and death of the embryo (Hanson 
and Brandly, 1955). Lentogenic strains 
take over 100 houn; mesogenic and velo- 
genic strains, 50 hours or less. The gross 
lesions induced by ND in the embryo in- 
clude petechial hemorrhage on the skin 
of the embryo over the extremities and, 
with some strains, particularly over the 
cranial area (Bang, 1964). 

The pathogenicity of NDV for chickens 
is determined largely by the strain of the 
virus, but also in part by the dose, the 
route of administration, the age of the 
chicken, and certain environmental condi- 
tions (Sinha et al, 1952). The younger the 
chicken, the more virulent is the virus. 
Breed or genetic stock of chicken has only 
a slight effect upon susceptibility to the 
vinis. At high ambient temperatures, 
chickens appear to be more susceptible and 
to more frequently develop neurologic 
signs (Sinha, 1957). Some of the velogenic 
strains are capable of producing death fol- 
lowing the introduction of only a few in- 
fective particles: other strains require a 
million or more infective units to induce 
death; some strains are nonfatal even in 
enormous doses. The route of infection 
modifies the nature of the pathogenic pro- 
cess. Natural routes of infection, such as 
intranasal, oral, and ocular, including aero- 
sol forms, are most frequently associated 
with development of respiratory disease. 
Intramuscular, intravenous, and intracere- 
bral administrations usually enhance the 
neurovirulence of the virus. 

A sequence of events following introduc- 
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icity occurs within periods of 5 minutes to 
6 hours. At 37° C.. hours or even days are 
required to induce these changes. At 20° 

C. and 8° C., months or years pass before 
all reactivity of the virus is lost. 

NDV is destro)ed by exposure to ultra- 
violet light rays in a similar fashion to 
other myxoviruses (Oppenheimer et al., 
1944). It has a rather broad stability in 
the presence of varying hydrogen ion con- 
centrations. The infectivity is retained for 
many hours at a pH as low as 2 and as high 
as 10 (Moses et al , 1947). 

The inactivating effect of chemicals is 
very much dependent upon substances in 
the suspending medium, large quantities of 
protein reducing the effect of chemicals 
and delaying the inactivation of the virus. 
Formalin, beta-propiolactone (Mack and 
Chotisen, 1955), and phenol are useful in 
destroying the infectivity without severely 
damaging the immunogenicity of the prep- 
aration. At low temperatures, dilute for- 
malin will destroy the infectivity without 
markedly affecting the hemagglutinin and 
without any measurable effect upon the im- 
munogenicity of the preparation. Most 
known viricidal chemicals will destroy 
NDV (Tilley and Anderson, 1947; Beamer 
and Prier, 1950; Cunningham, 1948). 

Destruction of the stability of NDV in 
nature is greatly dependent upon the me- 
dium in which the virus is present, e.g., de- 
caying carcasses, feces, drying or ferment- 
ing matter, or mucous droplets in air ^ako- 
mirdin, 1963; Walker et al., 195$; Olesiuk. 
1951; Mickalov and Vrliak, 1963; Boyd and 
Hanson, 1958). The proteinacious matter 
may not only be protective but it may nul- 
lify the action of the disinfectant. Environ- 
mental conditions, particularly warm tem- 
perature and solar radiation, facilitate the 
destruction by chemicals. Freezing temper- 
atures suspend most inactivating pro- 
cedures. Disinfection should follow physi- 
cal cleaning and, in winter, should be car- 
ried out only in the presence of supple- 
mental heat. 

A strain of NDV is a culture that has 
been recovered from a chicken or other 


host by inoculation of a suitable labora- 
tory system such as embryonated eggs or tis- 
sue culture. Such a culture or isolate can 
be called a strain without signifying that it 
is necessarily distinct or different from any 
Ollier culture or isolate (International 
Rules of Nomenclature). Almost all strains 
of NDV that have been characterized on 
the basis of their physical stability and 
their biological properties have been shown 
to differ slightly or markedly from one 
another (Hanson and Brandly, 1955). 
From such strains, one can isolate sublines 
which are differentiable from the parent 
culture on the basis of plaque morphology 
(Granoff. 1964; Schlocr, 1964). These lines 
are usually differentiable also on the basis 
of their virulence for selected host systems 
and selected physical characteristics, and 
they may differ in their antigenicity. Sub- 
lines may also be separated by selective 
properties such as ability of a portion of a 
viral population to resist thermal shock 
(Goldman and Hanson, 1955). A subline 
may be separated from a culture by its 
ability to propagate in a given host system 
(Brueckner et ah, 1950; Komarov and 
Goldsmit, 1946). With few exceptions, 
strains are composed, on initial isolation, 
of heterogeneous populations that are 
separable on bases of plaque type and abil- 
ity to surmount physical or biological 
hurdles. These population segments pre- 
sumably arise through mutation (Granoff, 
1964) and persist witli varying degrees of 
success so that the population is the sum 
of the surviving mutants at any one time. 

The heterogeneity of Newcastle strains 
suggests a built-in adaptability which has 
survival value to the virus in nature. It 
also suggests the desirability of formulating 
vaccines by selection of the most antigeni- 
cally competent viral lines. 

NATURE AND COURSE OF THE DISEASE 

Proof is lacking that NDV, within an 
egg laid by an infected hen, may survive in 
and permit hatching of an infected embryo. 
Nevertheless, infection and death of em- 
bryos may occur during the first 4 or 5 days 
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from zero to 100 per cent among laying 
flocks have been reported from various 
parts of the world (Brandly, 1950). 

Effect on Egg Quality and Production 
The laying of soft or imperfectly shelled 
eggs early during attacks of ND in laying 
flocks may be followed after recovery y 
temporary and permanent 
of egg quality. Lorenz and Newlon (1“ /» 
^erg ef al. (1947), and later others reporteu 
on the basis of field findings and obser- 
vations of trap-nested hens of absent or 
tremulous air cells, watery albumen, and 
rough, discolored, and chalky shells, and 
of abnormally shaped eggs. A high pO" 
rentage of the hens laid abnoimal eggs up 
to 45 days after an outbreak of ND (Lorenz 
and Newlon, 1944). The loss of albt^e« 
quality and shell abnormality tended to 
be permanent. Parnell (1950) found that 
eggs from hens that had experienced an 
attack of ND had loiv albumen indexes 
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FIG, 23.3 ^ Beiplrotory 
tymptomt of Naweatll* 
ditaoi*. 



Jrop jifccipitoujly to a low level or to zero 
Ropiratory jigni may recede or disappear 
entirely within 2 to 3 weeks, alihougli a|)- 
parcni spread and persistence of ND may 
be prolonged. c5|Kcially in flocks partially 
resistant as a result of prior infection or 
vaccination. Nervous involvement may arv 
l*^^r as in chicks, although the ptopotiion 
of cases is usually losscr among the older 
stock. In the absence of complications, the 
apjsciitc may return to normal after several 
vsccki. and egg production has been re- 
potted to reach preinfection levels I to 8 
vseeks after an outbreak (Reach. 1917; Biv 
wal and .Nforrill. 1951). If molt is induced, 
especially after production it well siaiicd’ 
in the pullet flock, return to production 
may be further delayed. In other instances, 
the egg vicid as Sscll as quality of the 
flock IS {>ennanently impaired. 

In the more severe outbreaks, depression 
and "sepiicenualike" prostration arc early 
prominent signs. The entire flock may sit 


huddled on ilie roosts and floor, eating 
little or nothing. A number of yard or 
floor eggs, mostly with soft or imperfect 
shells, are usually laid. A profuse fluid 
diarrhea often accompanies the early 
febrile reaction which, with rapid dehydra- 
tion of the body, soon becomes sparse and 
almost exclusively urate in composition. 
Even in such outbreaks, the less severely 
affected birds may recuperate rapidly, 
inaikcd improvement being apparent with- 
in 24 to 48 hours. The central nervous $)*■ 
tem is involved in a variable number of 
birsls. Clonic spasms and partial or com- 
plete paralysis of one or several extremi- 
ties, the head and neck, or the entire body, 
especially combinations of spasms and 
paralysis, are quite characteristic of NI>. 
The conscr{ucntc of these and other signs, 
eg., torticollis and incoordination, may 
not be early death, but individuals so af- 
fected may be classed as "mortality" since 
recoscry is rare. Mortality rates ranging 
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cirt 22.3 — Nervous 
symptoms of Newcastle 
disease. 
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and 34 per cent for crossbreds. The de- 
aease in per cent of egg production for all 
groups during the epizootic was sufficient 
to lower the annual egg production, but 
to a lesser extent than was anticipated &ozn 
the decrease observed during 12 weeks of 
low production. Average egg weights for 
the 3 months, as well as the annual egg 
weights of all groups, were decreased to a 
small but appreciable extent. A consider- 
able time elapsed before birds were able 
to overcome the effects of ND on egg 
weight. 

Upon infection with ND, some pullets 
laid imperfect and soft-shelled eggs (Biswal 
and Morrill, 1954). The eggs from certain 
pullets had a definite reduction in shell 
weight and thickness which persisted at 
least through the 56 days after Infection. 

Clegg and Mueller (1951) concluded that 
eggshell abnormalities resulting from ND 
infection were due to malfunction of the 
shell-producing uterus of the previously in- 
fected hen. 

EPIDEMIOLOGY 

Important in the ecology of ND virus 
and, hence, in the epidemiology of ND are 
the high resistance of the virus to adverse 
environment, the facility of its spread by 
various means, including air-bome routes 
or medianisms, and its relatively broad and 
apparently expanding host spectrum 
(Beaudcite, 1943, 1949; Brandly. 1950. 
1953; Brandly et al, 1946a). 

From the standpoint of the hosts’ ecol- 
ogy, various states from complete refrac- 
tivity to ready susceptibility to infection 
and, theresviih, the occasional development 
of a balanced, though highly insecure, host- 
virus relationship are of major conse- 
quence. Environmental factors, especially 
husbandry and industry practices, ob- 
viously influence Uie ecology of the host, 
and these, together with other factors not 
already referred to in previous sections, 
may be considered briefly in the epidemiol- 
ogy of ND. 


Season 

Earlier reports indicate that ND pre- 
vailed mainly during the fall and winter 
seasons, tending to disappear largely dur- 
ing the warmest weather in enzootic areas 
(Beaudette, 1943; Brandly et al., 1946a). 
Davis et al. (1950) observed from a field 
survey that the reaction to living ND vac- 
cine, mild and satisfactory in the summer 
of 1948, became so severe during the fol- 
lowing winter that vaccination was discon- 
tinued as a practice in the area. “Breaks" 
after vaccination, regardless of the type of 
living or inactivated vaccine used, were 
greater during the winter season. Sinha et 
al. (1957) studied the severity of ND in 6- 
to 7-week-old chickens acclimatized to dif- 
ferent environmental temperatures. After 
infection with viral aerosols, the mortality 
at 85'=>-90o F. was 100 per cent; at 70°- 
75° F., 95 per cent; at 50°-55® F., 75 per 
cent, and at S2°-35° F., 55 per cent. The 
incubation period was shortest at the 
warmer temperatures. Nervous signs of 
ND predominated at warmer temperatures; 
the respiratory signs were more prO' 
nounced at the colder temperatures. 

While climatic factors may mediate sus- 
ceptibility to ND infection, it would ap- 
pear that husbandry practices which pro- 
vide successive broods of susceptible chicks 
on contaminated premises throughout the 
year inordinately favor perpetuation of the 
infection. 

On the basis of various evidences of prior 
unrecognized, mild, or subclinical ND in 
the United States. Beaudette (1952) be- 
lieved that the obvious clinical disease may 
have been provoked by cold, adverse 
weather. 

Age 

More recent reports substantiate earlier 
observations which indicated that birds of 
all ages and breeds are susceptible al- 
though substantially less so svith advance- 
ment to maturity (Beaudette, 1943; 
Brandly, 1953; Brandly et al., 1946a; Craw- 
ley, 1954). Earlier compilations of well- 
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IPaleomia) in Holland (Zuijdam, 1952a); 
and from the jackdaw (Corons "•“"'.‘'“W 
(Keymer, 1961). Naturally infected in an 
outbreak in a zoological garden were the 
little owl (Athene noctm), raven 
sm). whitotailed eagle (Haheetue albtcM^. 
Jnd giant kingfisher (Deceit) g.gor) (Schoop 
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species of birds are refractory to massive 
exposure with various strains by all routes. 
Ho'»e\er, Placidi and Santucci (1956) state 
that carnivorous birds are apparently en- 
tirely resistant. 

Determination of susceptibility to infec- 
tion by feeding or aerosol exposure should 
afford a better indicator of liability to 
natural infection than parenteral inocu- 
lation svould. Both pigeons and doves were 
found susceptible to severe and frequently 
fatal infection with strain GB (Boney, 
1951) administered as an aerosol (Hanson 
and Sinha, 1952). Moses (1951) infected 
cowbirds, grackles, starlings, and English 
sparrows by aerosols of strain 119H. Spar- 
rov>s were also subjected to aerosols of 
strain GB and contracted infection. 

Recognition of the infccliviiy of NDV 
for man by direct and indirect contact and 
for various other mammals, naturally and 
artificially, is a recent significant develop- 
ment. Since Bumci in 1942 recorded the 
first human case, which resulted from acci- 
dental introduction of infected allantoic 
fluids into the conjunctival sac, a number 
of human cises have been recorded. To 
those summarized by Keeney and Hunter 
(1950), and among which 11 were verified 
by virus isolation, have been added many 
rejjons including those of the ^^inncsota 
group (Pomeroy, 1951; Quinn el al., 1952; 
and Lippmann, 1952), and the summary 
rei>ort of more than 100 cases throughout 
ilic world recorded in 53 papers during the 
|>eriod 1943 to 1955 (Hanson and Brandly, 
195S). The Minnesota outbreak involved 
40 of a total of 90 persons emplo)ed in 
evisceration of poultry at a slaughtering 
plant. Virus was recovered from 4 of 10 
individuals examined while showing acute 
$>mptom$. Quinn et al. (1952) record 2 
cases with ocular signs and a third with 
only general sjmptoms. The latter yielded 
vjrus from die nasal secretions and one of 
the others from the urine as well as the 
blood, nasal scactions. and saliva. Cen- 
cr.ilucd infection without ocular involve- 
ment and recovery of the virus from the 
saliva had been recorded previously by 
Mitihcll and 4V'alker (1951) while tlie pres- 


ence of the virus in the urine of man had 
not. Recognition of ND as an occupational 
hazard, especially to poultry eviscerators 
and to persons preparing ND vaccines and 
administering the living vaccines in the 
form of sprays and dusts (Dardiri et al., 
1962), and of its potential human-to-human 
spread should serve as a major impetus for 
the poultry industry and the veterinary 
medical profession to suppress the malady 
at its source and eventually to eradicate it. 

Conjunctival reinfection of man within 
4 weeks (Freymann and Bang. 1949) and 
after 4i^ years Qaeotot et al., 1955) has 
been recorded. 

A number of species of mammals includ- 
ing mice, hamsters, monkeys, dogs, guinea 
pigs, rabbits, ferrets, swine, calves, cats, bats, 
shrews, hedgehogs, and chinchillas have de- 
veloped clinical manifestations after arti- 
ficial exposure to NDV chiefly by paren- 
teral routes. In several species, e.g., swine 
and sheep (Hofstad, 1950; Brueckner et al., 
1950) and monkeys (Meyer and Mack, 
1946; VVenner and Lash, 1949; Reagan et 
al., 1947, morbidity or death, or both, re- 
sulted only after intracerebral inoculation, 
not by intravenous and other routes. Six 
strains of NDV identified only according to 
the state of origin, were infective for cave 
bats (Myotiu lucifugus) by Intranasal instil- 
lation as well as by intracerebral, intra* 
peritoneal, and intradermal injection (Rea- 
gan and Brueckner, 1951). 

The reported capacity of certain strains 
of NDV to infect various mammals includ- 
ing man, experimentally, or in nature, i.c., 
cats (Bolin, 1948; Giltner, 1950; Report of 
Director, Purdue Agr. Exper. Sta., 1950). 
and man further stresses the real and po- 
tential range of infectivity of the virus. 

Modes of Spread 

Various reports and surveys (Beaudetie, 
IIMS. 1950. 1951; Brandly et al., 1946a: 
Kaplan. 1949; Blood, 1950; Brandly. 1950, 
1933; and oiliers) indicate that natural 
spread of ND has been chiefly through the 
media of exudates, excreta, and offal of in- 
fected birds. Tlie digestive and respiratory 
routes obviously constitute the major chan- 
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soread ot ND was substantiated by the 
tJork ol DeLay el ol. (1948) who recovered 
the virus from the air ot a poultry house 
harboring an infected flock, ^ttfictally 
created aerosols of the virus have been 
shown by Hanson and Sinha (1952), Sinha 
et al (1952, 1954), and others to serve as a 
ready means of transmitting the virus. 

More recent reports affirm the respira- 
tory tract (Kohn. 1955, 1959) to be the most 
im^rtant and susceptible to ND infection 
vet an ND epidemic in Nigeria has been 
described that did not spread from pen to 
oenvia the air, nor rapidly in the feed, but 
readily via infected drinking water (Kas- 
chula, 1961b). • . , • 

The presence of NDV in eggs laid dur- 
inff the predinical and early acute stages of 
the disease (Van Roekel. 1946; Jungherr. 
1946; Prier 

through breakage, the contamination of 
craies, incubators, and other objects as well 
surrounding atmosphere. The virus, 


•ales, incubators, and other objects as 
as the* surrounding atmosphere. The virus, 
which has been found in about a third of 
the eggs laid during the acute phase of a 
flock outbreak or after live virus vacci- 
nation (Beaudeitc, 1948), would appear to 
prevent do^elopment or kill the embryo of 
fertile eggs (Doll et al., 1950a; Hofstad, 
1949b). The report of DeLay et al. (1947), 
suggesting pareni-ti^ffspring transmission 
as a result of finding virus in 4-day-old 
chicks from eggs laid during an outbreak, 
is interesting but requires confirmation, 
living ND vaccines, especially those of 
relatively high pathogenicity, may sgj.yg to 
introduce intecuon into or upon premises 
from which it may spread directly via vac- 
cine-infected birds or mdiicaly by con- 
tamination of air, water, and various ob- 
jects. Fowl I»x..l=>DOSOUachcitis. or other 
vaednes contaminated with Nd (Zar- 
gar and romcroy. 19a0; Hanson. 1953) 
have spread ND. 

Corners ond Vecton 

WlxWc Uie fo«f early incubaih* 

and frank stages of ND u ^ 

most I>otcni ^ it has {T 

come ma-°J‘'»J<^ent or ^ 

covered individual may 
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and eliminate the virus for substantial 
ptnods. Scscral investigators have rc- 
[>oricd detection of NDV in recovered 
chickens or in eggs laid during periods of 
2 to -1 months following exposure or clini- 
cal recovery (Beach, 1912; Jungherr and 
Tcriell, 1910; Schocning and Osteen, 1948; 
Walker and McKcrchcr, 1951). Pomeroy 
{191S) reported NDV recovery from a 
chicken showing illness 17 months after 
having undergone recognizable ND infec- 
tion. Beaudette (1918) reported isolation 
of NDV from a flock at 3 weeks of age and 
again v\hen it vvas in 10 per cent pro- 
duction. The possibility of reinfection in 
both these instances was, however, not ex- 
cluded. \Valkcr and Powell (1950) re- 
potted that normal hens, placed in contact 
vvith a rooster infected 6 months pre- 
viously, developed infection after 5 weeks' 
exposure. Brandly (1915) observed that 
susceptible hens, placed with an immune 
lockctel that had been inoculated with 
virus several da>s previously apparently 
contracted the disease from the cockerel. 
Prior el al. (1950) failed to recover NDV 
from eggs laid by immune hens 1 to 2C 
da>i after heavy challenge. Hov»cvcr. 
/uijdam (19321) found that flocks of duck- 
ens paiily immune, as a result of vaccl- 
nation wills a killed or living vaccine, cx- 
rictcd virus for 33 and 19 da)s after a sub- 
v«|ucnt dialleiige with virulent virus. 
\»tu$ was not shed after vaccination with 
two other living vaccines and subsequcni 
challenge. Aiplin (1952) found that fowls 
vaccinated with strain F, of low virulence, 
failed to show signs on challenge but they 
excreted virus. Dimer and Bakos (1933) 
and Woernic and Brunner (1957) reported 
similar results, the former of transfer of 
NDV to j>cn contact birds. Schmidt and 
Bindneh (1936) observed virus excretion in 
clinically immune fov»l after llcnfordsliire 
virus vaccination only when the Ilf scrum 
tiler fell below 1;10 or 1:20 and die SN 
liter was lower dun the ILV. 

Numerous other observations indicating 
failure of infection to occur, even after fre- 


quent or prolonged contact of susceptible 
and recovered birds, suggest a low rate of 
recovered carriers. Nevertheless, with the 
development of predominantly pneumo- 
tropic strains of virus and the occurrence 
of largely nonfatal infections or of natural 
reinfections, the possibility of an inaease 
In carrier rate may be anticipated. 

Gordon et al, (1948) concluded that the 
introduction of healthy turkeys from af- 
fected areas apparently accounted for the 
origin of some ND outbreaks. Other birds, 
especially free-flying species (sparrows: 
turtle, striped, and laughing doves; and 
connorants) appear to have been incrimi- 
nated as vectors or carriers by the obser- 
vations of Kranevcld and hfansjoer (1950), 
Mansjoer (1961), Kaschula (1950), Gustafson 
and Moses (1953), Hartwigk and Nilschie 
(1957), Hanson and Sinha (1952), and Mac- 
pherson (1956b). 

The presence of virus in the feces of 
various mammals, e.g., mice, rats, dogs, 
foxes, or cals for periods up to 8 days after 
they had eaten NDV-infccted embryos or 
fowl carcasses has been demonstrated (Pole! 
andSilvagnj. 195-1; Zuijdam, 1951; Walker 
etal., 1951; Baaynski, 1959; and others). 

Arthropods have not been incriminated 
as vectors of ND. Komarov (1910) found 
ticks {Argas pcrzicus) abundant in an in- 
fected flock, but allowing them to feed on 
a healthy fowl did not transmit the disease. 
By inoculation of susceptible fowl with 
ticks from a diseased bird, the virus was 
found to survive in or on the tick for 7 but 
not 10 or 13 days. Bolin (1918) isolated 
NDV from common chicken lice collected 
from hens 35 days after subcutaneous in- 
jection with the virus. Hofstad (1919a) ob- 
tained negative results by transfer of mites 
{t-iponyuus sylvlarum) from infected chick- 
ens, but inoculation with w'ashcd mites 
that had fed on infected birds caused in- 
fection. 

Mansjoer (1961) found that the virus re- 
mained viable in the Indonesian giant 
snail for several weeks and, hence, could 
be a source of infection. 
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DIAGNOSIS 

A combination of means or methods is 
usually required for definitive diagnosis of 
Neti’castle disease. These may embrace 
clinical examinations, gross and histologi- 
cal observations, isolations of the virus, 
virus-serum neutralization tests, h«nag- 
gluiination, hemagglutination inhibition, 
hemadsorption, and specific immunity tests 
(Beaudette. 1943, 195); Brandly et al, 
1946b; Jungherr et al., 1946; Cunningham, 
1952; Bankowski et ah, 1959; and others). 

Cfmtcal Examination 

The signs of ND described under "Nature 
and Course of tlie Disease" obviously closely 
resemble or are identical with those of a 
number of infectious diseases. Bronchitis, 
laryngotradieitis, coryza, leukosis, mycosis, 
puilorum disease, and the so-called chronic 
respiratory disease (Delaplane and Stewart, 
1943) and infectious sinusitis o! turkeys 
^use gasping and other respiratory signs 
indistinguishable from those frequently 
seen in birds and flocks affected with NO. 
The common nervous expressions of ND— 
lameness, paralysis, incoordination, tonh 
collis, etc.— are often similar to or identical 
svith tltose seen in the following diseases; 
neurolymphomatosis (fowl paralysis), avian 
encephalomyelitis (epidemic tremor), ribo- 
flavin deficiency (curled toe paralysis), vita- 
min £ deficiency (encephalomalacia or 

D (rickets) and vitamin A deficiencies; also 
botulism, heavy metal poisoning, and, ac- 
cording to Placidi (1954), corn cockle 
{Lychnis githago) poisoning. 

Distinction between ND and respiratory 
diseases sudi as bronchitis, laryngo- 
tracheitis, and dironic respiratory disease 
(mycoplasmosis) is p.irticularly difficult in 
flocks of growing and laying birds where 
Uie railier typical nervous roanifesiaiiohs 
of ND ate lacking. Nervous signs may be 
absent or fail to appear until laic in Uic 
course of the outbreak, thus complicating 
or preventing a clinical diagnosis. A pre- 


cipitous drop or cessation of production 
among layers and the development of nerv- 
ous signs following respiratory involve- 
ment, especially in chicks, often suggest 

ND. 

Gross lesions 

The pathologic changes of ND, chiefly 
hemorrhagic and inflammatory In nature, 
vary greatly in location, severity, and ex- 
tent from bird to bird and among flocks 
and outbreaks (Beaudette, 1943; Jungherr 
et al., 1946). The variability in tropisms 
aocf pathogenrc/fy among and within 
strains of NDV, as already mentioned, has 
been the cause of mudi confusion and 
delay in diagnosis and in the search for a 
satisfactory name for the disease. Likewise, 
variation in the response of the host animal 
associated vvith such factors as age and 
partial immunity often contributes materi- 
ally to differences in lesions. Peracute or 
acute cases may show predominantly 
hemorrhagic pictures with severe and ex- 
tensive invclvejncnt of the proveniricular 
submucosa and the lymphoid patches and 
follicles of the intestine and, to a lesser c.x- 
tent, Uie gizzard (Doyle, 1927; Beaudette. 
1943; Jungherr et ah. 1946; Kasdiula, 
1961b). Hemorrhagic necrotic involvement 
adjacent to the lymphoid plaques of tlte 
intestine, including the scxallcd cecal ton- 
sils, is a significant feature of infection by 
the more pathogenic strains with endo- 
rivftliVJVASpvt pvaywrAvv sJ., 

191G). 

Focal hemorrhages of the serous mem- 
branes, while occasionally described, are 
not as prominent or constant as in fowl 
plague and pasteurdlosis. Tlie markedly 
hemorrhagic conjunctivitis sometimes seen 
in inan (Shimkin, 1915}, the occasional con- 
gestion and hemorrhage of the con- 
junctiva in fowl (Bankowski, 1946: Crook. 
1951; Sanioni and Bonaduce. 1952), as well 
as ilic hemorrhagic cnccplialitis wxasion- 
ally cmouniwcd in inoculated chicken em- 
bryos (Burnet, 1942; Jungherr et ah, 1946) 
ate further cxyircssions of the endothelial 
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afTinii) o£ XDV. In .iculc fonns of ND, the 
spleen may be mottled or quite pale and 
slirunlcn, the latter an apparent conse- 
quence of hemorrhage into the body tissue. 

Cloudiness of the air sarj. ssith a film of 
gra)ish or jclloswsh exudate, is a frequent 
but not (onstint lesion of infection with 
distinctly pneumo'ropic strains (Beach, 
1912) and has been commonly seen with 
various strains proposed for use as ND liv- 
ing virus v.vitints. The verositis of the 
piilnionarv air viis has a raarted tendency 
to progress to tlic pericardium and visceral 
cpKartliurn with consequent pericarditis 
and resultant marVet* thickening, opacity, 
and rascous exudates. The sub.tiuicly or 
chronically a(Icet,;d air sacs may be lliicle- 
cned and show fibrotie "siarring" 

Congestion and rautous exudation, 
gincralh quite mild, are often present in 
the traciieas of birds vshich have shown 
tcsiiiratory signs, but these changes do not 
serve for differentiation of ND from other 
respiratory infections 


Biswal and Morrill (1951) found that 
ND infection of lasing pullets may result 
in oophoritis, ssith marked {legcncrailott or 
attcsia, and Ivniplimyiic hyperplasia. In 
the pullets studied, there followed arrest 
of ovulation and culnequcnt oviposition. 

Clouding or graying of the eyes, as dc- 
sciibcd in a few eases, may result from sus- 
pension of inlkimmatory cells in the fluid 
of the anterior cliamber. In rare eases, 
vesicles fonn on the wattles and comb and 
these may indicate a dermoiropic character 
oUhe ND virus (Brandly. 1915; and oth- 


Ncwcasile disease infection of the embrv- 
onaimg chicken egg. by diorioallantoic 
membrane inoculation, first described by 
lurntt and Ferry (I93i). frequently resulu 
n il.e dpelopment of minute, fine, gray 
in the exposed jwrtion of the mein, 
branc or of plaquel.kc gray thickenings 
with v-urllite foci. Congestion of the feet 
and skill vanes from slight to moderate. 
D,»m., {ictechial or slightly larger, hera- 
onha.,rs of the skin of the embryo occur 
quite >„nimonly with some strains, less 


often with others. Infrequently, the em- 
bryos may show marked cranial hemor- 
rhage or “hemorrhagic encephalitis.” Gross 
congestive and hemorrhagic involvement 
of the yolk sac is present in a considerable 
proportion of specimens. This change has 
not been seen in fowl plague, pox, bronchi- 
tis, and laryngotracheitis infections of the 
chicken embryo (Jungherr el ah, 1946). 

Microscopic Lesions 

Lesions considered to be characteristic of 
infection with NDV vary with the organ, 
virus strain, and other factors involved. 
They are essentially necrotizing in nature 
in the spleen, liver, gallbladder, intestine, 
and heart, and of a proliferative character 
in the lung, iris, and central nervous sys- 
tem. Tlie serous membranes of the thoracic 
and abdominal cavities manifest secondary 
changes of inflammation and cellular infil- 
tration. 

Characteristic gross hemorrhagic, necrot- 
ic foci of the lymph follicles, patches, and 
cecal tonsils were found to occur near or in 
the normal lymplioid aggregates. Recent 
foci have been observed also in the intcf* 
follicular tissue of intact lymphoid follicles. 
Well-developed foci are usually situated in 
the subepithclial region of the mucosa and 
frequently bulge into the lumen, virtually 
occluding it. Complete cell necrosis and 
conspicuous hemorrhage are found at the 
center of the focus while the border shows 
capillary congestion and extravasation. 
The foci tend to produce a partial slough- 
ing of the affected mucosa overlaid by se* 
rous exudate containing bacterial clumps, 
the foci usually extend to. but rarely ^ 
)ond. the muscularis mucosa, hfost of the 
intestinal wall is involved, but the serosa 
is left intact, although the adjacent mesen- 
tery sometimes shows capillary congestion 
and extravasation. The tissues of au 
adjacent to the lymphoid aggregates of the 
heart, liver, gallbladder, and provcntricu- 
lus occasionally also show ncaotizing an 
hemonhagic lesions. 

Tlic lung lesions are primarily prolifer- 
ative and secondarily exudative in that- 
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acter Hyperplasia ol the alveolar wJl 
Si, i.e., the epUhelial covenns, ‘h' “f ": 
Selial lining of the 
connective tissue septa, .‘"f “‘fS’ 
rplaiivelv numerous mitotic figures prwcnL 
The proliferative process may partially or 

;rn,VheSraroSon^l,sh«-^!- 

lar infiltration. An “''""“f' SSins 
ha, been obsetved with a iew viral 

(Jungherr el al., 1945)- sections ol 

the “oviduct o“naW 

trS^teSTymarhed^^^^^ 
and subsequent 'V^P^^J" yik infiUra- 
In the earlier htmo„hage were 

tion, edema, and capillary ,„,„phocytic 

prominent; ‘ only tht shell- 

hyperplasia. However , 

secreting portion “PPf"„joction (Biswal. 
tionally upon return p 
1954; Biswal and challenge 

Among birds which . • _ ^ con- 

inoculation following va 

siderable proportion ■“ J , l„d ol 

ual lesions such a, sea«et“ ^> , focal 

the spleen and liver and P»^ »;,y; 

fibrosis ol the air sacs. 

are discrete areas of c cbrosis; exu- 
lung often ^common than in 

dative lesions are m ji,. 

normal birds. There s ^ ^phocyiic ag- 
crease o£ Hvct and kid- 

gregates, ss on the renal func- 

neys. Evidence of stress ^ m 

lion during immunuatio m ^e. 

the considerable areas 


generation and regeneration (Jungherr el 
al., 1946). , . 

The central nervous system lesions ot 
ND have been described by various authors. 
Only thickening and proliferation of the 
vascular endothelium accompanied by 
early neuronal changes are usually seen in 
recent lesions, while characteristic glial 
clumps are more common in the older 
ones. Loci of predilection are the lumbar 
cord, medulla, and cerebellar nuclei. The 
glial foci of the cerebellar molecular layer 
may be indistinguishable from those oc- 
curring in avian encephalomyelitis, al- 
though they occur unassociated with 
marked perivascular cuffing and axonal re- 
action of the neurons characteristic of the 
latter disease. 


focal 
,, there 
of tire 


Virus Isolation 

As with other infectious diseases, the 
unequivocal method of diagnosing ND is 
the isolation and identification of the caus- 
ative agent. Serologic and pathologic ex- 
aminations may suffice to confirm suggestive 
histories and signs in areas where ND is 
enrootic, but new foci or extensions of the 
disease usually require recovery and idea- 
tification ol the virus. Likewtse ND m- 
lection of avian and mammalian hosts, m- 
eluding man, may induce typical or previ- 
ouslY unidentified signs and ymptoms. 
Sims or serologic evidence may be lading 
ei^rely (Quinn et al., 1952), or the serolog- 
5r findinES, as after mumps in man where 
Se fot m’may neutralire ^ vi™ , 
be misleading (Kilbam , 1 a!.. 1949, Ivans, 
1955 - Bang and Foard, 1956). 

Suecimem lor attempting isolation „[ ,fie 
virns should be selected from ase, i„ 
focubalive and early clinidl stage, „t 
Hkease (Brandly el al, 1946b). Younger in- 
dividuals are more likely to yield virus 
?Rriidlv et al. 1946b; Beaudette « 

1948 1949a), and one should utilize suit- 
able specimens of tissues most idejy 

Se a high viral conmm, e^ 
lunss. respiratory more 

«a"LBenic and invasive strain, 

^dely distributed and present ^ 
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concentration in the various tissues and 
organs (Ho/stad. 195J; Karzon and Bang, 
1931: Sinha et al., 1952: Uaska^a et al., 
1932: Report of the Poultry Disease Sub- 
committee, 1963). The rapid disappear- 
ance from, or masking of the virus in the 
tissues of the host usually follows or coin- 
cides with the dcsclopment of demonstra- 
ble circulating antibodies and detectable 
immunity to SD (flrandiy al., 19}6b; 
Ilofsud, 1951: Report of the Poultry Dis- 
ease Subcommittee, 19C3). Yet the virus 
may l>c isolated from the brain and excreta 
sshen circulating antibodies are present 
(Walker and McKcrchcr, 1954). 

Interference phenomena, c.g., of NDV 
by bronclsitis virus after simultaneous cx- 
(Kssurc, may lead to erroneous results (f fan- 
son et al., 195C). Tlic recovery of NDV 
from the urine of an occupationally ac- 
quired human case emphasizes iu wide dis- 
tribution in the body and excretions and 
the necessity for adequate sampling in the 
searcli for it (Quinn el al., 1952). 

Tlie ensbryonating cliickcn egg is, (or 
obvious reasons, preferred to the chicken 
or other animal fur isolation of NDV. De- 
tails of Uic procedures of isolation, as de- 
Kiibcd by various workers, point out the 
essential steps, precautions, and pitfalls 
(lUiicaii of Animal Industry. 19lCa. l9IGb: 
llrandly el al., 191Gb: Beach, 1913; Beau- 
dctie et al., 1918; Tliompson and Osteen. 
1913; Kc|>ort of the Poultry Disease Sub- 
committee, 1903). 

As a rule, ferule eggs, preferably from 
healthy nunimmunc bens, which have 
been incubated (or 9 to II days at 37^— 
are injcctcil in (he allantoic dum- 
ber with suspensions of suspected tissues, 
free of bacteria. ,\niibiotic agents, usually 
either |<nicillin or streptomycin or more 
commonly a mixture of the is«u, are added 
to the inoculum to suppress or destroy 
bacteria which may be present (Urandly et 
al . 1916b: 'ITsorapson and Osteen, 1918: 
Beaudette el al., 19IS). Tlie injected and 
suitable control eggs are returned to the 
incubator, candled once or twice daily for 
the tubsc({uent S-day }<ticxl or until death 


of all or a large part of the embryos. Em- 
bryonic deaths during the first day arc 
oinsidcrcd to be due to trauma or non- 
specific causes. Examination of embryos 
dying subsequently may reveal some or all 
of the changes described under “Lesions,” 
although congestive or hemorrhagic chang- 
es may be poorly defined or absent during 
initial or early egg passages of NDV. Clear, 
6acfcm-free, allantoic {lulds may then be 
tested for agglutinative activity for chicken 
erythrocytes and, if positive, it should be 
determined whether the phenomenon is in- 
hibited by known ND immune serum. 
Identification of NDV may be accomplish- 
ed, also, or confirmed by means of specific 
virus neuiraliiatiotv trials of the suspect- 
ed <^g fluids, or more directly, of the 
tissue suspensions, by employing mixtures 
of the ND immune serum and the un- 
known tissue for inoculating the embryo- 
naiing egg as the test organism. 

The use of susceptible chickens for iso- 
lation and identification of NDV may be 
expedient and desirable under certain 
circumstances where adequate isolation can 
be maintained. Much larger inocula may 
be employed than with eggs and possible 
difliculty in adaptation of the virus to the 
latter avoided (Beach, 1912: Brandly et ai, 
l9lGb: Geurden el al., 1950; Report of Uic 
Poultry Disease Subcommittee, 19G3). 

Interest in and recent progress with cul- 
ture of NDV and other viruses in diflercnt 
types of tissue culturcsof various cells, eg., 
chicken embryo and adult cells, monkey 
kidney. Ehrlidi ascites tumor, HcLa, and 
others suggest their further use for diagnos- 
tic isolation and diflcrcntiation (Topacio, 
1951: Bankowski and Boynton, 1918; Perei- 
ra and Compels. 1954; Seiflert, 1955; Oran- 
ock, 1955; Scott et a!., 1953: Flanagan el al., 
1955; Levine and Sagik, 1950; Bankowski, 
1957; Bankowski el al., 1959; Colclwasser 
and Kohn, 1937; Rubin et at., 1957: and 
Olliers). Epithelial cells of cliickens, vsheih- 
cror not in tissue culture, may show nor- 
mal as well as abnormal microvilli, the lat- 
Icr alter infection, and from which virus 
it eliminated (Bang, 1952). Particles small- 
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stable, nonspecific inhibitors (Karion, 1956) 
must be recognized and guarded against. 
Aliquots of suspected tissues, triturated, H 
necessary, and processed for inoculation, 
are admixed with suitable quantities of 
antibiotic preparations, of ND immune 
scrum and of normal serum, respectively. 
The suspected tissues alone may be inocu- 
lated also in an effort to detect bacterial 
or otlier pathogens, or contamination 
which was suppressed by the antibiotic sub- 
stances. 

Hemagglutination (HA) and Hemaggluti- 
nation-inhibition (HI) Tests 

The finding by Burnet (1942) and Lush 
(1013) that NDV, like influenza, aggluti- 
nated the red blood cells of chicks and 
that such hemagglutination was specifical- 
ly inhibited or neutralized by ND immune 
serum provided a simple and useful diag- 
nostic method. The test for HA may serve 
as a rapid method for detecting NDV in 
the fluids or extracts of infected tissues of 
fowl as well as in the Quids of infected eggs 
(hfcClurkin et al. 1954). Momi (1952), 
Milschcrlich and CUriUrk (1932), Clark et 
al. (1955, 1937), Gardner et al. (1954), and 
Gcurden and Devos (1955) demonstrated 
HI activity in the sera of ND infected 
chickens by adding NDV-treated chicken 
cr)tliroc)tc$ as a means of early and rapid 
diagnosis. The latter slate that the serum- 
sensitized cr)throc)tes may be lyophilizcd 
and stored indefinitely for use. Hanson et 
al. (1917) showed that minimal NDV titers, 
at least of I0^ arc required if the infected 
allantoic or amniotic fluids are to induce 
hemagglutination. Bronchitis and laryn- 
gotracheitfs viruses, while infective for the 
chicken embryo, do not cause hemagglu- 
tination, thus providing a means of differ- 
entiation from the HA-positive NDV 
(Brandly et al., 1916b). 

As with the test (or neutralization of 
NDV infectivity by specific immune serum, 
llic test for inhibition or neutralization of 
the bcmagglutinative activity of ilie virus 
(Hi) gives quantitative as well as qualita- 
tive information. In the alpha procedure. 


the virus suspension in serial twofold dilu- 
tions beginning with 1:5 is mixed with 
equal volumes of the serum under test and 
a 0.5 per cent suspension of chicken red 
cells. In the beta procedure, the serum is 
serially diluted and admixed with the red 
cell suspension and a constant quantity, e.g., 
10 HA units of the virus (Brandly et al., 
1947). The test, with adequate control 
tubes, is incubated at room temperature 
for SO minutes and the results read on the 
basis of the degree or titer of HI. Typical, 
complete HA (-b -}- -1- -f) is represented by 
a continuous layer of cells covering the en- 
tire rounded bottom of the tube; a thicker 
layer, irregular in outline, covering a por- 
tion of the bottom is a partial or + + + 
reaction; a small central disc with a nar- 
row granular fringe of agglutinated cells, a 
-b -b reaction; and a larger button, or disc, 
of cells with a narrow ring of agglutinated 
cells is classed as a -b reaction. Complete 
inhibition of the HA reaction, like the 
normal unimpaired settling of cells as in 
the control tubes, leaves a central compact 
button with regular edges. The highest 
dilution of virus giving a -b + or higher 
reaction represents the titer of the virus, 
and the quantity of virus involved is con- 
sidered a unit. Elution of virus from the 
cells and their subsequent release from the 
agglutinated layer causes a cascading or 
sliding of the cells to the bottom of tube 
and the formation of a disc, or button, as 
occurs when erythrocytes sediment nor- 
mally, Rapid serum and whole blood HI 
tests have been devised and used with satis- 
factory results (Luginbuhl and Jungherr, 
1949: Zargar and Pomeroy. 1949; Walker, 
1952; and others). 

The variables, both quantitative and 
qualitative, inherent to the HI test prompt- 
^ efforts toward standardization (Report 
of Poultry Disease Subcommittee, 1963). 

Tl»c HI test, although somewhat simpler 
and less protracted than the VN lest, is 
usually considered less reliable than the 
latter. Neither the antibody nor the 
mechanism of reaction is the same in the 
HI and test as indicated by Uie sub- 
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stable, nonspecific inhibitors (Karzon, 1956) 
must be recognized and guarded against. 
Aliquots of suspected tissues, triturated, if 
necessary, and processed for inoculation, 
are admixed tvith suitable quantities of 
antibiotic preparations, of ND immune 
serum and of normal serum, respectively. 
The suspected tissues alone may be inocu- 
lated also in an effort to detect bacterial 
or other pathogens, or contamination 
svfiich was suppressed by the antibiotic sub- 
stances. 

Hemagglutination (HA) and Hemaggluti- 
nation-inhibition (HI) Tests 
The finding by Burnet (1942) and Lush 
(1913) that NDV, like influenza, a^luti- 
nated the red blood cells of chicks and 
that such hemagglutination was specifical- 
ly inhibited or neutralized by ND immune 
serum provided a simple and useful diag- 
nostic method. The test for HA may serve 
as a rapid method for detecting NDV in 
the fluids or extracts of infected tissues of 
fowl as well as in the fluids of infected eggs 
(McClurkin et al., 1954). Monti (1952), 
Mitschcrlich and Gurtiirk (1952), Clark el 
al. (1955, 1957), Gardner et al. (1954), and 
Geurden and Devos (1955) demonstrated 
HI activity in the sera of ND infected 
chickens by adding NDV-treated chicken 
etythrocytes as a means of early and rapid 
diagnosis. The latter state that the serum- 
sensitized erythrocytes may be lyophilized 
and stored indefinitely for use. Hanson et 
al. (1947) showed that minimal NDV titers, 
at least of 10*, are required if the infected 
allantoic or amniotic fluids are to induce 
hemagglutination. Bronchitis and iaryn- 
gotrachcitis viruses, while infective for the 
chicken embiyo, do not cause hemagglu- 
tination, thus providing a means of diSer- 
entiation from Uie HA-positive NDV 
(Drandiy et al., 1946b). 

As with the test for neutralization of 
NDV infectivity by specific immune serum, 
the lest for inhibition or neutralization of 
the hemagglutinative activity of the virus 
(HI) gives quantitative as well as qualita- 
tive information. In the alpha procedure. 


the virus suspension in serial twofold dilu- 
tions beginning with 1:5 is mixed with 
equal volumes of the serum under test and 
a 03 per cent suspension of chicken red 
cells. In the beta procedure, the serum is 
serially diluted and admixed with the red 
cell suspension and a constant quantity, e g., 
10 HA units of the vims (Brandly et al, 
1947). The test, with adequate control 
tubes, is incubated at room temperature 
for 30 minutes and the results read on the 
basis of the degree or titer of HI. Typical, 
complete HA (H- 4- -}- -h) is represented by 
a continuous layer of cells covering the en- 
tire rounded bottom of the tube; a thicker 
layer, irregular in outline, covering a por- 
tion of the bottom is a partial or -f + + 
reaction: a small central disc with a nar- 
row granular fringe of agglutinated cells, a 
+ + reaction; and a larger button, or disc, 
of cells with a narrow ring of agglutinated 
cells is classed as a -f reaction. Complete 
inhibition of the HA reaction, like the 
normal unimpaired settling of cells as in 
the control tubes, leaves a central compact 
button with regular edges. The highest 
dilution of virus giving a -f -I- or higher 
reaction represents the titer of the virus, 
and the quantity of virus involved is con- 
sidered a unit. Elution of virus from the 
cells and their subsequent release from the 
agglutinated layer causes a cascading or 
sliding of the cells to the bottom of tube 
and the formation of a disc, or button, as 
occurs when erythrocytes sediment nor- 
mally. Rapid serum and whole blood HI 
tests have been devised and used with satis- 
factory results (Luginbuhl and Jungherr, 
1949; Zargar and Pomeroy, 1949; Walker, 
1952; and others). 

The variables, both quantitative and 
qualitative, inherent to the HI test prompt- 
ed elforts toward standardization (Report 
of Poultry Disease Subcommittee, 1963). 

The HI test, although somewhat simpler 
and less protracted than the VN test, is 
usually considered less reliable than the 
latter. Neither the antibody nor the 
mechanism of reaction is the same in the 
HI and VN test as indicated by the sub- 
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stantially longer persistence ol P™; 
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PREVENTION AND CONTROL 

The simplest and most 

m Tevent fonOTt o” thrvirus with 

•“V“Tr«S 

S protectiOT apmst infection m 

'Tie,!; Snom cal procedure is to at- 
Jemp SafLn. of th? animal after it is 
* ^ A «r has become affected. 

combination of sanitary management, 
to^e^re or prevent exposure, and of vac 
cination is olten required to combM high- 
lY contagious diseases, such as ND. that 
hVc become widely established m a com- 
munity. region, or country. However, both 
measures must be systematically carried out 
on an area, regional, state, or larger asis 
if control is to be reasonably and perma- 
nently effective. A minimum of 70 per cent 
of the flocks in an area must be included 
at the outset in the rigid sanitary program, 
combined with a satisfactory twice-a-year, 
or oftener, vaccination program. 

Restriction of exposure to and spread oi 
ND generally increases in proportion to 
expansion of the size of the flock, the rear- 
ing and maintaining birds of different ages 
on the premises, and the proximity of the 
housing units. 

General compliance with a rigid sanit^iy 
program prevents ND where the pouhj 
TOpuladon is relatively small and 
some distance apart- Vaccination may 
required as a supporting measure to sa" 
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tion in less concentrated production, areas, 
and i£ so, it should be employed as a means 
toward eradication ol ND. 

Such a goal was projected (Report of the 
Subcomm. on Plans for Eradication of New- 
castle Disease, 1959) but not implemented 
in the United States where the disease is 
endemic yet infrequently clinically acute 
or peracute. A regional program to elim- 
inate NDV has been implemented in Maine 
(Chute and O'Meara, 1963). Continuous 
application of the slaughter policy against 
ND in Great Britain in the face of reintro- 
duction of infection and the prevalence of 
mild or subclinical infection has fallen 
short of success while imposing serious 
financial burdens on breeding and research 
stock perpetuation (Report of the Commit- 
tee on Fowl Pest Policy, 1962). Vaccination 
with inactivated vaccines or with living 
lentogenic strains of low or limited diSusi- 
bility must be considered essential com- 
ponents of eradication programs especially 
where ND is widespread in an area or 
country (Osteen et a!,, 1961; Levine, 1962). 

If it is not used properly and wisely, vac- 
cination will engender among poultrymen 
an entirely disproportionate or false sense 
of security while constituting an appreci- 
able year-afeer-year expense. 

Natural selection toward development 
of greater genetic resistance is a conse- 
quence when ND becomes enzootic in a 
poultry population (Knox, 1950; Francis 
and Kish, 1955; Placid! and Santued, 1956; 
Takamatsu el al.. 1956; Cole and Hutt, 
1961; and others). The practicality of in- 
tentional exposure to ND as the basis of a 
breeding program toward controlling ND 
has not been demonstrated. EnyimnjjMw- 
tal factors, especially higher temperatures, 
may greatly alter the severity of ND among 
a given stock (Francis and Kish, 1955; Sin- 
ha et al., 1957; and others). 

The statistically significant differences in 
resistance to ND among six families as well 
as two strains of ^Vhite Leghorn chickens 
svhich support early observations of such 
variability base been reported by Cole and 
Hutt (1961). Mortality among 7,000 pullets 


followii^ Roakin strain wing web vacci- 
oation in successive years was 3.2 and 7.2 
per cent in strain K as compared to 0.7 and 
0.8 per cent among strain C birds. 

Finally, eradication of ND must be a 
constant goal. Restriction of movement 
of poultry, day-old chicks, and hatching 
eggs together with slaughter of infected 
birds and contacts, as have been practiced 
in Britain (1936 Fowl Pest Order), have 
been relied upon to achieve complete erad- 
ication (Reid, 1955). The occurrence of 
mild, largely subclinical forms of the mal- 
ady, however, complicates the problem of 
its eventual total suppression. 

Prevention by Sanitary Management 

Basic specific precautions to exclude ND 
infection from the poultry operation and 
to prevent its spread include: For the 
hat^ery— its strict isolation from broiler, 
dressing, or other poultry operations or 
plants; complete separation of buildings 
for brooding “started” chicks; separate 
labor for work outside of the hatchery; a 
policy of selling only day-old chicks; week- 
ly inspection and production records on 
the supply flocks in order to pennit exclu- 
sion of those showing a significant drop in 
egg production; exclusion of return of 
used chick boxes and feed sacks; proper 
disposal of hatchery wastes; and exclusion 
of visitors and nonessential personnel from 
the hatching and brooding areas. For the 
farm flock— exclusion of visitors, both bird 
and mammal; proper precautions in 
changing clothing and disinfecting foot- 
wear of the flock owner or caretaker after 
visiting possible sources of contamination; 
iatisticig oa prsctcce cf pnrpev ciVwAsf/- 
changing and disinfection precautions for 
blood-testing crews or other essential serv- 
ice personnel; buying replacement stock as 
day-old chicks from reliable hatcheries, 
prrferably local, to minimize the chances of 
disease exposure during transit by means 
other than the personal vehicle of the buy- 
er; rearing of the replacement flock on 
clean premises entirely apart from the 
adult flock, or of prior disposition of the 
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previous year’s flock to maintain an all- 
pullet flock; preventing the return or in* 
tToduction of used poultry crates, feed 
sacks, or other equipment, materials, or 
vehicles; proper manure disposal; proper 
disposition of dead birds by burning or 
deep burial; replacement of contaminated 
or unfit deep litter; and annual, or oftener, 
routine complete cleaning and disinfecting 
of the laying and brooder houses and 
range shelters. For the broiler plant- 
observation of the strict sanitary precau- 
tions already defined and the exclusion of 
birds from outside sources for slaughter or 
evisceration. For the produce plant— 
jruardiqg gainst the ^ourchase of ^noult^ 
in the active stages of ND and thus the 
gross contamination of crates, vehicles, etc., 
which may carry the infection to birds in 
feeding stations, on farms, in hatcheries, 
and in broiler plants; frequent periodic 
cleaning and disinfection of facilities, 
equipment, and materials; and proper dis- 
posal of oSal and wastes. For the feed 
dealer and processor— avoiding re-use of 
feed sacks unless properly cleaned and 
sterilized: practicing and encouraging 
proper measures to avoid spreading infec- 
tion to and from farms. For the local vet. 
erinarian— disseminating knowledge on 
basic sanitation and advising the poultry- 
men on general and specific disease preven- 
tion problems; reaching an early diagnosis 
with prompt laboratory assistance and, if 
necessary, instituting a proper vaccination 
service and control program under the 
various circumstances encountered (Pome- 
roy and Brandly, 1955). 

Experience with the extensive applica- 
tion of triethylene glycol aerosol as a means 
of controlling spread of ND in a large 
broiler plant led Ellis ei al. (1952) to the 
conclusion that while the aerosol appeared 
to reduce the incidence of ND, as estimat- 
ed by development of HI titers, it did not 
prevent the spread of benign ND infection 
or have a significant effect upon the weight 
of birds at slaughter. The hazards and 
means of sanitizing used burlap feed bags 


amtarainated with NDV and other agents 
have been clarified by Jungherr (1950). 

Prevention by Vaccinotion 

^ with many viral diseases, experience 
with ND has stimulated efforts to minimize 
the shortcomings of both the killed or in- 
activated vaccines and the living, usually 
attenuated, vaccines (Beaudette, 1943, 1949, 
1950, 1951; Beach, 1942, 1947; Traub, 
1943^4; Brandly et at., 1946c; Hanson et 
al., 1951; Osteen ct al., 1961; Jungherr and 
Markham, 1962; Lancaster, 1964; and 
others). 

TTie necessity of more critical and satis- 
/xr/dvj' fer ?'fl> 

cines has prompted research and organi- 
zation toward establishment of adequate 
criteria by various groups and agencies, 
especially in the U.S.A. (Technical Coro- 
miitee on Newcastle Disease of the North 
Central Region, Report of the Subcommit- 
tee on Vaccine Evaluation, 1951; Inter- 
regional Subcommittee on Vaccine Evalu- 
ation of the Advisory Committee on ND 
and Other Respiratory Diseases of Poultry 
—Johnson tt al., 1954; Report Poultry Dis- 
ease Subcommittee. 1959 and 1965). Major 
objectives have been provision of vaccine 
strains of maximal antigenicity and poten- 
cy of suitably pathogenic challenge strains 
for assessment of immunity to various 
routes of exposure as svell as of proper 
criteria for lest birds and time of challenge 
foiT immunity after vaccination. 

Tests applicable to identification and 
safety of vaccine strains of ND have been 
devised (Hanson and Brandly, 1955; Han- 
son, 1956; Lancaster, 1964). The need for 
rigid requirements of ND vaccine purity, 
Especially with living virus vaccines, is 
Emphasized by the deraonstration of NDV 
in some lots of commercial pox and laryn- 
^tracheitis vaccines (Zargar and Pomeroy, 
1950; Hofstad, 1948; and others) and of 
Uie possibility of vaccine contamination 
With lymphomatosis via the eggs of carrier 
Hens used for ND vaccine production (Bur- 
blester et al., 1956). 

Both types of Newcastle disease vaccines. 
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the inactivated virus and living vims, are 
now in general use. II properly prepared. 
handled, and administered, they may be 
expected to stimulate a substantial degree 
o£ immunity in a large proportion of 
healthy vaccinated fowl. However, even 
the more pathogenic living NDV vaccines 
fail to engender permanent or life-long pro- 
tection in healthy, iromunologically ma- 
ture chickens against clinical or subclinical 
infection. At hatching, immunologic ca- 
pacity is weak but strengthens substantially 
so as to equal that of the mature bird at 
about 6 weeks of age (Wolfe and Dilks, 
1948). However, vaccination at an early 
age is frequently necessary where ND is 
enzootic (Ellis and Crook, 1952). Present 
knowledge regarding preparation, use, 
merits, and limitations of the uvo types 
may be summarized as follows; 

Inactivated, or killed, Newcastle disease 
vims vaccines are prepared by growing 
suitably antigenic strains of virus in em- 
br)onating eggs, harvesting the dead or 
d)ing embryos and tissues, and inactivating 
the virus, usually by chemical ageno, e.g.. 
formaldehyde, cr>sta] violet, beta-proprio- 
lactone. Growth of virus in tissue cultures 
for vaccine production is also being prac- 
ticed. Adjuvants such as alumina gel are 
added to inaease and prolong the immu- 
nizing effect. The vaccines must be tested 
for safety and potency and be given a “use 
expiration” date before release. 

Each dose of the vaccine contains a rel- 
atively large quantity of killed virus, the 
normal reaction to vvhidi governs directly 
the degree and duration ol the immunity 
which the bird can develop. 

Inactivated Newcastle disease vaccine 
affords some protection by a blocking, or 
"interference,” effect within several days 
to a week after injection. Specific immu- 
nity against Newcastle disease develops 
within a week after vaccination; it is well 
advanced after two weeks in healthy birds 
10 days of age or older when vaccinated. 
All individuals in a flock may not develop 
a substantial immunity and the immunity 
may vvanc considerably 2 to 6 months after 


vacdnaiion. The degree to which protec- 
tion is enhanced by revaccination depends 
upon the residual immunity, either active 
or passive, which is present at the time of 
revaccination. Critical work (Hofstad, 
1953, 1954, 1955) has demonstrated that a 
minimal period of 9 weeks is required' be- 
tween initial vaccination ' and revaccina- 
lion with killed vaccine if a maximal de- 
gree and duration of immunity to the 
“booster" dose is to be stimulated. Satis- 
factory reinforcement of immunity with 
living virus vaccine has been reported with 
intervals as short as 1 to 3 weeks (Geurden 
el al., 1950; Zuijdam, 1953; Lancaster, 
19G4). 

The tiler and persistence of immunity 
evoked by inactivated vaccines is usually 
less than that by the living vaccines, yet 
only the former may be relied upon to 
prevent undesirable effects of vaccination 
in laying flocks, in stock suffering from 
other diseases or devitalizing factors, and 
in baby chicks (Brandly, 1953; 'Van Roekel, 
1955; Lancaster, 1964; Bankowski and Hill, 
1954; Bankowski, 1961b; Gross, 1961; and 
others). 

Living Newcastle disease virus vaccines. 
These are usually prepared by growing, in 
embryonaiing eggs, modified, or "weak- 
ened," strains of Newcastle disease virus 
(Komarov and Goldsmit, 1946; Brandly el 
al., I91Gc: Van Roekel et al.. 1948; Beau- 
dette et al., 1949b; Clancy et al., 1949; 
Hitchner el al., 1950; Lancaster, 1964). 
Virus tissue cultures have also served as a 
source of ND vaccine (Bankowski and 
Boynton, 1948; Bankowski. 1950). Cultures 
ol mammalian cells as a substitute for 
those of chicken origin are suggested in 
order to avoid contamination with chicken 
latent or orphan agents (Bankowski, 1957). 
Great care is required to keep the vaccine 
virus strain at a satisfactory stage of modifi- 
cation and to avoid contamination with 
other viruses and with bacteria. Usually 
the infected embryo material is dried to 
powder from the frozen stale. Further re- 
frigeration before it is used In reconstituted 
liquid or in dust form and proper care dur- 
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ing its use are required to keep the vaccine 
virus alive and capable of producing satis- 
factory results. 

The living Newcastle disease vacdnes 
now available from commercial sources arc 
administered by different routes, including 
the “stick” or sving web puncture, intra- 
muscular injection, “drop” intranasal or 
conjunctival sac installation, and by spray- 
ing or nebulizing as well as dusting for in- 
halation. Mechanical spraying of liquid 
vaccine and dispersion of micronized dry 
virus vaccine, as well as adding the virus to 
the drinking water, were designed to per- 
mit vaccination exposure and infection of 
entire lots or flocks, i.e., mass vaccination, 
thus saving the time and labor required 
for individual administration of the vac- 
cine. The trend toward the mass method 
of vaccination, i.e., aerosol, dust or drink- 
ing water administration is indicated by the 
fact that about 91 per cent of the Newcastle 
disease either alone or combined with 
bronchitis vaccine produced in licensed 
establishments during the year ending 
June SO, 1964, was of this type (Agricul- 
tural Research Service, 1954). The saving 
oE time, labor, and vaccine cost by mass 
vaccination is not without sacrifice in uni- 
form and often stronger immunity result- 
ing from vaccination of each bird of the 
flock (Lancaster, 1964). 

Obvious disadvantages are lack of uni- 
formity in dosage and particle size, particu- 
larly with very young and devitalized birds 
(underexposure and overexposure); great 
variation in environment (variable humid- 
ity and temperatures, foreign substances as 
well as viricidal factors in air and water); 
and likely exposure of persons and dissemi- 
nation via air to other fowl and mammals 
(Bankowski and Hill, 1954; Markham et 
al., 1955, 1957; Van Waveren and Zuijdam, 
1955; Johnson and Gross, 1952; Hitchner 
and Reising, 1953; Ceccarelli, 1954; Win- 
terfield and Seadale, 1956; Larose and Van 
Roekel, J959; Dartlfri ei al., 1962; Lan- 
caster. 1964). 

The NDV strains employed in living vac- 
cines are of reduced or modified patho- 


genicity. The least pathogenic (lencogenic) 
strains, e.g., Bj, La Sota, and F strains, are 
examples of those employed in birds of all 
ages for intranasal or intraocular instil- 
lation, admixture with the drinking water 
or dusting and spraying (Hanson and 
Brandly, 1955). The moderately patho- 
genic (mesogenic) strains, e.g., Roakin, MK 
107 (L), Mukteswar, H (Hertfordshire), 
Haifa (Komarov), have been commonly 
used for wing web (intradermal) or intra- 
muscular, or occasionally via feather fol- 
licle, vaccination of stock older than 4 
weeks of nonlaying birds, and other dis- 
ease-free, vigorous stock (Hanson and 
Brandly, 1955). 

The quantity of virus introduced as liv- 
ing vaccine is so small that unless infection 
is established and multiplication ensues to 
a moderate degree, enough virus is not 
present to stimulate a satisfactory degree of 
immunity. The specific immunity en- 
gendered by living vaccine infection should 
appear within 5 to 7 days after vaccination 
and should be of substantial degree after 
the second week. The duration of im- 
munity from living vaccine may vary 
greatly irom flock to flock and among indi- 
viduals. It may wane appreciably within 
2 months, and proper revaccination is usu- 
ally rftxjmraended within 2 months to a 
year (Doll ei al., 1950c; Lancaster, 1964). 
However, revaccination of laying hens with 
mesogenic Roakin virus, within 1 to 2 weeks 
after initial vaccination with a killed vac- 
cine, has been recommended (Zuijdam, 
1953), and with the mesogenic Hertford- 
shire strain after 2 to 3 weeks (Geurden et 
at., 1950). One cannot, however, overlook 
the evidence that residual antibody, pas- 
sively acquired (Brandly et ol., 194Gd) or 
resulting from vaccine or from natural in- 
fection, may impair the response to vacci- 
nation and revaccination even though less 
by respiratory than hypodermic or skin 
puncture introduction (Levine and Fabri- 
cant. I950.- J>o2i ei el. 1950b, J95I: Mark- 
ham et al., 1954; tVinterfield and Seadale. 
1957a; Bankowski et al, J958; Keeble et 
al.. 1963; Lancaster et al. 1960). Neverthe- 
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less, protective antibody concentration fol- 
lowing vaccination or infection diminishcj 
or is first lost by the epithelial lining of the 
respiratory tract and, hence, permits a 
"take” to inhalation revaccination earlier 
and more readily than by the deeper tis- 
sues which are in contact tvith higher anti- 
body concentrations of the serum and 
tissue fluids. The dimensions of revacci- 
nation infection, reaction, and immunity 
"booster" eflect are, therefore, directly de- 
pendent on the degree of antibody titer 
and tissue refraciivity of the individual 
bird with proportional limitation of the 
degree and extent of the reinfection. Im- 
munity of the respitatoi 7 epithelium to 
challenge infection does not become abso- 
lute in spite of excess dosages and repeated 
vaccination (BankowsVi and Hill, 1954). 

Adequate and reliable information on 
the maximal and average duration of a 
serviceable immunity to ND resulting from 
a single or repeated vaccination is limited 
(Lancaster, 1964). Age and individual im- 
munologic capacity, as well as environ- 
mental and other factors aSectlng the host 
animal, all mitigate against uniformity ol 
its immunity response to vaccination, 
especially under the great variations pre- 
vailing in the field. Inapparent infection 
from repeated exposure can be ascertained 
with reasonable but not unequivocal ac- 
curacy by testing for antibody titer before, 
and at intervals after, challenge. That fail- 
ure to induce a lasting immunity is not 
characteristic of the less pathogenic strains 
of virus was illustrated with the use of a 
mesogenic Indian (Mukteswar) vaccine 
f^arnstein.er al.., 19481/. TbflUi.w/jrAerA<anr^ 
eluded in consequence of ND "breaks" fol- 
lowing vaccination that the immunity en- 
gendered by it could not be depended 
upon for longer than a year. It is, how- 
ever, necessary to differeiuiaie between 
breaks due to antigenic inadequacy of the 
vaccine and those associated with improper 
handling and use of the vaccine (Junghetr 
and Markham, 1962; and others). 

After initial live virus vaccination, the 


flock must be considered infected and ca- 
pable of spreading the virus by excreta or 
eggs for three weeks or longer (Zuijdam, 
1953); after re exposure some birds may ex- 
crete virus for periods of three weeks 
(Markham el al., 1955). Tlie possibilities 
that the vaccine virus may regain full activ- 
ity and destructiveness are not great but 
cannot be entirely overlooked. ND vaccine 
virus used among six- to cighi-week-old 
turkeys, without adverse effect, did spread 
and caused marked involvement as well as 
moderate mortality among two- to ihrce- 
weck-old poults on the same farm (Brandly 
et al., 1949). 

Simultaneous vaccination against New- 
castle disease and bronchitis or Newcastle 
disease and fowl pox has been further ex- 
ploited toward saving labor and handling 
of birds. However, pox vaccination, either 
with chicken or pigeon source virus, re- 
quires manipulating the individual birds. 
Although a mixture of pigeon pox and ND 
viruses has been applied by the feather fol- 
licle method (Riditer, 1956), an indi- 
vidual or mass method of ND vaccination 
may be applied immediately afterward to 
the birds comprising ilie group or flock. 

The saving in time and expense of 
simultaneous vaccination invites the risk 
of intcrlerence with development of maxi- 
mal immunity against one of the diseases 
(Hanson et al., 1956) or of exalting one of 
the agents (Hanson, 1957; and others). 
Also, there are various reports of the acti- 
vation or aggravation of latent infections or 
parasitic effects and other devitalizing in- 
fluences (Markham et al., 1957; Placidi. 

It may not be expected that one kind or 
type of vaccine applied by a certain route 
or method will be adequate and satisfac- 
tory for all ages of birds and for various 
needs and circumstances. Factual, un- 
biased information free of commercial ex- 
pediency together svith judicious profes- 
sional guidance are essential in the inter- 
esu of the entire poultry industry. 

Obviously the indiscriminate, careless. 
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ind improper use of vaccines will result in 
lifficulty, confusion, and loss. Only when 
vaccination is practiced as an adjunct to a 
ong-range sanitation and regulatory pro- 


gram, with eventual eradication of NO as 
the goal, can the control program progress 
effectively (Reid, 1955). 
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Ornithosis 


In his thesis written in 1895, “De la pslt* 
tacose ou infection sp^ciale d^cermin^e par 
des perruches/' Antonin Morange intro* 
duced the term "psittacosis" for a clinically 
defined disease of man arising from associ* 
ation with parrots, and, because of its ap- 
propriateness to whit s*'as then known of 
the infection, this term found wide usage. 
Much later, as it was learned that a great 
variety of birds, including poultry, can be 
affected, the more descriptive, more general 
term “ornithosis” was introduced (Meyer. 
1942). Psittacosis is the term used for a 
generalized infection man contracis from 
birds and for the infections caused by the 
same agent in psittacine birds. Ornithosis, 
regarded as an equivalent term in the sixth 
revision of the International List of Dis- 
eases and Causes of Death and as a syno- 
nym in the eighth edition of Control of 
Communicable Diseases of Man (Official 
Report Am. Pub. Health Assn., 1955), is re- 
setved for the infection in extrapsittacine 
birds. The known history of the infection 


clarifies how the term psittacosis estab- 
lished itself. The imprint of the pandemic 
of the early 1950's, before the advent of the 
amimiaobial drugs, has not faded. But 
preoccupation with the psittacine aspects 
too long limited the pursuit of the infective 
agent, not only in wild and domesticated 
birds, but also in mammals, where its 
parasitism is being increasingly recognized. 

Acute ornithosis is at times a severe dis- 
ease of pigeons, ducks, and turkeys. This 
true zoo-anthroponosis has been the source 
of single or extensive group infections 
throughout all occupational groups that 
come into contact with infected fowl. The 
host range is wide and cosmopolitan, and 
the steadily increasing number and kinds 
of avian hosts have altered the concepts on 
the infection chains. The importance of 
sources of human psittacosis other than 
cage pets became more apparent than ever 
during the 1950’s. At the same time, 
grou'th of the pet bird trade after W'orld 
War II increased the incidence of human 
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psittacosis from that source. As an 
occupational disease among pigeon breed- 
ers, poultry farmers, and poultry processing 
plant employees, it has created new prob- 
lems. Fortunately the mortality rate has 
been lowered by use of the wide-spectram 
antimicrobial drugs. 

HISTORY 

The little-known history of ornithosis in 
poultry has been recorded only since 1930, 
and the few existing fragments described, 
mainly by workers interested not in poultry 
but in the organism or the infection in 
man, must be pieced together. The result 
cannot be considered a true picture of the 
progress of the disease in either poultry or 
man. 

By the time of tire 1929 and 1930 epi- 
demics of psittacosis due to contact with 
cage birds, methods of studying micro- 
organisms had been improved, and as ex- 
perimental hosts were sought and means of 
transmission and sources of infection were 
studied, some investigators (Bedson and 
Western, 1930; Dahraen and Hamet, 1930; 
Krumwiede et al. 1930; Levinihal, 1930; 
Meyer, 1935) used chickens in their experi- 
mental work on the psittacosis agent In 
one experiment, Bedson and Western 
(1930) attempted infection of pigeons but 
failed. 

That pigeons are infectable was first 
learned through a natural infection in 
Johannesburg in March. 1939, when a 
pigeon fancier sent 2 birds to the Onderste- 
poort Laboratories, Department of Agri- 
culture, Union of South Africa, because he 
was losing a few birds from his flock of 200 
to 300 (Coles, 19-10). Naturally acquired 
infections were soon reported in racing 
and carrier pigeons in California, and there 
was good circumstantial evidence of 2 
human infections acquired from a side 
feral pigeon in New York City (Meyer, 
1941; Meyer et al, I942a). The bulk of 
subsequent reports on human psittacosis 
arising from contact with pigeons has been 
concerned with racing and fancy pigeons 
rather than poultry pigeons, but there is 
serolc^ic evidence that squab raisers do 


contract it and that it is an infection of 
poultry pigeons in tlie United States. The 
first known infection was contracted 
through contact with racing pigeons in 
California (Meyer et al, 1942a). The iso- 
late from the lung of the patient was in- 
distinguishable from that from the organs 
of pigeons to which the victim was exposed 
for only a short time. 

Inevitably a natural infection in poultry 
was identified, in 1939, after serodiagnosh 
of psittacosis was made in a case of atypical 
pneumonia in New Jersey (Meyer and 
Eddie, 1942). The patient had tended a 
flock of 700 White Leghorn chickens and 
had dressed birds from the flock. The 
serum of 3 other members of the family 
• also reacted in the complement fixation 
test. Tlie agent was isolated from 1 of 3 
chickens tested at the Hooper Foun- 
dation— the first isolation from a naturally 
infected fowl. This may have been an in- 
stance of epizootic ornithosis, but the death 
of 5OO birds from "range paralysis" and of 
over 100 additional birds, an unusually 
high mortality for ornithosis in poultryi 
especially chickens, makes it seem probable 
that some other infection was also active in 
the flock at the time. 

Serologic evidence of naturally acquired 
ornithosis in ducks and turkeys was pro- 
vided by a survey of these fowl in Michigan 
in 1942 (Eddie and Francis, 1942). Within 
3 years human infections due to contact 
with ducks were found uin California 
(Meyer and Eddie, 1952) and in New York 
(Wolins, 1948; Korns, 1955). -The Long 
Island outbreak is interesting’ in several 
respects. It is the first poultry outbreak in 
which an extensive epidemiologic and sero- 
logic investigation was made. These re- 
vealed a higher incidence of clinical and 
subclinical infections in duck handlers, 
hence the first proof of the occupational 
importance of the disease in poultry work- 
ers. It showed that the situation with 
respect to poultry is similar in some ways 
to that of cage birds— that infection of man 
may result from only brief contact and that 
many subclinical infections take place. Iso- 
lates Irom wild birds (feral pigeons and sea 
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gulls) were also found in the course of the 
study. The agent was isolated from sick 
and well ducks, and the incidence of posi- 
tive seroreactors was high (40.2 per cent). 
The disease in the ducks was not of pri- 
mary concern here, and reports do not de- 
scribe this in any detail. There were sick 
ducks and there were concurrent Salmo- 
nella typhimurium, Pa^turella multocida, 
Pfeigerella anatipestijer, and other infec- 
tions. 

Extensive research initiated in 1952 re- 
sulted in isolation of Bedsoniae from 
patients, ducks, geese, and sea gulls, and 
learning that young ducks were a main 
source of infection in Bohemia, Moravia, 
and Silesia. The highest incidence in man 
was in the age group of 40 to 60 years. The 
infection was not always severe, but fatal 
cases and reinfections were observed 
(Strauss, 1957). Uncontrolled transfer of 
poultry between Bohemia and Slovakia or 
of ducks from Hungary to East Slovakia 
resulted in epizootics on duck farms. There 
were serious economic losses (an estimated 
mortality of 10,000 duck embryos and 
50,000 hatched ducklings), clinical psittaco- 
sis of 10 employees and serologic evidence 
of infection in 24 of 213 workers on other 
farms. Annual ornithosis epizootics liave 
become a serious health problem (Strauss 
et al., 1960). Ornithosis in ducks foUotved 
by human cases has been reported from 
Austria (FUrst et al., 1957), Poland (Parna* 
el al.. 1960) and R-oumania (Sarateanu el 
al, 1960). 

In 1958 German medical and later vet- 
erinary jsublicatiom began to call attention 
to the increasing number of ornithosis out- 
breaks in poultry processing plants and in 
breeding and fattening farms In the 
German Democratic Republic. Between 
1958 and 1960, 783 human infections were 
attributed to contact with ducks, diickens, 
geese, pigeons, or poultry in general (Ortel, 
I960, 1961, 1963). The clinical disease de- 
scribed in several excellent articles (Voight 
et al., 1962: Siegmund, 1960; Rcinwein and 
IVaUher, 1961; Kukowka, 1961c; Otto, 
1962; Gneuss and Koitzsch, 1901) can be 
conclusively diagnosed as ornithosis only 


by isolation or serologic tests. In the out- 
break in Halle, sputum and throat wash- 
ings yielded a bedsonia in 10 patients 
(Ortel, 1960). One third of 71 sick or dead 
ducks and ducklings from a breeding and 
fattening farm in northeast Germany 
harbored bedsonia (Illner, 1962b). In sero- 
logic screening of 70 flocks, 1,428 ducks 
were examined in the direct complement 
fixation test: 233 from 35 flocks were con- 
sidered positive, 5 flocks suspicious, and 30 
uninfected (Lehnert and Hille, 1960). 

The first report that ornithosis can infect 
the turkey was fairly recent (Irons et al., 
1951, 1955), and in subsequent outbreaks 
many isolates from turkeys and from 
human beings have been of unusual viru- 
lence for the indicator host, the mouse. In 
several outbreaks the mortality rate in the 
flocks has been much higher than that 
formerly noticed in poultry (Osgood et al, 
1956; Francis, 1960). On tlie other hand, 
in other flocks without unusual illness but 
with gross lesions of ornithosis, as high as 
J3.8 per cent have been condemned by in- 
spectors at the time of slaughter and have 
caused human outbreaks (Rich el al, 1962). 

An important observation was made in 
1954 in California (Meyer and Eddie, 
1950b; Meyer, 1959b; Page, 1959c. 1960); 
bedsoniae of low pathogenicity for mice 
and guinea pigs produced gross visceral 
lesions, but rarely tllness or deaths in tur- 
keys. Isolates of similar losv pathogenicity 
have been encountered in tissues of other 
flocks in California (Page, 1960), in Michi- 
gan (Meyer, 1959b), in Minnesota (Pomeroy 
et al, 1957: Graber and Pomeroy, 1958; 
Grabcr, 1959; Gale, 1960) and recently in 
Oregon on a ranch where a highly virulent 
bedsonia had caused severe ornithosis since 
1956 (Meyer and Eddie. 1962b). The first 
California observation was of particular 
interest to the epidemiologist: 88 employees 
of a poultry plant were exposed during 
processing of 2 different batches of turkeys 
at two different times: 37 to 83 per cent of 
the turkeys were seropositive. None be- 
came ill and only 3 shoived serologic evi- 
dence ol experience wills bedsonia, esen 
tliough during one processing 900 pounds 
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ot visibly diseased viscera were condemned. 

Originally it was reasoned that the low 
pathogenicity of the isolate from the epi- 
zootic was responsible for the absence of 
human infection, but the large reservoir of 
ornithosis in domestic turkeys in Wiscon- 
sin and Minnesota, proved by serologic 
tests to exceed 40 per cent of the tested 
flocks, caused clinical and subclinical 
human ornithosis of sporadic nature in 
1956 to I960 (Graber and Pomeroy, 1958; 
Graber, 1959). From 16 to 29 per cent of 
the over 200 poultry workers examined re- 
acted in the complement fixation test in 
dilutions of 1:8 and above. According to 
serologic screening surveys, bedsonta iso- 
lates of low pathogenicity for mice arc 
widely spread in the turkey population of 
the United States. Recently ornithosis in 
one turkey has been reported from Great 
Britain (Grattan, 1963). They are quite 
similar to the isolates from pigeons, ducks, 
and even some psittacine birds. How and 
why they become highly toxic and patho- 
genic for mammals including man cannot 
be answered because the history of ornitho- 
sis as a disease of poultry is largely un- 
known, 

Major changes in poultry-raising prac- 
tices in this country could change Uie im- 
portance of infectious diseases of poultry 
in general. Individual owners of small 
flocks have probably accepted minor losses, 
some in all probability due to mild epi- 
zootics of ornithosis, but when poultry 
birds are raised in large groups, under 
some circumstances affording much better 
opportunities for intraflock spread, the eco- 
nomics of the infection also changes. The 
new outbreaks in the costly turkey, with a 
mortality rate that can no longer be 
ignored, a higher concentration of the cost 
of the infection to a single flock owner, and 
the occurrence of clinical infections in 
heavily exposed processing plant workers 
warn that the position of this infection may 
be undergoing a change. Recently the tur- 
key in the United States and the duck in 
eastern Europe have come into as much 
prominence as a source of infection in man 
as cage pets had in former years. 


Infections have been found in domestic 
pheasants (Ward and Birge, 1952; Meyer 
and Eddie, 1956b) and geese (Strauss, 1956; 
Furst ci al., 1957), but not yet in the guinea 
fowl. Among wild birds used for food, the 
fulmar (llaagcn and Maucr, 1938) and the 
muttonbird (.Mykytow 7 C 2 et al., 1955) bear 
mention. There are no known instances of 
transmission of tlic virus through ingestion 
of poultry. 

There have been single cases and out- 
breaks in human beings (5,390 cases, 
89 deatlu) due to poultry and other food 
birds (Table 23.1). There are several 
ports in whidi ornithosis is considered pri- 
marily as a poultry disease, in pigeons 
(Hughes. 1947) and in turkeys (Pate et ai, 
1954; Davis. 1955; Davis and Dclaplane. 
1955: Davis el at., 1957a, b; Pomeroy et al. 
1957). but its history as a disease of poultry 
is largely unknown. 

Occasionally an astute physician en- 
counters a case of pneumonia in whicli the 
clinical picture deviates enough from the 
pneumococcal pneumonias to arouse W* 
suspicions so that he must look for the 
cause elsewhere. The patient’s history 
leads to poultry. In most cases the patient 
recovers and no furiJier inquiry is made. 
Under exceptional circumstances the 
matter has been pursued further, and some- 
thing is learned about the infection in the 
responsible flock, but mainly in relation to 
die human infection, not as a subject in 
itself. Almost never is the epidemiologic 
investigation carried beyond identification 
of the source of a human infection. Some 
groups particularly interested in ornithosis 
have made small surveys in a limited area 
usually in only one season when there have 
been human Infections, and they have 
found the bedsonia or serologic evidence in 
poultry flocks. Published reports again and 
again describe evidence of the infection in 
poultry and in people who come into con- 
tact with poultry at any point on its way to 
market, but this information usually comes 
after the flock has already been marketed 
and all useful material for study has been 
destroyed. It is obviously then already to® 
late for a careful study of the course of the 
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disease in the flock. Since the people now 
concerned in preparation o£ poultry for the 
market constitute an occupational group, 
the infection is becoming the subject of 
wider interest again, and again it is the 
spread to man that is the stimulus. 

Its position as a poultry disease has 
simply never been deflned, probably at 
least partly because the mortality rate in 
the flocks, as far as is knosvn, has usually 
been relatively low. Since writers on this 
subject have been mainly physicians, epi- 
demiologists and public health workers, 
and only recently veterinarians, the inter- 
ests of these groups are reflected, and its 
course in the responsible poultry is almost 
never dealt ;vilh at all beyond mention of 
sick birds. 

In the 1959 edition of this book, based 
on statistics for the period 1931 to 1956 
maintained by the George Williams 
Hooper Foundation and published rcporu, 
the incidence of human psittacosis in 19 
countries attributed to contact with pi- 
geons. turkeys, ducks, chickens, and sea- 
shore birds had been tabulated. Bringing 
these data up to 1963, the following con- 
clusions are suggested; (a) With the ex- 
ception of the United States, sporadic cases 
attributed to exposure to pigeons are rarely 
reported or described, (b) The records 
rarely make a sharp distinction between 
clinical or merely serologically recognized 
cases. Tljerefore, the figures include all the 
rejwrted cases, (c) Statistics for 9 additional 
countries have been added, (d) The marked 
increase in occupational infection in the 
duck raising and processing industries of 
Czedioslovakia, East Germany, and Hun- 
gary and in Ujc turkey industry of North 
Ameria due to epizootia of ornithosis in 
the poultry flock has increased the total 
number of human psilucosis cases attribu- 
table to ]X>uUry to 5,390 with &9 deaths 
{Table 23.1). The absence of suiistics can- 
not be accepted as proof that human psit- 
tacosis docs not exist in countries not m- 
duded In the tabulation. IVhat is more im- 
portant. however, is die likely inadetiuacy 
of die tabulation for oUjcr reasons; In view 
of the wide hojl range of the many ipccics 


of bedsoniae of proven infectivity for mam- 
mals in the vicinity of man, it is reasonable 
to suspect that infections must occur tnore 
frequently, but they are not recognized ex- 
cept under special circumstances. 

Search for the cause of atypical pneu- 
monia in the U.S.A. and Europe indicated 
that in from 5 to 16 per cent the serologic 
evidence was in keeping with a diagnosis 
of psittacosis (Smadel, 1943; Eaton, 1945; 
Westwood, 1953; Lepine and Sautter, 1951; 
Jansson, 1960, and others). It is not known 
precisely how many cases of the prjeu- 
monitis originated from feral pigeons. Ac- 
cording to large serological surveys to meas- 
ure the incidence and distribution of psit- 
tacosis within (a) social, urban, and rural 
groups and (b) certain occupational 
groups, more people had been infected 
with bedsoniae than is indicated in Table 
23.1. The reaction rate of one group of 
poultry plant workers in Connecticut ex- 
posed for severa] )'ean was 24 per cent 
{Rindge <t al, 1959): it reached 68 to 75 
per cent in poultry processors in Texas and 
Oregon (Osgood el ol., 1956). Valuable 
data collected in Czechoslovakia by Serj' 
and his associates (1961) and Strauss and 
Seif (1964) are even more informative since 
only complement fixation titers higher 
titan 1:32 on one serum specimen were con- 
sidered indicative of past or present psit- 
tacosis. The average percentage of reactors 
in healthy persons living in rural areas was 
15 per cent, but in 213 employees on poul- 
try farms it rose to 22.5 per cent, and to 74 
per cent in tiiose who had worked from 3 
months to 5 years in the contaminated en- 
vironment. It may be mere coincidence 
but 32 per cent of 63 keepers of pigeons in 
Czechoslovakia corresponds with the 35 per 
cent of 169 pigeon breeden in Germany 
(Mohr, 1954; Siegmund, i960: U'ohlrab, 
1955). Similar findings of high (33-50 per 
cent) incidences in occupational groups 
Iiavx been reported from Germany and 
Roumania (Saratcanu ft at., 1961). Re- 
gional as y« unexplained differences, c-g., 
only 5 per cent reactors in 1,527 poultry 
plant w'oikcrs in Poland reacted in ddu- 
lions of 1:8 and above, have been pub- 



678 


K. F. MEVFR 


of visibly diseased viscera were condemned. 
Originally it was reasoned that the low 
pathogenicity of the isolate from the epi- 
looiic was responsible for the absence of 
human infection, but the large reservoir of 
ornithosis in domestic turkeys in Wiscon- 
sin and Minnesota, proved by serologic 
tests to exceed 40 per cent of the tested 
flocks, caused clinical and subclinical 
human ornithosis of sporadic nature in 
1956 to 1960 (Graber and Pomeroy, 1958; 
Graber, 1959). From 16 to 29 per cent of 
the over 200 poultry workers examined re- 
acted in the complement fixation test in 
dilutions of 1:8 and above. According to 
serologic screening surveys, bedsonia iso- 
lates of low pathogenicity for mice are 
widely spread in the turkey population of 
the United States. Recently ornithosis in 
one turkey has been reported from Great 
Britain (Grattan, 1963). They arc quite 
similar to the isolates from pigeons, ducks, 
and even some psittacine birds. How and 
why they become highly toxic and patho- 
genic for mammals including man cannot 
be answered because the history of ornitho- 
sis as a disease of poultry is largely un- 
known. 

Major changes in poultry-raising prac- 
tices in this country could change the im- 
portance of infectious diseases of poultry 
in general. Individual owners of small 
flocks have probably accepted minor losses, 
some in all probability due to mild epi- 
zootics of ornithosis, but when poultry 
birds are raised in large groups, under 
some circumstances aSording much belter 
opportunities for intraflock spread, the eco- 
nomics of the infection also changes. The 
new outbreaks in the costly turkey, with a 
mortality rate that can no longer be 
ignored, a higher concentration of the cost 
of the infection to a single flock owner, and 
the occurrence of clinical infections in 
heavily exposed processing plant workers 
warn ^at the position of this infection may 
be undergoing a change. Recently the tur- 
key in the United States and the duck in 
eastern Europe have come into as much 
prominence as a source of infection in man 
as cage pets had in former years. 


Infections have been found in domestic 
pheasants (Ward and Birge, 1952; Meyer 
and Eddie, 1956b) and geese (Strauss, 1956; 
Fiirst et al. 1957), but not yet in the guinea 
fowl. Among wild birds used for food, the 
fulmar (Haagcn and Mauer, 1938) and the 
muttonbird (Afykytowycz et al., 1955) bear 
mention. There are no known instances of 
transmission of the virus through ingestion 
of poultry. 

There have been single cases and out- 
breaks in human beings (5,390 cases, 
89 deaths) due to poultry and other food 
birds (Table 23.1). There are several re- 
ports in which ornithosis is considered pri- 
marily as a poultry disease, in pigeons 
(Hughes, 1947) and in turkeys (Pate et al., 
1954; Davis, 1955; Davis and Delaplane, 
1955; Davis et al., 1957a. b; Pomeroy et al, 
1957), but its history as a disease of poultry 
is largely unknown. 

Occasionally an astute physician en- 
counters a case of pneumonia in which the 
clinical picture deviates enough from the 
pneumococcal pneumonias to arouse his 
suspicions so that he must look for the 
cause elsewhere. The patient’s history 
leads to poultry. In most cases the patient 
recovers and no further inquiry is made. 
Under exceptional circumstances the 
matter has been pursued further, and some- 
thing is learned about the infection in the 
responsible flock, but mainly in relation to 
the human infection, not as a subject in 
itself. Almost never is the epidemiologic 
investigation carried beyond identification 
of the source of a human infection. Some 
groups particularly interested in ornithosis 
have made small surveys in a limited area 
usually in only one season when there have 
been human infections, and they have 
found the bedsonia or serologic evidence in 
poultry flocks. Published reports again and 
again describe evidence of the infection in 
poultry and in people who come into con- 
tact with poultry at any point on its way to 
market, but this information usually comes 
after the flock has already been marketed 
and all useful material for study has been 
destroyed. It is obviously then Steady too 
late for a careful study of the course of the 
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plying bedsonia in the cytoplasm ot a mam- 
malian host cell. 

These microscopic studies were made 
possible through the early ^ 

Krumwiede that the agent can be tra^^ 
mined and readily perpetuated in white 
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the parasite in the spleen. About 
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at the time ol the animal's death the forms 
were all coccal elementary bodies, -nere 
was a definite sequence ol changed When 
the inlection had proceeded hall way to 
death o£ the mouse, the inlected cells 
showed clusters ot particles of all sue 
large, intermediate, and small (elementary 
bodies). Some of the large forms appeared 
to be dividing. These ohservat.ora wn- 
vinced Bedson and Bland (1934) and Bland 
and Canti (1935) that the psittacosis agOTt 
passes through certain developmenul 
forms and mulriplies by binay fission. Bur- 
net and Rountree (1935) s"-!, Lftatns and 
Meyer (1939) studying the cycle m the cem 
ol developing chicken eggs and 
and Meyer (1941) using chicken em^ 
cells in tissue cultures as host cells observed 
similar forms and sequences. 
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similar. These studies established the 
c^nmn character ol ^ttr became known 

as the psittacosis-ornitbosis-lymphopann 
loma. or psittacosis-omUhos.s-mainmalian 

pneumonitis (P.O.M.P.) agents (Tertin. 

’’o^the studies that followed this period, 
those of Weiss (1955) deserve meirtiom 
Bland and Canti had placed the develop 
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Loosli "nd Ritter (1948). presented evn 
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lished (Parnas et al, 1960 and 1961). In 
Hungary, the course of investigations of 
3 outbreaks of psittacosis in poultry process- 
ing plants disclosed the following sero- 
logical attack rates: outbreak I. 96 of 446 
employees (21.5 per cent); II, 79 of 45S em- 
ployees (17.4 per cent) and III, 30 of 852 
employees (3.6 per cent). A screening test 
carried out on 334 employees of one plant 
(I) in the fourth week of the outbreak 
showed that 183 or 55 per cent proved 
negative while 151 reacted in dilutions of 
1:4 to greater than 1:128; in fact, 42 or 12 
per cent had CF liters greater than 1:32 
(SoU et al. 19G2/63). Of 260 workers of 
poultry breeding and processing plants 
near Moscow, 56 or 21 per cent reacted in 
the CF test while 80 or SO per cent gave 
positive skin tests (Il'inskii and Dareva, 
1963). Another survey on 451 workers in 
the Sverdlovsk region in the U.S.S.R. gives 
similar figures with regard to (he reactors; 
while 76 or 17 per cent were considered 
reactors in the CF test, 136 or 29 per cent 
gave allergic skin tests (Kortev and Fed- 
orova, 1963). 

In summary, the surveys briefly con- 
sidered confirm the view repeatedly ad- 
vanced that the reported cases of human 
psittacosis represent only a small percent- 
age of the actual number of clinically mild, 
even inapparent, infections seen in occu- 
pations which bring man into contact with 
pigeons, ducks, geese, turkeys, or poultry 
in general in the order mentioned. Perme- 
ation of bedsonia infections on breeding 
farms and in processing plants may lead to 
subclinical attack rates of as high as 45 per 
cent of the employees. These facts must 
be taken into consideration while accept- 
ing and using the statistics presented in 
Table 23.1. Last of all, it is well to re- 
member that psittacine birds continue to 
be responsible for sporadic and, occasion- 
ally, occupational group and family infec- 
tions. 

ETIOLOGY AND PARASITOLOGY 

Ornithosis and psittacosis are caused by 
intracellular, biologically distinct parasites. 
Tliese share the following characteristics: 


1. Tliey stain readily with basophilic dyes. 

2. They are antigcnicaily related accord- 
ing to complement fixation, immunity, 
and toxin neutralization tests. 

3. They grow well in the yolk sac of em- 
hrj'onatcrf eggs. 

4. Tliey produce, with ferv exceptions, 
pneumonitis in the laboratory mouse 
when introduced by the iniranasal 
route. 

5. They are susceptible to the action of 
certain antimicrobial drugs, particu- 
larly tetracycline. 

The original studies of Bedson and 
Western (1930), Levinthal (1930). Krum- 
wiede et al. (1930), and Sacqudpie and Fcr- 
rabouc (1930) showed that their isolates 
from infected parrots had the following 
principal characters of a virus according to 
the views prevailing at that lime: 

1. Inability to multiply on the nonliving 
media used for bacteria and fijterabilhj' 
through the coarser grade of BerkefeW 
and Chamberland filters. Filtrates of 
splenic and hepatic emulsions that are 
sterile on media used for bacteria re- 
produced the disease in healthy birds 
(parakeeu and parrots). 

2. Several of the first accounts made ^ete^ 
ence to very small coccal bodies re- 
sembling microorganisms which when 
stained with Giemsa could be seen in 
smears of virulent material obtained 
from naturally occurring human or 
avian cases or from experimentally in- 
fected animals by means of the ordinary 
microscope using while light. These 
bodies resembled rickettsia in their 
microscopic appearance. The virulence 
of the test material was correlated with 
their presence, and they were held back 
only by the less coarse bacterial filths. 
Early in psittacosis research these bodies 
were referred to as Levinthal-Coles-Lil- 
lie (L.C.L.) bodies. 

It is to the lasting credit of Bedson 
(1932). Bedson and Bland (1932). and 
Bland and Canii (1935) that they demon- 
strated, through painstaking microscopic 
studies, that the L.C.L. bodies were ple*^ 
morphic, a constant feature of the 
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plying bedsonia in the cytoplasm of a mam- 
malian host cell. 

These microscopic studies svere made 
possible through the early discovery by 
Krumwiede that the agent can be trans- 
mitted and readily perpetuated in while 
mice. 

^Vorking with a strain of plttacosis 
agent well adapted to the mouse, killing 
them regularly in 48 hours, they studied 
the parasite in the spleen. About 10 hours 
after infection there were only large forms; 
at the time of the animal’s death the forms 
were all coccal elementary bodies. There 
was a definite sequence of changes. When 
the infection had proceeded half way to 
death of the mouse, the infected cells 
showed clusters of particles of all sites— 
large, intermediate, and small (elementary 
bodies). Some of the large forms appeared 
to be dividing. These observations con- 
vinced Bedson and Bland (1934) and Bland 
and Cami (1935) that the psittacosis agent 
passes through certain developmental 
forms and multiplies by binary fission. Bur- 
net and Rountree (1935) and Lazarus and 
Meyer (1939) studying the cycle in ihccelb 
of developing chicken eggs and Yanamura 
and Meyer (1941) using chicken embryo 
cells in tissue cultures as host cells observed 
similar forms and sequences. 

The discovery that the mouse is suscep- 
tible experimentally to the filterable infec- 
tive agent of lymphogranuloma venereum 
(Hellerstrdm and Wassen, 1930) led Miya- 
gawa and his colleagues (Miyagawa et al., 
1935) to demonstrate that the agent could 
be stained and that in size and staining re- 
actions it closely resembles the psittacosis 
agent. The full extent of the resemblance 
•was proven by Findlay and his colleagues 
(1938) and Rake and Jones (1942) when 
they showed that the lymphogranuloma 
venereum agent goes through a growth 
cycle similar in all respects to that de- 
scribed by Bedson and Bland (1932). Later 
other related agents were studied— ornitho- 
sis (Afeyer and Eddie, 1942), mouse pneu- 
monitis (Karr, 1943), feline pneumonitis 
(Hamre ef aC, 1947), and enzootic abortion 
of ewes (Stamp, 1951), and their cycles were 


similar. These studies established the 
cocnmon character of what became known 
as the psittacosis-ornithosis-lymphogranu- 
loma, or psittacosis-ornithosis-mammalian 
pneumonitis (P.O.M.P.) agents (Terzin, 
1958). 

Of the studies that followed this period, 
those of Weiss (1955) desen'C mention: 
Bland and Canti had placed the develop- 
mental cycle intracellularly, but Weiss, like 
Loosli and Ritter (1948), presented evi- 
dence of extracellular growth in the 
alveolus of mouse lungs infected with the 
murine pneumonitis agent. 

Various aspects of the growth cycle were 
the subject of study, and numerous ob- 
servations suggested that the psittacosis 
agent behaves like a true virus. It has a 
latent phase in its developmental cycle and 
changes from an infectious to a nonin- 
fectious form (Girardi el al., 1952). A re- 
study of the kinetic of a psittacosis infec- 
tion in mice by Bedson and Costling (1954) 
confirmed the observations by Heinmets 
and Golub (1948): the elementary bodies 
rapidly attach to the host cell surface and 
then penetrate it. Evidently during the 
ensuing resting phase, analogous to the lag 
phase during bacterial growth, the fully 
infectious units acquire the energy 
potential to multiply rapidly. When the 
host cell wall is finally burst, new infective 
units are released into the extracellular en- 
vironment. 

With the advent of the electron micro- 
scope and the ultramicrotome. Strain 
(1955), Gaylord (1954), Officer and Brown 
(1960), and Tajima el at. (1957) re-exam- 
ined the forms developing during the 
growth cycles. Finally Litwin (1959, 1962) 
and Litwin and his associates (1961) recog- 
nized, documented, and described a simple 
and roherent sequence of events in the 
growth cycle of this group (Fig. 23.1). 

Growth and Morphology 

The course of the bedsonia parasitism of 
cells of the chorio-allantoic ectoderm or 
Qiang's human liver cells infected with 
these agents is as follows: 

Infection of a susceptible cell is initiated 
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lished (Parnas et al., 19G0 and 1961). In 
Hungary, the course o£ investigations o£ 
3 outbreaks of psittacosis in poultry process- 
ing plants disclosed the following sero- 
logical attack rates: outbreak I. 96 of 446 
employees (21.5 per cent); II, 79 of 455 em- 
ployees (17.4 per cent) and III, 30 of 852 
employees (3.6 per cent). A screening test 
carried out on 334 employees of one plant 
(I) in the fourth week of the outbreak 
shosved that 183 or 55 per cent proved 
negative while 151 reacted in dilutions of 
1:4 to greater than 1:128; in fact, 42 or 12 
per cent had CF titers greater than 1:32 
(Soil et al., 1962/63). Of 260 workers of 
poultry breeding and processing plants 
near Moscow, 56 or 21 per cent reacted in 
the CF test while 80 or 30 per cent gave 
positive skin testa (Il'inskii and Dareva, 
1963). Another survey on 451 workers in 
the Sverdlovsk region in the U.S.S.R. gives 
similar figures with regard to the reactors: 
while 76 or 17 per cent were considered 
reactors in the CF test, 136 or 29 per cent 
gave allergic skin tests (Kortev and Fed- 
orova, 1963). 

In summary, the surveys briefly con- 
sidered confirm the view repeatedly ad- 
vanced that the reported cases of human 
psittacosis represent only a small percent- 
age of the actual number of clinically mild, 
even inapparent, infections seen in occu- 
pations which bring man into contact with 
pigeons, ducks, geese, turkeys, or poultry 
in general in tlie order mentioned. Perme- 
ation of bedsonia infections on breeding 
farms and in processing plants may lead to 
subclinical attack rales of as high as 45 per 
cent of the employees. These facts must 
be taken into consideration while accept- 
ing and using the statistics presented in 
Table 23.1. Last of all, it is well to re- 
member that psittacine birds continue to 
be responsible for sporadic and, occasion- 
ally, occupational group and family infec- 
tions. 

ETIOLOGY AND PARASITOLOGY 

Ornithosis and psittacosis are caused by 
intracellular, biologically distinct parasites. 
These share the following characterbtics: 


1. They slain readily with basophilic dyes. 

2. Tliey arc antigcnically related accord- 
ing to foinplcmcnt fixation, immunity, 
and toxin neutralization tests. 

3. They grow well in tlic yolk sac of cm- 
bryonated eggs. 

4. They produce, with lew exceptions, 
pneumonitis in the laboratory mouse 
when introduced by the intranasal 
route. 

5. Tlicy arc susceptible to the action of 
certain antimicrobial drugs, particu- 
larly tetracycline. 

The original studies of Bedson and 
Western (1930). Levinthal (1930). Krum- 
wiede et al. (1930), and Sacquipie and Fcr- 
rabouc (1930) showed that their isolates 
from infected parrots had the Mlowitig 
principal cliaractcrt of a virus according to 
the views prevailing at that time: 

1. Inability to multiply on the nonliving 
media used for bacteria and filterabifiir 
through the coarser grade of Berkcfeld 
and Chamberland filters. Filtrates of 
splenic and hepatic emulsions that are 
sterile on media used for bacteria 
produced the disease in healthy birds 
(parakeets and parrots). 

2. ^veraj of the first accounts made refer* 
ence to very small coccal bodies re- 
sembling microorganisms which when 
stained with Giemsa could be seen in 
smears of virulent material obtained 
from naturally occurring human or 
avian cases or from experimentally in- 
fected animals by means of the ordinary 
microscope using white light. These 
bodies resembled ricketlsia in their 
microscopic appearance. The virulence 
of the test material was correlated with 
their presence, and they were held back 
only by the less coarse bacterial filters. 
Early jn psittacosis research these bodies 
were referred to as Levinthal-Coles-Lil* 
lie (L.C.L.) bodies. 

It is to the lasting credit of Bedson 
(1932). Bedson and Bland (1932), and 
Bland and Canti (1935) that they demon- 
strated, through painstaking microscopic 
studies, that the L.C.L. bodies were ple<> 
morphic, a constant feature of the multi- 
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passing from one cell to another. The fluid 
or semifluid content of the ye^icle (ori^- 
nally called matrix by Bland and Canti, 
1935) is probably formed by enrymatic di- 
gestion of the surrounding cytoplasm by the 
multiplying psittacosis agent; it is ridi in 
RNA (Pollard et al., 1960). In the 
tradioma and lymphogranuloma growth 
cycle the matrixes are unique in their con- 
tent of a glycogenlike, iodophillc polysac- 
charide (Rice. 1936; Orfila, 1962). 

The appearance of bedsonia in smears 
prepared from infected tissues or cultures 
is important, 'IVhen stained by the Mac- 
chiavello mediod (basic fuchsin decoloriied 
with citric acid followed by methylene 
blue) the dense particles and the highly in- 
fcahe ciem^niaey bodies show affimVy for 
basic dyes— basic fuchsin, and slain red; the 
coarse reticulated forms are blue. Tlrcse 
differences are not striking when the 
Ostaneda procedure or Ute Giemsa stain 
is used. Neither the coarse nor the dense 
particles retain gentian violet, after de- 
coloration with 95 per cent ethanoh as well 
as the rickeitsia do. In an electron micro- 
scopic study of die structure of 13 isolates, 
the diameter of ilie individual organisms 
ranged from 280 to 980 mu; die elementary 
bodies derised from parakeets were spheri- 
cal while diose of turkey, egret, pigeon, and 
msinmalixn origin were angular, suggest- 
ing a polygonal arcliilecturc (Page et al-, 
1961). 

Biothemitfry of Growth 

A variety of experimental findings, re- 
viewed by Moulder (1951), Weiss (1955), 
Wenner (1938), and again more rcccndy in 
an admirable manner by Moulder (1962b) 
point to the condunon that many members 
of this group as obligate intracellular para- 
sites rich in both DNA and lkN.\ have 
enzyme systems that can sytidicsiie jnicro- 
ntolcculcs of protein and nudcic acid 
sjKdfic for Cadi a^cni. Likewise dicy pio- 
ducc mculxilitcs of low molecular v»cigbt 
sudi as folic acid. lysine, and muranic acid, 
dial arc nut synihoucvl by the host cells. 
Purified sui^scniions of bedsonia panicles 
|ite(Mtcd ficim tiifcttol chick-embtyo yolk 


sac or allantoic fluid digested with pan- 
creatin or cobra venom (Allen and Bovar- 
nick, 1962) (their freedom from host cell 
coammijiatlon detejmined by serological 
tests and electron micrographs) have served 
for determination of the ^emical compo- 
sition. There is evidence Uiat the two 
morphologic types of particles have dif- 
ferent compositions and correspondingly 
different activities; the reported results are 
not always comparable. The psittacosis 
agents are chemically complex organisms. 
OX all the common amino aci^, only 
arginine and histidine are missing from 
the parasite protein estimated at 35 per 
cent of the dry weight for the meningo- 
pneumonitis agent. Lysine is present, 
gcahaWf in the cc)l null/, in appreciable 
amounts (Jenkin, 1900). 

i\Iany members of tlie group contain a 
lipid; 6BC psi{t.vcosis strain yields lecithin 
(Gogolak and Ross, 1953). 

About 3.5 per cent of the dry weight of 
the meningopneumonitis particle 1$ DNA; 
the RNA varies from 2 to 7 per cent (Gogo- 
lak and Ross. 1955). The dry weight of die 
same organism has about 2 per cent carbo- 
hydrate (V» is hcxosanu’ne) (Jenkin, i960). 

Significant arc the findings that ilie 
meningopneumonitis and murine pneu- 
monitis particles contain the amino sugar— 
ijiucank aciii-^fountl only in bacteria, rick.- 
ettsiae. and the bluc-grccn algae (Allison 
and Perkins, 1060). 

Nutritional requirements of the I>cd- 
soniac have been greatly clarified by in- 
triguing studies (Morgan and Bader, 1956 
ami 1957) using a sensitive tissue culture 
System consisting of the L strain of mouse 
fibroblasts. Amino acid or B vitamin noi 
requited for the growth of L ccIU was 
essential for psittacosis muItipUcation. 
Pour amino acids (arginine, glutamine. 
Iitstidine, lysine) and two vitamins (folic 
acid and rilmll.ivin) nccesvaiy for the multi- 
plication of L cells were not requited by 
the 6BG iniitacosis agenu The t«u 
amino acids arc not found in the pu’i ucniii 
Agents (Jenkin, 1960). Lysine, a <ncu- 
isonent of ilic cell v.ail, is formed by- the 
meningopneumonitis agent by decar- 
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FIG. 23,1 — Growth cycio of bodtonio O0«r>it. 


by an elementary body, a particle about 0.2 
to 0.3/4 in diameter and consisting of a 
limiting wall or membrane containing an 
electron-dense central body surrounded by 
less dense peripheral material. In suscep- 
tible cell cultures the elementary body be- 
comes adsorbed to a host cell within 2 
hours (Weiss, 1955; Officer and Brown, 
1960). The invading body or particle 
undergoes an internal reorganization as it 
adjusts to the intracellular environment. 
The particle then appears as a highly 
granular coarse meshed reticular form sur- 
rounded by a vesicle. These larger 
particles (0.7 to 1.0/t in diameter) can be 
seen with the light microscope and have 
been described as initial bodies. This de- 
scription is not appropriate because such 
units persist throughout the growth cycle, 
not merely at the beginning. 

Between the tenth and twentieth hours 
after infection intense metabolic activity, 
but little division, is observed; the in- 
fectivity of the culture at this stage remains 
low and fairly constant. 

After 20 hours the particles begin to in- 
crease in number, according to most evi- 
dence, as the result of binary fission of the 
large forms, The agent leaves the lag phase 


and enters the logarithmic phase of multi- 
plication; this is accompanied by an in- 
crease in infectiviiy of the culture. At a 
time characteristic of each host-agent sys- 
tem. some large Conns differentiate into 
small dense-centcred highly infective parti- 
cles, and these small particles do not 
divide. Others of the larger reticulated 
particles continue to divide. 

Between 25 and 30 hours division of the 
laige forms also ceases, but differentiation 
of large into small forms continues for a 
short period. The terminal population m 
the host cell consists of a mixture of larg^ 
and small particles. The critical analysis 
by Bedson (1959) and in particular the 
studies of Litwin and his associates (1961) 
on eight host-agent systems lend no sup- 
port to the view that the elementary bodies 
develop from a viral matrix or that multi- 
ple endosporulation is an important phase 
of multiplication of the bedsoniae. The 
nature of the dense-centered bodies is un- 
known; they consist in large part o 
material other than DNA or RNA (Jenkm, 
1960) and may be an aggregation or con- 
densation of the protoplasma of the ele- 
mentary body that cannot divide but can 
resist extracellular stresses encountered m 
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for 23 days. Chemical substances such as 
lysoh chloramine, sodium hydroxide, 
hydrochloric acid, and others at temper- 
atures of 18 to 20® C. inactivated the agent 
within 30 minutes. Short-wave ultraviolet 
light inactivated the bedsonia on thin 
cotton material within 30 minutes from 
a distance of 1 m. tram the source of radi- 
ation; long-wave radiation did not in- 
activate the agent even after an exposure of 
2 hours (Bolotovskii, 1959). 

Effect of Antimicrobial Drugs 

Multiplication of most represenutive 
members of the group fs inhibit^ by drags 
effective against bacteria: the sulfonamides, 
penicillin, the tetracyclines, erythromycin, 
and chloramphenicol (Eaton, 1950; Hurst 
et al., 1953; Gale, 1959). 

Bedsonia and penicillin interact in the 
same way as bacteria and penicillin. All 
members of the group are susceptible, the 
mammalian agents more so than the avian 
ones. Large, irregularly shaped and vacuo, 
lated bodies are observed when feline pneu- 
monitis or lymphogranuloma agents are 
grown in the yolk sacs of chick embryos 
treated with penicillin (Weiss, 1955; Hurst 
et al, 1953; Tajima et al, 1957; Walt. 
1963). These bodies, analogous to bacteria] 
jpheroblasts, remain viable and resume 
muftipficaiion at a normal rate as soon as 
penicillin is removed by injection of 
penicillinase into the embryo (Moulder et 
al, 1956). In a manner similar to bacteria, 
bedjoniae become resistant to penicillin 
(Moulder et al, 1955; Gordon el al, 1957). 
The resistance develops stepwise and leads 
to the appearance of penicillin- and cross- 
neutralization-resistant mutants of the 
feline pneumonitis agent (Moulder et al, 
1958). The peculiar properties of these 
mutants suggest a nondissociable bond and 
fundamental changes between the celt wall 
of the bedsonia and the drug. This led to 
the observation that the cell wall of the 
meningopneumoniiis or znurine pneu- 
monitis bedsoniae is like that of bacteria 
and that the bedsoniae contain rauranic 
acid (Jenkin, I960: Allison and Peikim. 
I960). This acid is synthesized by enzymes 


in the bedsonia and incorporated into the 
cell wall. Penicillin probably inhibits this 
incoiporation and thus prevents multipli- 
cation. 

Tetracyclines are currently the drugs of 
choice in the treatment of psittacosis (Katz, 
1956; Wenner, 1958). Aureomydn did not 
aflecc efte extracellular menfngopneuraoni- 
tis agent when propagated in the chick em- 
bryo (Allen et al., 1953); the action is di- 
rected against the intracellular growth 
cycle by interfering with some unknown 
metabolic process essential for repro- 
duction (Moulder, 1954). Achromycin was 
superior to aureomycin and terraraycin in 
delaying death of chick embryos infected 
with feline pneumonitis (Katz, 1956). The 
effectiveness was not directly proportional 
to the amount given but was independent 
of the concentration of the psittacosis 
agent. Achromycin administered within 48 
hours after infection completely protected 
the embryos. After 72 hours the survival 
rates {ell with increasing time between in- 
fection and administration of the drug. 
The remarkable grotrth inhibition by 
aureomycin compared with that of penicil- 
lin is clearly shown in a chart in a paper 
by Cogolak and Weiss (1950). Aureomycin 
produces smaller plaques or aggregations 
of particles than penicillin. Because 
chiortetracyciine resistance developed in 
egg passage and in mice. Gordon and his 
colleagues (1957) warned that drug resist- 
ance might be produced in programs de- 
signed to eradicate psittacosis from poultry 
or parakeet stocks. To date drug-resjstant 
isolates have not been obtained from arian 
species inadequately treated with tetra- 
cyclines for 15 to 50 days. 

PATHOGENESIS 

The psittacosis bedsoniae exhibit no 
special affinity for cells of the chicken em- 
bryo and multiply in the most readily 
available cells. Infected allantoic fluid, 
yolk sac, or mouse lung is uselul for sepa- 
rating the elementary bodies from tissue 
aoraponents by procedures that include the 
use of proteolytic enzymes, surface active 
agents, absorption of cell components to 
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boxylation of diaminopimelic add— a re- 
action not occurring in mammalian tissue ' 
(Moulder, 1962a and 1964). The lack of 
glutamine requirements is not understood. 
Folic acid is synthesized by the psittacosis 
group (Col6n, 1960 and 1962). Cytochrome 
C reductase as an enzyme takes the place 
of nitroflavin in the meningopneumonitis 
agent (Allen et al., I960). Infection causes 
no changes in the energy metabolism of 
the host cell, but alters the rate of nucleic 
acid synthesis. Several studies by inde- 
pendent workers have shown that diverse 
members of the group synthesize their own 
nucleic acid from precursors of unknown 
complexity within the host cells. Psittaco- 
sis agents, like bacteria and other cells, con- 
tain more than one kind of RNA, strongly 
indicating that the bedsoniae have syn- 
thetic systems. Quite recently careful 
studies by Ormsbee and Weiss (1963) with 
the trachoma agent have shown that puri- 
fied suspensions of bedsoniae possess an in- 
dependent carbohydrate metabolism in 
an extracellular environment; it appears 
that oxidation was not affected by molecu- 
lar oxygen. The available evidence sug- 
gests that the psittacosis particles are active 
metabolic units, but there is a striking 
metabolic deficiency in the apparent lack 
of any sort of energy metabolism. Moulder 
(1962b) offers the explanation that the 
psittacosis group depends on the host cell 
to supply high-energy metabolites such as 
adenosine triphosphate and other nucleo- 
tide triphosphates that most likely pene- 
trate the agents. Probably this deficiency 
explains the obligate intracellular metabo- 
lism; an adequate concentration and 
variety of high-energy compounds is not 
found outside living, actively metabolizing 
cells. 

Inactivation 

The members of this group are among 
the less stable infective agents under ordi- 
nary laboratory conditions. Older claims 
that complete destruction requires heating 
at 70° C. for 10 minutes must be re-exam- 
ined. One of the turkey ornithosis isolates 
in 20 per cent mammalian tissue sus- 


pension has been destroyed in less than 5 
minutes at 56° C. and in less than 48 hours 
at 37° C. Resistance to lower temperatures 
is well known. When a portion of the 
same suspension was stored at —20° C. or 
at dry ice chest temperature for 400 days, 
the viability was gradually lost, until 99.95 
percent had been destroyed (Page, 1959b). 
Diseased turkeys frozen in processing 
plants retained the ornithosis agent in a 
viable state after a little over a year of stor- 
age at — 20° C. or below. 

A solution of 7.5 per cent dextrose in 
skimmed milk preserves the infectivity to 
a high degree whether stored after freeze 
drying or in a frozen state at — 15°C.: 
lyophilized tissue suspensions yield higher 
infectivity than frozen suspensions (Schmitt- 
diel. 1961). Either skim milk or glutamate 
medium at — 70° C. preserved the 
meningopneumonitis agent (Allen et al> 
1952). 

The growth cycle is destroyed by freez- 
ing. This explains the drop of infectivity 
so frequently encountered when suspen- 
sions are not titrated in the fresh state (Lit- 
win, 1959; Officer and Brown, 1960). 

■When preserved in 50 per cent glycerol 
in buffered saline (pH 7.6) and held at 0® 
± 4° C., heavy suspensions of infective tis- 
sue may retain their activity for 10 to 20 
days. The psittacosis agents in sputum, 
human lung tissue, and bird specimens 
rapidly lose potency in glycerol; this pre- 
servative should not be used. 

Formalin (0.1 per cent) or phenol (0-5 
per cent) inactivates even suspensions free 
from clumps in 24 to 36 hours; ether or 
ethanol at room temperature is destructive 
within 30 minutes. The pH range of stabil- 
ity is narrow (7 to 8), and the rate of iH' 
activation of the feline pneumonitis bed- 
sonia by ultraviolet irradiation is compa- 
rable to that of Escherichia coli (Moulder 
and Weiss. 1951). 

Suspensions of ornithosis and psittacosh 
isolates grown in mouse brain and embryos 
preserved their activity in tap or well water 
for 17 days, in melted snow for 15 days, in 
natural light for 18 days, in snow in dark- 
ness for 29 days, and in pasteurized milh 
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Multiplication of the bedsonia is not essen- 
tial for evocation of the lethal effect; it is 
sedimented with the infective particles 
when spun at 18,000 tpm for an hour, or 
when put through coarse Seitz filters. The 
lethal properties are unstable: the potency 
declines at 22® to 37® C. within a few hours 
and may be quickly lost at 44® C.; it is 
destroyed by 0.1 per cent formalin al- 
though the antigenicity is retained. If 
homologous antiserum-homogenate mix- 
tures are administered together, the lethal- 
ity is neutralized to the extent that from 80 
to 90 per cent of the mice survive at least 
48 hours. In the following days a variable 
percentage succumb to infection. Not all 
isolates (e.g., from severe human pneu- 
monitis, from turkeys and egrets) may be 
fatal to all mice within 24 hours. The im- 
munologic specificity of the lethality-neu- 
tralization reaction Is identical or very 
similar to that of the infectivity-neuirali- 
ration reaction (Manire and Meyer, 1950c). 
Recent studies have demonstrated that the 
toxic antigen is located in the cell wall, as 
is the neutralizing antigen (Ross and Jen- 
kin, 1962). Incomplete physiologic and 
histopathologic studies on mice subjected 
to the lethal effect of bedsonia revealed 
profound changes In the blood elements— 
severe leukopenia, toxic granulation and 
shift to the left, thrombocytopenia and 
irregular marked anemia accompanied by 
delay in blood clotting, heraoconcentra- 
tion and disturbance in the glucose metabo- 
lism. Microscopic examination of the 
venae cavae of mice infected by the intra- 
venous route revealed damage to the vascu- 
lar epithelia (Schoenholz, 1962). These ob- 
servations suggest that the toxin of the 
bedsonia in some manner reflects the dam- 
age done to the host during the act of in- 
vasion of the particles. Toxin neutral- 
ization and inCectivity neutralization 
titrate the same antigen or polymolecular 
substances on cell wall that is intimately in- 
solved in invasion of host cells. On the 
Oliver hand, it is known that several anti- 
gens of unknown toxicity are produced 
during multiplication of the bedsonia (Hil- 
leman et al, 1951; Gogolak and Ross. 1955; 


Benedict and O'Brien, 1958), and that ap- 
parently the synthesis or release of a lethal 
toxin of a penicillin-resistant mutant of 
feline pneumonitis is inhibited by penicil- 
lin. Although the neuiraJization technique 
of the toxin or factors in distinguishing 
avian from mammalian isolates is of value, 
it does not seem likely that the lethal effect 
that follows the intravenous inoculation 
of mice with homogenates consisting of 
very large numbers of highly infective bed- 
sonia particles explains the pathogenesis 
of natural infections of man and animals 
by members of the psittacosis-lympho- 
granuloma group. 

Antigenic Structure 

It was shown early that the sera from 
persons convalescent from psittacosis (Bed- 
son, 1935) and that from diseased or re- 
covered psiltacine birds (Meyer and Eddie, 
I9$9a) fixed complement in the presence of 
the psittacosis agent in the splenic tissues 
of mice or tissue culture. Another finding 
was significant: the psittacosis antigen con- 
tained two antigens, one that was heat- 
labile was destroyed by temperatures above 
60® C.; the other withstood boiling or even 
autoclaving at 135* C. Immune serum con- 
tained antibodies to botlt antigens, as could 
be demonstrated by complement fixation 
tests with the unabsorbed serum and with 
those that had been absorbed separately 
with the whole agent or with its heat-stable 
component. As other psittacosis and the 
lymphogranuloma agents were discovered, 
it was found that they all have, in the com- 
plement fixation test, the same heat-stable 
antigen now designated the group antigen. 
By treating human serum from lympho- 
granuloma venereum by absorption with 
heated homologous or heterologous (psit- 
tacosis) antigen, it was found that the 
lymphogranuloma venereum agent contains 
a heat-labile fraction that is specific for this 
bedsonia (Beclson el al., 1949,' Barwell, 
1952). Antiserum in rabbits, guinea pigs, 
and pigeons with live enzootic abortion of 
ewes agent (Monsur and Barwell, 1951) and 
similar studies with the psittacosis and 
feline pneumonitis agents (Ross and Gogo- 
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specific antiserum or to celite and cycles of 
high and low speed centrifugation (Zahler 
and Moulder, 1953), or simply by differ- 
ential centrifugation (Gogolak and Ross, 
1955). Purified preparations are also ob- 
tained by dialysis against distilled water 
(Crocker, 1954). By use of an ingenious 
counting method it has been learned how 
elementary particles infect chicken em- 
bryos by the yolk sac route. 

Counting the number of particles in sus- 
pensions of infective agents with the light 
microscope (Lazarus and Meyer, 1939: 
Gogolak, 1953; Manire and Smith, 1959; 
Smith and Manire, 1959) or the electron 
microscope (Crocker, 1954; Litwin, 1959, 
1962; Jenkin, 1960; Litwin et al., 1961) and 
inoculating the counted suspension into 
the yolk sac of embryonated eggs, ihelr in- 
vasiseness and their LDoo have been de- 
termined. Thus it was demonstrated that 
the 6BC parakeet and Borg strains of psit- 
tacosis infected in the total particle/LDjo 
ratio of almost 1; the ratio for the 
trachoma was close to I x 10« (Litwin el at., 
1961; Litwin, 1962). Agents with a ratio 
near unity can be considered highly in- 
fectious for a variety of hosts; they invade 
and grow in many different kinds of cells. 
Bedsonia isolates or members of the group 
with high ratios have restricted host range 
and multiply in few tissues or cells. It is 
guessed that the structures or enzymes in- 
volved in the invasion of the host cells by 
the dense particles may be located in the 
cell wall (Jenkin et al., 1961; Ross and Jen- 
kin, 1962). 

Latency 

One characteristic of natural inFectiom 
with memben of this group is latency with- 
out obvious harm to the host. This was 
first demonstrated in parakeets and mice 
(Meyer and Eddie, 1933; Bedson, 1938; 
Early and Morgan, 1946a), then in chick 
embryos (Davis, 1949; Greenland, 1961) 
and in man (Meyer and Eddie, 1951b). 
Latency may result from nutritional d^ 
ficiencies in host cells and recrudescences of 
frank disease may follow when these de- 
ficiencies are corrected (Morgan and Bader. 


1957; Bader and Morgan, 1958, 1961). At 
first glance It might seem that the cells of 
living intact animals are unlikely to reach 
a state of starvation. But the absolute and 
relative concentrations of metabolites with- 
in cells arc subject to a variety of complex 
regulatory mechanisms. Even in ade- 
quately nourished mammalian or avian 
hosts the conditions in certain cells or 
groups of cells essential for bedsonia 
growth may fall below the minimum; the 
lag phase in the growth cycle normally 
taking about 10 hours might be prolonged 
indefinitely. This still has to be proved. 
Another method of producing experi- 
mental latency was observed by Litwin 
(1959) when he altered the normal growth 
cycle by transferring the feline pneumonitis 
bedsonia at the early growth stages onto 
chorioallantoic membranes. The cycle was 
greatly delayed and fully infectious 
particles never appeared. In this manner 
the agent could be transformed indefinitely 
in the latent phase because the rapid trans- 
fer indefinitely prolonged the early stages 
of normal growth. A third factor may con- 
dition latency. In Benedict’s study (1938b) 
the psittacosis bedsonia growth cycle was 
greatly suppressed in monocytes derived 
from immune guinea pigs; they grew well 
in normal cells. This observation suggests 
that immune reactions within the mam- 
malian or avian cells may be partly re- 
sponsible for latency, 
lethal Properties 

Analogous to the observation on the 
rickettsial toxin studies. Rake and Jones 
(1944), Manire and Meyer (1950 a, b 8: c). 
and Meyer and Eddie (1953) observed that 
the psittacosis-lymphogranuloma agents 
form a toxin closely associated with the in- 
fectious particles that is rapidly lethal for 
mice on intravenous injection. Homog* 
enates of yolk sacs infected with a highly 
virulent turkey ornithosis isolate in dilu- 
tion of 1:1.000 killed 50 per cent of the 
mice within the fint 16 hours after intra- 
venous injection. The LD50 of the letha 
factor was more than I x 10^ times the in- 
fection LD50 (Manire and Smith, 1959)- 
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lak, 1957a) provided evidence that the heat* 
labile antigen is the species-specific antigen 
that is always serologically weaher than the 
group antigen. Considerable progress has 
been made in identifying tii«e inti^ru 
with chemical fractions of the bedsoniae. 
Treatment of the agents with phenol, 
dilute hydrochloric acid, or papain had the 
same effect as boiling: it made them group 
specific. Prolonged extraction with ether 
placed the group antigen in solution in 
which it could be destroyed with potassium 
periodate in very low concentration or by 
lecithinase (Barwell, 1952). In subsequent 
careful investigations, Ross and Gogolak 
(1957a) grew the psittacosis and feline pneu- 
monitis agents in the allantoic cavity of 
8-day eggs, purified them by fractional 
centrifugation, disrupted the particles by 
sonic vibration and lyophilited the particu- 
late material. Two complement fixing 
antigens were extracted from these prq>a- 
rations, one ether-soluble, the other alkali- 
soluble. The latter had both the specific 
and the group antigen. When treated with 
potassium periodate or lecithinase, the 
specific antigen that could be destroyed 
with papain (but not trypsin) was obtain- 
able. It is believed that the specific sero- 
logic activity of the bedsoniae resides in 
a lecithin-nucleoprotein complex. The 
alkali-soluble antigen fraction yields lyso- 
lecithin when treated with lecithinase and 
choline is demonstrable in the phospho- 
lipid fraction. Solubility of the lecithin 
in the alkali-soluble, ether-insoluble ex- 
tract suggests that it is firmly bound to a 
nucleoprotein identified as such by 
chromatographic and spectrophotometric 
methods. A water-soluble group comple- 
ment fixation antigen has been extracted 
with sodium lauryl sulfate from purified 
bedsoniae (Benedict and O’Brien, 1956). 

A serologic procedure to detect the 
specific antigen in psittacosis or ornithosis 
isolates would be invaluable to identify its 
host origin. Present methods have not in- 
formed whether the extrapsittacine isolates 
difier sufficiently from psittacine isolates to 
constitute a separate species. Such a 
method would be used to answer urgent 


epidemiologic questions, for example 
whether ornithosis in turkeys or ducks is 
introduced into breeding and fattening 
flocks by water fowl such as sea gulls. 
There remaim also the question concern- 
ing the variable organotropism of bovine 
bedsoniae— for example, “Is the bovine 
abortion agent merely an adaptation of the 
bovine enteritis agent?” This cannot be 
answered without an analysis of the specific 
antigens in the different isolates so far re- 
ported. The precise method of Ross and 
Gogolak is too arduous for routine use. 
Promising results have been reported by 
jenkin (1960) and Ross and Jenkin (196^ 
who used cell wall preparations as anti- 
gens, creating purified bedsoniae with de- 
oxycholate and with trypsin. Specific anti- 
gens in the cell wall were demonstrated in 
both direct and indirect complement fix- 
ation tests. 

Slide agglutination tests with purified 
bedsoniae are quite useful (Lazarus and 
Me)er, 1959; Labzoffsky, 1947; Mason, 
1959; Chang cl of., 1962). Treatment of in- 
fected yolk sac suspensions with fluoro- 
carbon and concentration by centrif- 
ugation has proved highly useful in agglu- 
tination tests in darkfield preparations 
(Bemkopf et al., 1960), particularly when 
used in fluorescent antibody techniques 
(Nichols and McComb, 1962). 

Allantoic fluid from duck embryos in- 
fected with psittacosis, murine or feline 
pneumonitis, or meningopneumonitis bed- 
soniae agglutinates mouse erythrocytes. 
The serologic reaction with this so-called 
murine hemagglutinin is group, rather 
than strain, specific. The hemagglutinin 
consists of two chemical fractions, a phos- 
pholipid and a nudeoprocefn. The former 
contains lecithin, which is not serologically 
specific but can agglutinate mouse eryAro- 
cyles. Specific hemagglutination inhibition 
takes place in the serum of roosters inf 
munized with purified elementary berdie^ 
indicating that hemagglutinins are associ- 
ated with the bedsonia particle (HiUetnan 
et al., 1951; Gogolak. 1954; Gogolak and 
Ross, 1955; Inaba et al., 1957). 

Tannic-acid-treated sheep erythrocytes 
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sage. In the San Francisco and Louisiana 
outbreaks o£ severe pneumonitis the 
sequence o£ case to case transmission was 
considered new and striking, notwithstand- 
ing that similar transmission chains had 
been described in 1930 (Hamel, 1932). The 
course of transmission was contrary to the 
concept of adaptation; these strains were 
transmitted only from fatal cases and only 
late in the disease. This suggested that a 
strain of unusual invasiveness had met a 
new host for the first time. The questions 
of which bedsonia has adapted itself to 
parasitism in the respiratory tract of the 
human host and whether such adaptation 
is possible remain open. One must con- 
tinue CO look CO birds as the source of 
human psittacosis with interhuman trans- 
mission (Hansen and S0rensen, 1955). 

Experimentol or Indicator Hosts 

Table 23.2 shows the pathogenicity of 
bedsoniae for experimental hosts. 

At least 12 years before it became known 
that the white laboratory mouse 1$ a 
natural host of mouse pneumonitis, this 
rodent was found to be invaluable as an 
indicator host for isolation of bedsoniae. 
The white mouse, readily available and 
relatively safe with respect to infection of 
man, has displaced birds for experimental 
work, except in rare instances when Java 
ricebirds offer advantages. Mice highly 
susceptible to bacterial but not necessarily 
to neurotropic virus infections are pre- 
ferred. Jntranasal administration of an 
avian psittacosis agent has disadvantages in 
iliat it may become contaminated with 
pleuropneumonia organisms and that the 
mice may be latently infected with murine 
pneumonitis (Gonnert, 1942; Nigg and 
Eaton, 1944; dc Burgh et ai., 1945). The 
duration of the illness and the rapidity 
with which death follotvs inoculation de- 
pend on the amount, virulence, and toxin- 
producing ability of the isolate. Intracra- 
nial injection is usually fatal within 4 to 6 
da>s when 0.03 ml. of 50 to 1,000 LD^^ is 
injected. Titrations of isokates from birds, 
given intravenously or inir3])critonca]ly to 


mice, have yielded useful information 
about their virulence. 

AVhen highly virulent isolates from tur- 
keys are injected, death ensues in 2 to 6 
days, with the less virulent in 8 to 15 days; 
some mice recover and most become car- 
riers. In animals infected orally or subcu- 
taneously the course is always protracted. 
They may excrete it in feces and urine for 
up to 10 days after injection; however, 
mice infected with a pigeon isolate did not 
transmit it to uninfected cagemates 
(VVeyer and Lippelt, 1956). Latent infec- 
tion has persisted for 10 to 12 months. A 
psittacosis agent was isolated from mice in- 
adequately treated with antimicrobial 
drugs as long as 9 months after inoculation 
(Hurst et al., 1953). 

Ornithosis, psittacosis, human pneu- 
monitis, meningopneumonitis, opossum B, 
and hamster pneumonitis agents and tissue 
suspensions from naturally infected hosts, 
administered intranasally to mice, produce 
widespread consolidation of the lungs 
(Homus, 19-10; Gogolak, 1953; Kovac, 
1901). The psittacosis infection of tlie 
murine lungs begins as an unspecific irri- 
tation of the alveolar epithelium during 
multiplication of the agent. Then tJiere 
follows sudden onset of specific prolifera- 
tion wjtliin the alveolar wall, exudation 
into the alveolar cavity, and unsuccessful 
repair leading to fibrosis of the walls. In- 
tranasal infection is invariably accompa- 
nied by perivascular infiltrations, granu- 
loma formation, and necrosis in brain, 
heart, liv'er, spleen, kidneys, and supra- 
renals as a sequel to bedsonemia, infecting 
tbsuc descendants of ccto-, ento-, and meso- 
derm germ layers (Kovac, 1961). Discrete 
foci of pneumonia are manifested as limit- 
ing infccthe dilutions of the agents .ire ap- 
proached; tiic areas are gray, almost trans- 
lucent, and are 1 to 3 nun. in diameter 
(Loosli et al, 1918; hfarincscu el a!., i960). 

After they Imvc been adapted to survival 
in the mouse, other bedsoniae induce fatal 
pneumonitis. Intracranial injection causes 
itTitability, ataxia, convulsions, and death 
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turkey isolates by the intratracheal route; 
the resulting infection was fatal to 25 per 
cent of the birds (Pate et o/., 1954). Para- 
keet and pigeon isolates and turkey isolates 
of low virulence inoculated into turkey 
poults by the same route produced neither 
death nor even illness, but specific anti- 
bodies appeared and the isolates persisted 
in the organs for 3 months or longer (Davis 
et al, 1958). 

Virulence 

This term is used in a relative sense to 
define the ability of different strains, in- 
jected with a syringe, to produce death 
from psittacosis or ornithosis in laboratory 
mice or avian species measured in their 
LDgg. The test measures the artificial viru- 
lence of a bedsonia for an animal species. 
It provides inadequate information about 
the pathogenicity for certain species since 
pathogenicity, aside from virulence, takes 
into consideration the tnvasiveness and 
communicability, those ill-defined charac- 
teristics that are involved before the agents 
are established in the tissues or blood 
stream. Differences in the observed infec- 
tive capacity or virulence of individual 
strains or isolates of the bedsonia group on 
application to the tissues of certain hosts 
have been noted since the agents were first 
studied. Meager is the knowledge of patho- 
genicity or the disposition to virulence of 
the species and varieties within the bed- 
soniae. Isolates from human victims with 
severe psittacosis and from the psitCacine 
bird that was the source of the infection 
have exhibited a high virulence for various 
indicator hosts on initial test infections on 
mice, ricebirds, or the chick embryo. 
Benign psittacosis observed here and 
abroad during the past 20 years among 
persons directly or indirectly exposed to 
pigeons, chickens, and ducks tvas, as a rule, 
caused by strains of low virulence for mice 
even after adaptation. In a study on the 
epizootiology of psittacosis in Australia, 
generally overlooked, Miies (1959b) refers 
to an important observation made in 1953, 
that a bedsonia isolated from the enlarged 
spleen of a sparrow (Passer doTnesticus)vfas 


of such attenuated virulence for mice it 
could be isolated only in the yolk sac of 
the chick embryo. This must have been a 
unique observation, since Page and Ban- 
kowski (1959) in California and Illner 
(1961) obtained from nestling sparrows 
caught in East Berlin bedsonlae that in- 
feaed mice with typical lesions in the 
second passage. Two significant obser- 
vations have been made with the isolates 
from turkeys. Severe occupationa] human 
infections in Texas, New Jersey, and 
Oregon lollowing temporary close associ- 
ation with grossly diseased turkeys were 
caused by bedsoniae of high virulence for 
all indicator hosts (Meyer and Eddie, 
1954a). On the other hand, the processing 
of a flock of turkeys that had extensive 
gross visceral lesions caused no human in- 
fections. The bedsoniae isolated from 
these diseased turkeys when first isolated 
and even on passage remained of low viru- 
lence for mice (Afeyer and Eddie, 1956b), 
Similar observations have since been made 
by others in Wisconsin and Minne$ota> 
California and Oregon (Graber and Pom- 
etx»y. 1958; Gale, 1960; Page and Bankow- 
ski, 1959; Page. 1960; Meyer and Eddie, 
1959. 4th ed., p. 526). Already in 1952 scr«> 
logic surveys conclusively proved that orni- 
thosis in turkeys though widely distributed 
in the t/niied States had caused few serious 
explosive outbreaks of human illness. It 
was the epidemiologic study in Selma, Cali- 
fornia, that demonstrated that isolates of 
low virulence for mice are responsible for 
the serum reactions and the anatomical 
lesions on the viscera of the turkeys. 
Though of low artificial virulence in lab- 
oratory tests, the California and Wisconsin 
isolates have wide communicability, as at- 
tested by the high infection rate in the 
flocks. Identical conditions are fully recog- 
nized in ornithosis of pigeons. Subsequent 
investigations in California confirmed 
these facts, but brouglil others to light 
when the isolates from two flocks ol 
diseased turkeys were studied carefuUy. 
Both isolates equally virulent for the chick 
embryo and mice differed greatly in their 
pathogenicity for pigeons and turkeys. One 
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wilhin 3 to 6 days. The meninges are moist 
and deeply injected. Microscopically the 
meningo-encephalitis is characterized by an 
exudate oE polymorphonuclear and mono- 
nuclear cells, rich in elementary bodies, ex- 
tending along the blood vessels into the 
brain. This route is useful to increase the 
amount of bedsoniae in a clean, readily 
accessible form and to demonstrate quickly 
the specific particles, provided the material 
is free from contaminants and is relatively 
rich in elementary bodies. Irradiation with 
ultraviolet rays or cortisone alone or in 
combination failed to heighten suscepti- 
bility in pigeons, but whole body irradi- 
ation as well as histamine did render the 
birds more susceptible (Strauss and Ve- 
cerek, 1961). In fact, in a dosage o£ 0.05 mg. 
to 1.0 rag., histamine phosphate has acti- 
vated some carriers to shed bedsonta (Am- 
stein, 1963). 

Among the experimental hosts used to 
study the pathogenicity of a bedsonia, the 
guinea pig occupies a prominent position. 
It is used to isolate mammalian (bovine) 
bedsoniae, to determine the virulence of 
an isolate, and to provide high-titered anti- 
bodies for immunity studies. 

In guinea pigs most isolates produce 
only a prolonged febrile illness, if that, 
when inoculated intraperitoneally. But the 
toxic Borg pneumonitis, egret, turkey, and 
mammalian (bovine enteritis and encepha- 
lomyelitis and pneumonitis of goau and 
sheep) bedsoniae are highly virulent. The 
animals succumb to large amounu of 
inoculum within 6 to JO days after a feb- 
rile coune of 3 or 4 days, with temper- 
atures as high as 41.4° C., visible illness, 
weakness, and progrejyuye emariaAinxji. Ai 
necropsy, enlargement of the spleen is 
usual; a mucoid, viscous, stringy exudate 
covers the organs, and in a few animals 
pulmonary consolidation involves one or 
all lobes of the lungs. Occasionally pigeon 
and duck isolates may cause fatal infection 
on intraperitoneal injection (Strauss, 1956). 

Some isolates produce fatal meningo- 
encephalitis in rabbits infected by the in- 
tracerebral route; occasionally extensive 
pneumonic consolidation is produced by 


intratracheal injection. Infection of the 
rabbit's eye has produced a violent pan- 
ophthalmitis (Evans and Moore, 1950). 

Cotton rats are highly susceptible to the 
Borg isolate by die intraperitoneal, intra- 
nasal, or intracranial route. Wild and 
white laboratory rats and deer mice are 
not very susceptible. Syrian hamsters and 
squirrels (Citellus beecheyi) may be fatally 
infected with certain turkey isolates by the 
intranasal or intracranial route. Macacus 
rhesus may be infected by the intracerebral 
route; psittacosis and highly toxic turkey 
isolates produce typical pulmonary lesions 
(Rivers and Berry, 1931; McGavran et al., 
1962). A parrot isolate inoculated intra- 
cerebrally led to meningo-encephalitis 
(Rivers et at., 1931). 

The lesions produced iti the rhesus 
monkey by small particle aerosol exposure 
have been discrete and never fatal (McGav- 
ran et al., 1962; Berendt et al., 196^. 

Parakeets from aviaries free from psit- 
tacosis are susceptible to intramuscular, 
intranasal, or intracranial infection. Im- 
mature birds readily contract the infection 
by exposure to sick birds shedding bed- 
soniac in droppings. When death occurs 
during the acme stage, gross findings arc a 
semipurulent coating over the air sac ario 
the inner lining of the sternum, exudate in 
the pericardial sac, a large liver occasion- 
ally studded with areas of necrosis or in- 
farction surrounded by hemorrhagic zones, 
a large spleen sometimes unevenly spotted 
and large soft kidneys; only rarely are 
lesions demonstrable in the lungs (^fo■ 
ritsch and Kovac, 1956). 

Pathogenicity tests on pigeons by intri- 
h? useivl- As a 
rule, isolates from pigeons, but not froiu 
other birds, produce meningitis and fata 
paralysis (Pinkerton and Moragues, 1942; 
Strauss, 1956). Except for the mening^ 
pneumonitis and one murine pneumonitis 
isolate (de Burgh et al., 1945) no tested 
mammalian isolate has been pathogenic 1°^ 
rkebirds, parakeets, or pigeons by auy 
route of inoculation, even with very larg^ 
doses. 

Turkey poults have been infected wit 



turkey isolates by the intratracheal route, 
the resulting infection was fatal to 25 pn 
cent of the birds (Pate el ol., 1954). Para- 
keet and pigeon isolates and turkey isolates 
of low virulence inoculated into turkey 
poults by the same route produced neithCT 
death nor even illness, hut specific aiiu- 
bodies appeared and the isolates peranrf 
in the organs for 3 months or longer (Davis 
el al., 1958). 

Virulence 

This term is used in a relative sense to 
define the ability of different strains, m- 
iected with a syringe, to produce death 
from psittacosis or ornithosis ■“ '“*””“7 
mice or avian species measured m their 
LDkb. The test measures the artificial viru- 
lence o£ a bedsonia for an animal sp^ies. 

It provides inadequate information alwui 
the pathogenicity for certain speciM smK 
pathogenicity, aside from virulence, t^^ 
into consideration the 
communicability, those illdefined charac 
teristia that are involved belore the ag^ 
are established in the tissues of 
stream, Differences in the observed inlec 
live capacity or virulence of individual 
strains or isolates of the POup on 

application to the tissues of certain hosts 
hme been noted since the agents were first 
studied. Meager is the knowledge of pa^o- 
genicity or the disposition » 
me species and varieties within die b^- 
soniae. Isolates Itom human victims with 
SCI ere psittacosis and Irom the pittacine 
bird that was the source of the infection 
have eahibilcd a high v irulence for vaiious 
indicator hosts on initial 
mice, ricebiids, or the chick cmbo<k 
Benign psitlacoiis observed here 
abroL during llie past 20 I''”™""® 
persons directly or indirectly 
nieconi, chiaens, and ducks was, as a nilc. 

'tbat"a“Snia rS'lmmThe enlarged 
spleen ol a sparrow (Paucr doineiuciu) was 
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of such attenuated virulence for mice it 
could be isolated only in the yolk sac of 
the chick embryo. This must have been a 
unique observation, since Page and Ban- 
kowski (1959) in California and lllner 
(1961) obtained from nestling sparrows 
caught in East Berlin bedsoniae that in- 
fected mice with typical lesions in the 
second passage. Two significant obser- 
vations have been made with the isolates 
from turkeys. Severe occupational human 
infections in Texas, New Jersey, and 
Oregon following temporary close associ- 
ation with grossly diseased turkeys were 
caused by bedsoniae of high virulence for 
all indicator hosts (Meyer and Eddie, 
1954a). On the other hand, the processing 
of a flock of turkeys that had extensive 
gross visceral lesions caused no human in- 
fections. The bedsoniae isolated from 
these diseased turkeys when first isolated 
and even on passage remained of low viru- 
lence for mice (Meyer and Eddie, 1956b). 
Similar observations have since been made 
by others in Wisconsin and Minnesota, 

un,! n..-. 


uy ><> TtjsLunsin ana iviinnc 

California and Oregon (Graber and Pom- 
eroy. 1958; Gale. 1960; Page and Bankow- 
ski, 1959; Page. I960; Meyer and Eddie. 
1959, 4ih ed.. p. 526). Already in 1952 sero- 
logic surveys conclusively proved that orni- 
thosis in turkeys though widely distributed 
in the United States had caused few serious 
explosive outbreaks of human illness. It 
was Uie epidemiologic study in Selma Cali- 
fornia. that demonstrated that isolates of 
low virulence for mice are responsible for 
the scrum reactions and the anatomical 
lesions on the viscera of the turkeys. 
Though of low artificial virulence in lab- 
oratory tests, Uie California and Wisconsin 
isolates have 

tested by die high infection rate in the 

flocks. IdciUiml condition, are fully recog- 
niictl m ornithosis of pige^^j Subsequent 
imesupuons m Cahfomu confirmed 

imlat«‘'f^^‘ °*hers to Jighj 
when die isolates fron, ^ of 

discaseil lurkcis studied carefuH)- 

Both ivoDlc* ctiutl 1, 
cinbno and mice ,1.115,^^ gtcatiy in lb'' 
pathogenicity lor pij„„, tt^ 
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(so-called C2 Woodland) was at least 30 
times more virulent for turkeys than the 
other isolate (C* Modesto); the latter iso- 
late was 525 times more lethal for pigeons 
on intraperitonea! inoculation (Page, 
1960). These important observations de- 
serve confirmation before they are used to 
speculate on the ecology of the bedsoniae 
in turkey flocks. However, it is permissible 
to conclude that ornithosis of turkeys may 
be caused by bedsoniae of high or low 
virulence for mice. The latter variant is 
unquestionably responsible for the sero- 
logic reactions encountered in many flocks 
tliat show no abnormal mortality. 

From experience with other infective 
agents it might be assumed that a bedsonia 
of low or attenuated virulence would sur- 
vive best in its natural host. There are 
some indications that this assumption 
holds true for certain pigeon and duck iso- 
lates and to some extent of isolates from 
apparently healthy adult turkey carriers. 
Some from pigeons, even after repeated 
passage, retained their low virulence rarely 
killing more than 10 per cent of the intra- 
peritoneally inoculated mice within 12 
days after the inoculation. However, with 
some isolates from pigeons the mortality 
race is 80 per cent in mice. Experiments 
using the natural host would require 
squabs or poults of uniform genetic back- 
ground. Incidental observations indicate 
that in the “neutral host,” the cmbryo- 
nated egg, some isolates are quite stable, 
others are labile and lose their virulence 
for the mammalian indicator host. The 
entire problem of virulence, and especially 
of changes in virulence under natural con- 
ditions, is of greatest importance and is 
basic to understanding the host-parasite 
relationship. 

In this connection several observations 
on psittacosis in parrots deserve mention. 
During severe widespread epizootics in 
wild parrots of several species in Australia, 
the isolates by Burnet (1935) were ap- 
parently of heightened virulence only for 
parrots (Burnet, 1939). No unusual charac- 
teristics were discernible in their behavior 
after mouse inoculation and no human 


cases were reported from the affected dis- 
tricts. There is no evidence on whether 
the epizootic bedsonia was a variant from 
the same host with enhanced virulence, in- 
vasiveness, and communicability, or 
whether it originated from another species 
of bird. During a survey of four parrot 
species made in South Australia (Miles, 
1959b), 45 per cent of the Adelaide rosella 
(Plalycercus elcgans Adelaide) yielded a 
psittacosis agent from their viscera; the 
epizootic was not fatal and did not affect 
Kakatoe rOsetcaptUa or Psephotus haemato- 
naltis commonly seen in close contact in the 
same tree. Nothing is known about the 
virulence for mice of the isolates from the 
rosellas, but the low communicability both 
for psittadnes and such gregarious birds 
as starlings and pigeons suggests that bed- 
soniae of low virulence are more prevalent 
than those of high virulence. Already in 
1934 it was pointed out that the psittacosis 
agent prevalent in recently captured 
budgerigars was of low virulence but be- 
came highly communicable and virulent 
when maintained in captivity under 
crowded conditions of aviaries. 

The virulence test on the laboratory 
mouse has been used as a means to gauge 
the infectivity and pathogenicity of orni- 
thosis strains in poultry. Titrations of no’ 
lales in the first or second passage given 
intraperitoneally to mice have yielded use- 
ful information. Repeated titrations ^ 
differences between log ID50 and LD50 an 
these may be used to calculate a 
genicity index (Page, 1959c). As the letha- 
ity titer approaches equivalence with th^ 
infectivity titer the index approaches 
A low index indicates high mouse virulence 
and a high index (3 to 4) indicates an m 
fectivity 10,000 times greater than tn 
letliality. In general isolates from human 
infections, parrots, many parakeets, an 
turkeys involved in single cases and m on 
breaks have yielded a low index. Most is 
lates from pigeons, ducks, and a few fm ^ 
turkeys and parrots have yielded nig 
indices. For example, the New 
turkey isolate with an index of 0-34 w 
r^poRsible for 17 human infections. 
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Selma isolate with an index of 1.92 caused 
no infections among 88 employees. Mon- 
real (1960) modified the Page pathogenicity 
test and applied it to two isolates fcroni 
human sputum and three isolates from 
spleen samplings of parakeet aviaries. He 
determined the log ID50 merely by gross 
and microscopic examination, not by sub- 
inoculations of the organs of the mice that 
were sacrificed on the 21 days after inocu- 
lation. In this respect his method differs 
from that of Page, It may yield slightly 
different indices since two of the parakeet 
isolates had lower pathogenicity indices 
than the human sputum isolates. One must 
agree with Monreal that his procedure does 
not appraise the human pathogenicity of 
isolates from parakeets. Numerous tests 
continue to show that turkey and isolates 
with a low index are as a rule involved in 
the epidemic episodes in processing plants, 
while with sporadic cases the index is 
above 2. For the sake of uniformity, dilu- 
tions of the isolate should be made with 
second or third lung passage material from 
mice infected imranasally after enrichment 
of the agent by intraperitoneal inoculation. 
The tests should not be made with isolates 
adapted to mice after initial yolk sac propa- 
gation, 

TAXONOMIC POSITION OF TH6 GROUP 

The taxonomy of this group has been 
critically reviewed by Weiss (1955). Bed- 
son (1959), on the basis of his extensive ex- 
periences, also analyzed the evidence on 
which a taxonomic position could be de- 
cided. He came to the conclusion that 
these agents are itcither large viruses nor 
sn2all rickettsiae. Tliey occupy a distinct 
position between tlie two. Incidentally, 
one characteristic that distinguishes Uie 
rtekettsine from tlic psittacosis agents is 
their occurrence in various arthropods 
under natural conditions. Experiments are 
now being made with feather mites, col- 
lected on clikkcn and turkey ranches hav- 
ing yielded isolates of variable virulence, to 
learn uhethcr tlie insects are true hosu or 
merely {>assi\c vehicles of tiic agent in ilic 
environment of the poultry for many 


months (Eddie ei ah, 1962). A few years 
ago Bedson (1959) concluded from his own 
studies and the observations of others that 
the psittacosis-lymphogranuloma venereum- 
trachoma group of infective agents have 
characters both of viruses and of rickettsiae, 
so providing a link between these microbial 
orders. Since then the superb studies of 
the Moulder school at Chicago and Camp 
Detrick dearly show that members of the 
group structurally, biochemically, and 
functionally are certainly not viruses, but 
bacteria adapted to intracellular parasit- 
ism. However, it must be reserved for the 
future to determine their true taxonomic 
position in the microbial orders. 

ECOLOGY OP AVIAN INFECTIONS 

The ecology of psittacosis in birds of 
show and pleasure, particularly in com- 
mercial breeding and raising establish- 
ments and in pet shops, has been eluci- 
dated, documented, and described (Meyer, 
1942; Meyer and Eddie, 1958c). The infec- 
tive agent is passed from parent birds to 
the offspring while they are dosely associ- 
ated; in parakeets while the young birds 
are still in the nest. Some bwome ill. a 
small percentage (up to 10 per cent) die, 
but the remainder recover slowly and in 
due course seem quite healthy. If stress of 
crowding, traveling, or unsuitable diet up- 
sets the host-parasite balance, they may 
become ill with ruffled feathers and 
diarrhea. The bedsoniae are profusely shed 
in the environment and any cagemate not 
previously infected contracts psittacosis. 
Recovery is rarely complete .and the 
chronic carrier stage in about 10 per cent 
maintains the infection in the breeding 
flock. In poorly managed aviaries, psitta- 
cosis has until recently been enzootic in the 
majority of domiciliated caged psitiacine 
species. There is increasing evidence that 
the infection docs not perpetuate itself in 
the wild psittacine birds through nest in- 
fection. 

Afodern air transportation enable die 
investigator to procure parrots directly 
from die wdd. With the aid of serologic 
tests he can prove that many shipments 
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are entirely free; others may contain very 
few psittacosis carriers and shedders. Dur- 
ing captivity over several months the in- 
fective agent may spread from the carrier 
and cause general illnesses, even loss o£ the 
entire shipment. Limited observations 
made on wild budgerigars (Melopsittacus 
undulatus) throughout Australia liave 
shown that they were not infected. These 
findings on merely 23 birds differ from 
those recorded on the same species held in 
captivity. It raises the possibility that para- 
keets in the wild state are largely free from 
psittacosis and the agent is perpetuated 
through nest infection in rare instances. 
On the other hand there is good evidence 
that fatal and nonfatal epizootics of psit- 
tacosis occur in Australia (Burnet, 1939; 
Miles, 1959b) and South America (Parodi 
and Silvctii, 1946). How to explain those 
observations is quite difficult. Under 
aviary and pet shop conditions an epizootic 
of psittacosis affects most if not all the 
species, ahltough there may be differences 
in susceptibility between different species. 
Evidence for such cross infection is not easy 
to obtain in the wild. Rarity or absence of 
infection in ceitain psitucine species or 
gregarious birds suggests that it cannot 
occur commonly except when a highly vir- 
ulent agent spreads from rosellas to gray 
parrots as in 1938 to 1939. 

Under natural wild conditions cross in- 
fection or transmission from one species of 
bird to another may be expected to take 
place only provided an infecting strain of 
very unusual virulence and transmissibility 
is epizootic (Miles, 1959b). ^Vhether tins 
interpretation is correct requires more 
seardting and sophisticated ccologic studies 
than have been reported. Between 1930 
and 1910, South American and Austra- 
lian importations of parrots were made by 
sea voyages lasting for weeks, often after a 
prolonged holding period after they had 
been caught. Invariably such shipments 
consisted of a variable percentage (up to 
55 per cent) of diseased and infected birds 
with ample evidence of cross infection 
(Meyer and Eddie. 1939b; Meyer, 1962). 
The epizootics were man made and in no 


way reflected the ecologic conditions as 
they occur in the wild. 

At first it appeared that the fulmar orni- 
thosis on the Faeroe Islands had been in- 
troduced. The human disease had not 
been seen on the islands before 1930, and 
bedsoniae could not be detected in Shet- 
land Island fulmars from which the Faeroe 
colony originated (Miles and Shrivasta^ 
1951). The severity of disease and high 
morulity among the women victims sug- 
gested that a psittacine, instead of nonpsit- 
tacine. bedsonia was involved. Rasmussen 
(1938) suggested that infection of the 
Faeroe fulmars came from dead parrots 
thrown overboard from vessels bringing 
the birds to Great Britain and western 
Europe in 1929 to 1930. This speculation 
must be accepted with reservations since 
many water birds are naturally infected 
with bedsoniae of virulence comparable to 
that incompletely studied by Haagen an 
Mauer (1938); the serologic examination 
on the Shetland Islands was done on only 
12 fulmars by the direct complement nx- 
ation test. This test may not have sufiiceo 
to detect an existing infection. The sta 
association of birds with bedsoniae 
over such a wide geographic area and in- 
volves so many species that it is har 
imagine that it has existed only the Icngi 
of time it has been recognized. ' 

nance of the bedsoniae is assured by 
flocking and nesting of birds. Fulrna - 
petrels, mutton birds, domestic 
pigeons congregate and nest together. ; 
become hosts and maintain 
definitely. Bird species of solitary 
are rarely if ever found infected with 
soniae. . 

Enzootic ornithosis in pigeons has 
conclusively proven by many studies 
many places; it is latent and inapp^ 
producing no visible symptoms an 
pathologic lesions beyond an ^*^5^ 
spleen or pericardial lesions. There « £ 
elusive evidence that the bedsomae 
transmitted in the nest. * 

high susceptibility may succumb, o ^ 
recover and become immune, and 
come carriers that shed the ornithosis ag 



in the droppings; during raising of the 
young it is present in the crop content. En- 
vironmental factors may favor either host 
or parasite. If for some reason a high pro- 
portion of the nestlings escape infection, 
they may contract it later and succumb. 
Disturbances in the environment such as 
exceptional tveather, low temperature, 
crowding in unsanitary quarters, and im- 
proper feeding induce relapses of the 
chronic infection. Wherever the ornithosis 
agent is dispersed in large quantities and 
the pigeons are held in crowded quarters, 
the spread from diseased to susceptible is 
rapid. The apparent stability of the re- 
lationship between the pigeon host and the 
bedsonia suggests that it is not oJ recent 
origin. The ornithosis agent with few ex- 
ceptions is of relatively low virulence. 

When ornithosis was discovered in 
chickens, ducks, geese, turkeys, and pheas- 
ants on game farms, the question arose as 
to how incubator-hatched poultry became 
the hose to the ontithosis agents. Nest in- 
fections of the sort proved for psittacine 
birds and pigeons could not be proved, and 
egg transmission in turkeys could not be 
found (D. E. Davis et al, 1957a; Page and 
Bankowski, 1959). The ornithosis agent 
was transmitted through the eggs of ducks 
and the bUck-headed gull (lUner, 1962a, 
Lehnert, 1962). The infective agent may in 
some way persist on the farms, either in 
adult birds or in the soil or bedding of the 
environment, or be introduced from wild 
birds. Present knowledge is meager be- 
cause poultry pathologists and epidemiol- 
ogists have not studied the life history of 
large poultry flocks from incubator-bathed 
e^s through egg-laying maturity. As a 
-vuto:!=..a^ .tlv* .infection sif ,nnitU 7 ' .with .the 
ornithosis bedsoniae, Ortel (1961) suspects 
a homogenous-heterogenous infection 
chain which he expresses as follows: 

Wild bird species <- Poultry -* Poultry -♦ 

(sea gvills, petrels, (ducks, geese, 

feral pigeons, chickens, 

herons, sparrows, pigeons, and 

migratory birds, etc.) turkeys) 

i i 

Man Man -» (Man) 


Pigeons 

These fall into four groups— poultry 
pigeons, carrier and racing pigeons, fancy 
pigeons, and feral pigeons. Their wide dis- 
tribution has made them readily accessible 
subjects for study. Pigeons, probably 
originally the rock dove in Europe, have 
been partially domesticated and carried to 
all parts of the world. They have adapted 
to living in close association with man, and 
they are readily bred in lofts to produce a 
variety of plumage or to provide squabs for 
the table. Their homing instincts are used 
for practical purposes as carrier or racing 
pigeons. Terhaag (1956) described how 
transportation of racing pigeons in baskets 
by train from Germany to southern France 
for the racing season and the sudden re- 
lease of 10,000 to 20,000 birds created in- 
fective dust and spread the infection. In 
West Germany breeders of over 100,000 
racing pigeons have created an epidemio- 
logically important reservoir. The demand 
for squabs as luxurious table birds has led 
to high production on certain farms, some- 
times housing as many as 5,000 breeding 
birds. The flocking and nesting of wild 
pigeons through all months of the year 
bears directly on the persistence of ornitho- 
sis (D. J. Davis, 1955; Shaughnessy, 1955; 
Fritzsche et aL, 1956). 

An excellent description of ornithosis in 
a self-contained pigeon flock at the Field 
Station o[ the Agricultural Research 
Council in Great Britain was given by 
Hughes in 1947. 

The distribution of the infection within 
diSerent age groups is significant. It 
mainly affects birds under 16 weeks of age. 
Qf the .IfiTtviek^tld.spuabs. jir.spucakers, as 
many as 20 per cent either may die or, 
when sacrificed, may show lesions of orni- 
thosis. When processed for the market 
they may show extensive plastic exudates 
on the air sacs and over Uie heart and liver 
(Hughes, 1947). So-called wet squabs 
suffering from diarrhea may be affected 
with either ornithosis or salmonellosis. 
The incidence of these two infections was 
60 and 62 per cent respectively in S52 birds 
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The kno\vn and reported incidence and 
geographic distribution among domesti* 
cated and wild pigeons, according to sero- 
logic sur\'e)5 and bedsonia isolations, was 
first published in the 1959 edition ol this 
book. At that time 18 countries on every 
continent had listed a \arying percentage 
of reactors and isolations of the agent caus- 
ing columban ornithosis. Now the number 
of countries s\here this infection has been 
recognized has risen to 25. Additional sur- 
vc>s hate not been made in the United 
States. A summary is included in Table 
23 3. 

Ornithosis is a cosmopolitan, enzootic, 
principally inapparent infection in do- 
mesticated and feral pigeons. According to 
serologic survc)s (he proportion of reactors 
may range from 10 to 50 per cent, depend- 
ing on the age of the birds and the comple- 
ment fixation technique used. The per- 
centages of reactors in adult birds may be 
higher when the indirect test is used. Iso- 
lation of bedsoniae from reactor birds has 
been successful in about 40 per cent of the 
attempts. Bedsoniae have been isolated 
from pigeons with no complement fixing 
antibodies (Nfeyer, 1941; Terzin ft al., 
1057); at the time of death, the only evi- 
dence svas a slightly enlarged spleen. The 
cndemicity among feral pigeons is roughly 
the same in Chicago, Baltimore, and New 
York 35 it IS in Paris, Geneva, Hamburg, 
and Lherpool. 

Certain commercial squab farms under 
excellent sanitary management have had 
much lower carrier rates and correspond- 
ingly fewer mortalities among squabs than 
liie poorly run lofts of occasional breeders 
or fanciers. 

In Holland, with a millon people, omi- 
tliosis is widespread In the course of 
examination of about 20,000 domesticated 
pigeons, Jansen (1955), director of the 
Pigeon Healtli Service at the Institute for 
Infectious Diseases at tlic state university 
at Utrecht, in 1954 found evidence of the 
infection in 16.4 per cent of 2,637 pigeons 
brought to (he clinic and examined there 
on account of visible illness. Respiratory 
symptoms and conjunctivilb were pre- 


eminently associated with ornithosis in rac- 
ing pigeons; white fancy pigeons seem 
more likely to shotv intestinal disturbances. 
A sharp seasonal rise in September and 
October coincided with the beginning of 
the racing and exhibition season when 
large numbers of young birds came togeth- 
er for the first time. In isolated small flocks 
with a few carriers the incidence of acute 
disease was usually lower. A selection of 
504 racing pigeons was made from 102 
flocks during the winter months when they 
were not travelling and acute infection 
could be excluded. The sera of these birds 
were examined in the direct complement 
fixation test In the presence of bedsonia 
antigen. Accepting a titer of 1:32 and 
higher as indicative of infection, 77 (75 
per cent) of the flocks svere infected. If 
titers below 1:16 were considered, an addi- 
tional 8 (7.8 per cent) were listed as sus- 
picious; only 17 (16.67 per cent) of the 
flocks were free from ornithosis (MonreaJ, 
1958). 

In the United States infections have re- 
lapsed and become acute in pigeons fed 
thiamine-deficient diets (Pinkerton and 
Swank, 1940) or housed unhygienically 
{Meyer and Eddie, 1942). An outbreak of 
ornithosis (Smadel e( at., 1943a) and an epi- 
zootic in a pigeon platoon (Smadel el ai, 
1945) disclosed a new virus, imraunologi- 
tally different from the psittacosis bedsonia, 
that produced intranuclear herpeslike in- 
clusions and local necrosis of parenchyma- 
tous tissues. The malady at first affected 
adult birds, but later was limited to birds 
1% to 5 months old. 

In other studies of lofts where pigeons 
have died of ornithosis, concurrent salmo- 
nellosis has been found. It is then impossi- 
ble to determine which infective agent 
caused death. 

Ducks 

Ornithosis has been enzootic and for the 
most part clinically inapparent in ducks in 
the United States (Meyer and Eddie, 1952: 
Korns, 1953). 

A bedsonia of low virulence for mice and 
causing a carrier stage in pigeons on inira- 
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cerebral inocuhtion leaj recovered Irom 
ducks ot all ages, ihe youngest only 4 days 
old. Sick or dead ducks from /locks sirs- 
peered to be infected stere tested and about 
30 per cent yielded bedsoniae. In one 
(lock ducklings (51 per cent) had gross 
anatomical lesions, and the mortality rate 
was higher among ducklings than adult 
birds. Newly hatched ducklings probably 
contract the infection when brought to un- 
sanitary premises where infected adults are 
kept. Since only very few duck farms have 
been conspicuously involved with human 
infections, the incidence is not known. Co- 
existence of ornithosis with duck virus 
hepatitis, salmonellosis and pasteurellosis 
may complicate an cpizooliologic picture 
{.Xfejer and Eddie. 1952; Korns, 1955). 

I’arly serologic studies (Eddie ami Fran- 
cis, 19(2) in Michigan were indirectly con- 
firmed when investigators in Chic.vgo dis- 
covered that 5- to S-day-oId ducklings re- 
ceived (lom a neighboring state were in- 
fected with a bedsonia The ornithosis in- 
fection apparemW conferred a marked re- 
sistance to a challenge dose of Plasmodium 
lophurae malaria parasites. The resistance 
vvas associated with increase of leticu- 
loendoilielial elements m the enlarged 
liver and spleen due to the ornithosis in- 
fection (Jacobi, 1937). 

Interest III ornithosis of ducks has shifted 
to Europe. Since the reports arc not avail- 
able in English, some details are given. In 
19J3 Terskikh {1957b) in the U.S.S.R. 
studied 5 outbreaks of human psittacosis in 
poultry processing plants where Peking 
ducks that looked normal were defeaihcicd 
and eviscerated. 

Bedsomae vvcrc ivnlajej Srom the fhef 
and spleen of 3 of 8 ducks from a breeding 
farm in Austria; the isolates on intraperi- 
tonea! inoculation of the duck tissues 
caused death of the mice on days 4 to 6. 
Microscopicaify the agent could not be dis- 
tinguished from a parakeet bctlsonia. 
Cleaning of the duck pens had caused clini- 
cal pneumonitis in G attendants serologi- 
cally diagnosed as psittacosis (Fiirst et at 
1957). 

A steadily increasing incidence of atypi- 


cal pneumonia among employees of 
poultry farms in Czechoslovakia since 1949 
led to a systematic, comprehensive, and ex- 
ceedingly well-conducted investigation of 
ornithosis in clucks. Isolation of a bedsonia 
from sputum of an infected poultry feeder 
in f95S (Trojan and Strauss, 1955) led to 
investigation of 104 cases of pneumonitis 
solely among workers in a processing plant 
engaged in plucking ducks and geese. Over 
80 per cent of the patients were pluckers; 
Olliers fed and killed poultry. In 1955, epi- 
demic and epizootic ornithosis broke out in 
Bohemia and in Moravia; in a district in 
central Bohemia, 600 of 2,000 ducklings 
died. Two bedsoniae were isolated (Strauss, 
I93G). Further isolations were made in con- 
nection witfi outbreaks among dairy and 
poultry farmers who came in contact with 
newly hatched infected ducklings. In 3 of 
35 apparently healthy mature ducks, which 
in the summer of 1955 had shown clinical 
signs of acute ornithosis, the bedsonia was 
isolated during the summer of 1956 
(Strauss, 1057). 

In the course of these studies a bedsonia 
was isolated from black-headed gulls (Larus 
ridibundus L.); large numbers of such 
gulls died during the summer on fish 
ponds in eastern Bohemia where ducb 
were bred. Tliey may have been the source 
of the ornithosis in the ducks (Strauss. 
1950; Strauss oi al., 1957). Pursuing the 
spread of ornithosis by importation of in- 
fected ducks from Bohemia to eastern 
Slovakia. Hungary, and East Germany, the 
Czech investigators recognized that the an- 
nually recurring epizootics of duck orni- 
thosis caused botli large economic losses 
tutKmg the ducks and a consi>i<fra5.V 
number of human infections, some fatal. 
At least 10,000 duck embryos were lost and 
nearly half of the 30,000 hatched ducklings 
died. Purchase and distribution of hatch- 
•ng eggs and breeding stock without veteri- 
nary control is blamed for this. Hospitali- 
sation. ambulatory treatment, and tedious 
prolonged convalescence seriously m' 
capacitated the working force on the farms. 
Detailed study of one farm where the ducks 
Were raised on 7 uncovered natural fish 
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TABLE 23B 

COMPLEMZST TiXATION RiACnOft ASO ISOLATlOli OF 

ORsnuosis Agent Fbo« Poets* 


Indirect 

C. F. Titer 

Number 

Number of 
Isotauons of 
Bedsonia 

Negative 

17 

6 


4 

D 

1:3 


0 

1:16 



Proione 

1 


Not tested 

18 

7 

Total 

43 

IS 


• Data of Strauss tt al., 1958. 


ponds revealed that 1.350 of 7.000 duck- 
lings (2 to 4 weeks old) had died in 2 
months; during June at least 600 had 
perished. Clinical examination disclosed 
symptoms of ornithosis in 1950; from a 
sample of 43 ducks, 15 yielded a bedsonia. 
The relationship of the results of the in- 
direct complement fixation reaction to the 
isolation attempts (Table 23.5) confinns 
that in acutely infected immature birds 
the antibody tilers may be low and that the 
bedsonia may be isolated from ducks with 
no demonstrable antibodies in the periph- 
eral blood. 

Importation of 18,000 ducklings under 
unfavorable hygienic conditions and long 
distance transportation to poorly de- 
veloped facilities resulted in 100 per cent 
mortality on one farm and 60 to 70 per 
cent on others (Strauss and Reistetier, 
19G0). In C poultry hatcheries 105,000 
ducks were incubated; only 63.000 duck- 
lings were haiclied, and death or elimi- 
nation due to poor growth reduced this 
number ca 30,000 ducklings Onsllf raised. 
Of 10 employees in close contact with lire 
birds 8 contracted psittacosis. 

Workers in the Stale Institute of Vcieri- 
nary Science in the coune of epidemiologic 
studies on ornithosis in eastern Slovakia 
from 1953 to 19G0 observed that tire infec- 
tion appeared in seasonal ouibreaXs usu- 
ally connected wiiit importation of larger 
shipments of poultry for breeding. Epi- 
zootics in diickens svere combined with 
outbre.iks of pox. cholera, and coccidiosis 
(about 3 per cent). Disease in Use duck- 
lings was always accompanied by severe 
s.dmonellosjs which caused losses up lo 90 


per cent. Breeding had to be discontinued. 
On farms under proper hygienic condi- 
tions, ample feed, and good care, losses 
were minimal. 

In the investigations by Polony and his 
associates (1960), 314 avian specimens from 
78 localities were examined; bedsoniae 
were isolated from 14 hens and chickens, 6 
ducks, and 1 partridge. The highest inci- 
dence of infection, always along with 
salmonella (typhimurium, anatts, and 
eHteritidu), occurred in ducks from May 
through July. 

In 1958 and 1959 in similar outbreaks 
with heavy losses in the ducklings, but no 
illness in the adult ducks, 4 persons in 
Roumania handling the birds contracted 
ornithosis. The bedsonia isolated was 
pathogenic for mice and chick embryos but 
not for guinea pigs nor for pigeons by the 
intracerebral or intraperitoneal route 
(Popovici and May, I960). 

In 1955, members of families in the 
U.S.S.R. who had bought ducklings 2 days 
old contracted psittacosis (Krivinka, 1959). 

The ornilhosis agent has been demon- 
strated in 5 ducks in Roumania (Sarateanu 
el aU 1960). 

Fritrsche and his colleagues (1956), de- 
scribing the illness of a 41-year-oId woman 
who worked as a plucker in a poultry 
processing plant in Germany, stated that 
adult ducks from Holland, having suffered 
as ducklings from "duck plague,” were ap- 
parently responsible for the apparent and 
many inapparent (50 per cent) infections 
ia butchering and eren office person' 
net. 

The rapidly rising rate of psittacosis 
since 1957 in workers connected with duck 
fattening or poultry processing in the East 
German Republic initiated thorough epi- 
demiologic studies. Surveys with the direct 
complement fixation lesi on 1,428 serum 
samples collecteil from ducks on 70 dilfer- 
ent farms disclosed 223 positive (>1:10). 
100 suspicious (a: 1:10). and 1,095 negative 
reactors. Thirty-five lanns were considered 
infected, five others were placcil in the sus- 
picious class; 42 per cent of the infected 
farms were breeding farms; 57 per cent 
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;»cte fancning csiablUhnients (Lchnert and 
llillc, 1900). Indirect complement fixation 
tali on wruHi s.iinplcs of ducks delivered 
lo a pcmlirv prcxievsing plant W. in District 
I) in Lci[«ig in lijst Genn.iny shotted that 
of 20 farms liousing from 100 to 1,170 
ducks, 10 (aims vsere infected with ornitho- 
sis. Breeding and fattening establishments 
furnished from 5 to 50 latent infection re- 
actors irres{)cctivc of the size of the flock or 
the general sanit.ition. No rclaiioiuhip be- 
tween infection and management of the 
farms could be established, but introduc- 
tion oi ornithosis through infected eggs is 
suspected (Voigt el al. 1962). 

Some obstrvers working in East Germany 
{Kukowka ft <rl, I960,' Sregmunil. 1900) 
emphasized that orniiliosis in ducks dicrc 
h.rs run a clinically inapparcnt course, that 
losses on the farms have been ss-ithin e.x- 
|>ccted limits (S to 13 per cent) and that 
ducks as a source of infection have Ikci) 
recognized on(\ after single or group 
iuiman infections. In this resiKct the ex- 
jiviicnccs in East Germany dufer from 
those rc])ottCsl Irnm Czechoslovakia, Rou- 
niani.i, iliingars, and clscvvhcrc Oriel 
tl9t)0), in lonneciion ssiih his serologic and 
rpidctnuilogic studies on an orniiliosis epi- 
demic among the cmplosecs ol a i>oultry 
processing plani, rc|)ortcd that he could 
Hot iwilaic bedsonia from organs of ducks 
fiuiii regions ongmalls cimsidercd infected 
Jjccjuse of the resiilii of earlier tnslirect 
complement fixation tests conduricd bv the 
Vcttnn.-iry Health Sersues The ducks 
s»cfe jircKCsscd in a jioulcn siaughtcthotisc 
in Ikillc. Bcilsoniac were isolated on 
feathers and in excrements lollccird m the 
jiiotcssinj: .nlani .(Ortef. fOirflsy Xliry x»r.ri- 
also found in the sputum and throat svash- 
ings collected during the fust few days ol 
illness from 10 of 35 patients. It s»as dilli- 
cuh to maintain bedsonia ol duck origin in 
mice alter the first passage: none ol the 
isolates produced fatal inlcciions. but dicy 
did cause {scriioncal lesions and micro- 
scopic particles in the cells of the peri- 
toneal exudate (Ortcl. personal communi- 
cation). Evidently the bedsoniae studied 
were of lour pathogenicity. In a report 


Ortcl (19G1) summarizes the ornithosis situ- 
ation in the DDR (German Democratic 
Republic). He lists the number of human 
infections due to contact with poultry, 
principally ducks, as follows: 1958, 23; 
1959, 110; J9C0. 681; J96J, 385; 1962, 160 
with monthly peaks in August, September, 
and October. 

Ill a systematic study of dead and sick 
ducks from a duck breeding and fattening 
installation (Illner, 1962b) bedsoniae were 
isolated as follows; in the second mouse 
passage from the enlarged spleen of an old 
ducK hen that also had inflammation of the 
air sacs and oviduct; from 6 of 21 ducks 3 
to 8 weeks old in eitlier first (1), second (1), 
or third (1) mouse passage (salmonellosis 
and aspergillosis were also present); and 
from 5 of 15 visibly diseased ducklings 
(shortly after hatching to H days of age) in 
the first to third passage. The remaining 
10 ducklings proved free from bedsonia 
yicldcti SahnoueKa lyphimuritnn and S. 
btcJcncy. Young and old laughing gulls 
(Lotus ndtbxiiidus) were also proven in- 
fected with bedsonia: 2 old birds in third 
mouse passage; pools of organs from several 
gull chicks (killed 4 to G days after hatch- 
ing) in the first or second mouse passage, 
producing peritoneal exudate, splenic 
lumor, and liver necrosis. 

Bedsoniae isolated from ducks and gulls 
v\ete moderately patliogenic for mice, and 
despite suspicious gross lesions in older 
birds, Uie agent was more readily demon- 
strable in the organs of ducklings than of 
aduit birds. The wild mallards and (able 
ducks present on the farm did not yield 
bedsoniae. However, the pool of 10 eggs 
•twvw JL-jwawiVr •■luviV eawv'avvwA* Jtfd- 
soniae. Egg albumin, allantoic fluid or 
yolk sac material, embryos or liver of em- 
bryos removed under strict aseptic condi- 
tions from one gull egg without and one 
with embryo, and 2 pools prepared from 
unincubated duck eggs tested on mice pro- 
duced serofibrinous peritonitis, enlarged 
spleen, and necrosis of the liver in mkc of 
the second passage; microscopic findings 
were typical of those in an infection with 
a bedsonia of iow virulence (Illner, 1962b)- 



In another study (Lehne" 1962) « egp 

trom ornilhosis-inlected duck 

a days caused bedsonia les.ons m .».« 
of the third and fourth 
9 ducUinss killed at the tunc of halclimE 
Ls“Le"d infected. The -"Tacti 
tained when inoculated into the yolk »c o^ 
6-day-oid embryonated ch^icken egg 
the embryos on the sixth to eigh h days, 
large^uSbers of ornithosis parttcles t.ere 
demonstrable in smears. 

To ascertain svhether in water fowl the 

bedsonia localizes in the ovaries and paBCS 

through the egg and thus maintams ^the 

infection requires mote field , 

oratory study. Some earlier 

attem^s to demonstrate 

sage in pigeons (D. ]. Davis. !555.Jntrs®e 

el ol.. 1956) and turkeys (Davis el al., 1957a. 

Page and Eankowski, 1959) were unsuccess- 

“ „ Cteehoslovakia almost M 
in the 1955 outbreak (SerV el al.. >95’) I'P 
duck, from the same ,f"c“ j 

(1956) suspected that the j 

been contaminated by eggs infected 

through transovarian ^,.<-1.0. 

Investigators o£ a poultry m Oech 
Slovakia where ornithosis and 
had prevailed for some time (S^ 

StranSs, 1957; Stranss el at., 1957)^ 

covered a conenment 
among young black-headed gu 
nesting grounds in the ™““1' ‘ 44 
farm The organs of ol ot me 
gulls' harbored S-'m™'"? , 

^„o of 15 young gull. 7““^ ““““ 

in mouse inoculation tests. The , 

called attention to the danger 

losis and ornithosis being conveyed W 

from their breeding 

farms. They did not s'^SS«t the pM«b ^ 

that gulls feeding on dead 

quenting the duck pens may 

duced die infection into the youi^ gu 

athrnhrmation of the high htd^t.^ 
of ornithosis and salmonellosis m ^lls_^^ 
East German workers, the ecologic 
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ship between clucks and other water fowl 
dmmes further study. Ducks may be bred 
mSi ponds simultaneously frequented by 
aLsforgulls. During the breeding season 
S fo a^ld bird reserve adjacent to two 
^ick breeding farms were found to be 

"f.L'"dSroiL?:;M\X5 

=-== 5 ^ 2 : 

rKo;"p.l"nf?;.lony 195I). TheviabiiUy 

?oTint? th’e pond^waur nS 

STowTrorate . Ptincip.1 

S^lte been studied to learn 

S microsUic appearance 

?Str /senier ' ani Eddie 

rhrro1aresarro"™hme 

£:S'.S«andemh^.yo„i.te^^^^^^^^^^^ 

“da;1‘’";tL p«-scity 
S-pSSSmeningoen.ph^^^^^^^ 

S^rssrrsiaS:; 

a duck isolate from , . ^ut did not 

aduck isolate from Michigan^. ^ 
neutralize a pigeon 
gens. 5 isolates tested all gave g 
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actions. Antigens specific for duck isolates 
have not been demonstrated, and conse- 
quently their relationship to the isolates 
from gulls and their eggs cannot be cvalu- 
ated. 

Turkeys 

Investigations that followed the out- 
break of psittacosis in a poultry processing 
plant in 1948 inductively incriminated 
turkeys as the most likely source of the in- 
fection. The workers did not recall the 
processing of any unhealthy birds; in fact 
they said that the turkeys had been in un- 
usually good condition (Irons et al., 1955). 
Three years later after two additional 
human outbreaks, attention was focussed 
on a flock of turkeys with an illness un- 
diagnosed for some time. Autopsy of tivo 
turkey hens showed cloudy thickened air 
sacs, brownish fluid in the peritoneal cav- 
ity and fibrinous pericarditis. Bedsonia 
was isolated from the pooled tissue sus- 
pensions from each bird (Doney ct al., 
1952). This isolate was a highly toxic, ele- 
mentary body agent with a broad host-in- 
fection spectrum. In toxin- and infection- 
neutralization tests it was distinct from iso- 
lates from psittadne birds and pigeons and 
from mammals; it is in some respects like 
the egret and Louisiana (Borg) pneumoni- 
tis bedsonia (Meyer and ^die> 1953). 
Similarly toxic isolates have been found in 
flocks in New Jersey (Beaudette et al., 
1956), Oregon, and Vancouver. 

In the intervening Ifl years, either iso- 
lations or serologic tests have revealed orni- 
thosis in Arizona, California. Massa- 
chusetts, Michigan (Mack, 1955), Minne- 
sota JPomero;v et al,. 195.7^). >lew j£Tf£^ 
a bedsonia of low virulence (Jllner, 1962b). 
(Beaudette el al., 1956), Ohio, Oregon 
(Osgood et al., 1956), Vancouver, British 
Columbia (Bowmer, 1958), in Alberta (Carl- 
son et al., 1961), and New Mexico (Francis, 
1960), Processing plant epidemics con- 
tinued in Texas in 1951, 1952, and 
1954 (Irons et al., 1955) and again in 1961 
and 1963 (Rich, 1962; Rich et aL, 1962; 
Peavy and Dickerson, 1963). Details on the 


last two episodes in Texas, involving II 
employees, are not available. 

During October, 1954, some turkeys in a 
flock of 2,100 in New Jersey had mild 
respiratory symptoms and diarrhea. After 
an illness lasting 5 to 6 days some birds 
died, and the total mortality reached 50 to 
60. In November, inoculation of embryo- 
nated c^s tvfth material from 4 dead birds 
yielded a highly virulent toxic isolate 
(Beaudette el al., 1956). Isolates from this 
flock were found at the Hooper Foun- 
dation to be indistinguishable from those 
from Texas and Oregon flocks. Poultry 
farmers and processing plant employees 
became infected through contact with this 
flock. 

Attention was first called to the possibil- 
ity of ornithosis in an Oregon flock in Feb- 
ruary, 1956, when the State Board of 
Health was notified by Veterans Hospital 
in Portland that a patient willi symptoms 
suggestive of ornithosis had been exposed 
to turkeys (Osgood et al., 1936). This led 
to the discovery of 3 infected flocks on 
Sauvies Island near Portland, and in 2 
(SK and J) of these flocks epizootics ran a 
particularly destructive course (mortality 
rate of 25 to 30 per cent). Because the in- 
fection in the flock was diagnosed during 
the epizootic, it was possible for the investi- 
gators to observe its course. Dead birds 
from the flock had been examined when 
illness was first observed in December. The 
clinical characteristics suggested erysipelas, 
but no evidence of this was found, and 
further diagnostic efforts were not pro- 
ductive (Dickinson et al., 1957). Birds con- 
tinued to die and during the unusually wet 
•vtvWftr Ah? pvogracreif. dh? Aswr 

the diagnosis was made the whole flock was 
heavily infected, many sick and dead birds 
could be seen, the premises were ex- 
tensively soiled witli toppings, and care 
of the flock had become a great burden. 
Treatment with tetracycline compounds 
in the feed improved the clinical situation 
but did not completely clear the organs of 
all birds of the bedsonia. Attempting to 
cope with such an outbreak in the absence 
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of the necessary detailed knowledge and 
policy is strenuous and disappointing to all 
concerned. In December, 1956, the in- 
fection reappeared in the breeding flock on 
one of the farms. Although it was treated, 
persistence of the agent in. the tissues of the 
tested sample made it necessary to destroy 
the flock and compensate the owner, ac- 
cording to regulations enacted in the inter- 
vening months. 

In December, 1957, the inspector in an 
Oregon plant condemned about a quarter 
of the hearts and livers of turkeys from 
another flock previously unsuspect^ of in- 
fection. A moderately virulent bedsonla 
was readily isolated from organs examined 
by a poultry laboratory. Periodic illnesses 
among the flocks were treated with medi- 
cated feed (terramycin, 200 gm/ton). In 
March, 1958, the poultry inspector re- 
moved the hearts and livers from 2 of 8 
turkeys sent from the J ranch for process- 
ing. The lesions yielded a virulent bed- 
sonia. Sera of a sample of turkeys reacted 
in dilution of 1:256. Chemotherapy lor 
varying periods and doses of from 200 to 
500 grn/ton were given until May when 
the entire breeding flock (1,189 hern and 
65 toms) was processed. From 25 to 40 per 
cent of the hens and only 4 to 5 per cent of 
the toms shoved lesions; 15 per cent of the 
toms had heart lesions. The agricultural 
authorities ordered destruction of the 115 
turkeys remaining on tire farm- 

During 1959 the infection was again 
found on the J ranch. A virulent bedsonia 
svas isolated from the viscera of culled and 
dead birds. In March, 2 sea gulls shot on 
the premises proved infected. A sample of 
the flock on a neighboring ranch (SK), pre- 
viously suffering from ornithosis, showed 
22 per cent reactors. Six of 146 tissue speci- 
mens collected during processing of tur- 
keys from the J ranch were infected with a 
virulent bedsonia. By December, 26 per 
cent of 62 blood serum saiapJes Irom tur- 
keys of the same flock set aside for breeding 
proved positive. Visibly sick birds observed 
from January to April, 1960, reacted in the 
IGF test, and bedsonia was found in grossly 


diseased tissues. Late in December, 1961, 
turkeys were inspected and sick birds were 
not seen on the farm, but when processed 
suspicious lesions tvere observed. In Febru- 
ary, 1962, a bedsonia of low virulence was 
found in S lots of birds from J ranch; dead 
or sick turkeys had not been seen in the 
course of several inspections. In the IGF 
test of blood samples (32) taken in April, 
1962, during processing of the flock 14 re- 
actors were revealed (>1:32); in further 
blood samples collected in June the reactor 
rate was similar in 21 turkeys. The bed- 
sonia from 4 of 7 tissues with lesions failed 
to infect mice by the intraperitoneal route 
and was fatal only by the intracerebral 
route in the dilution of 10-t and 10'*. The 
pathogenicity index determined with the 
second mouse passage was 4, indicative of 
low virulence. 

The J turkey ranch was under obse:^ 
vation for 6 years, and ornithosis of vary- 
ing clinical severity reappeared annually 
in older poults and the breeding stock. 
The infection in epizootic form was in- 
variably reflected in the direct and indirect 
Complement fixation tests which showed 
(hat as high as half of the flock had been 
infected. Until 1961 a highly virulent bed- 
sonia was in the gross lesions discovered 
when the birds passed over the processing 
lines. Supervision of the ranch was very 
dilficult. When a shift from virulence to 
less virulence took place is not kno>vn. 
Poults though dinicany well had visceral 
lesions in December, 1961, and a sample of 
serum collected while they were being 
processed showed a 40 per cent infection 
rate. Not until June, 1962, were organ 
specimens suitable for animal inoculation 
obtained. Apparently a bedsonia of low 
virulent* evoh-ed in poults growing up in 

1961, and since the breeding stock was 
Selected from the flock, the same agent was 
present when the adults were processed in 

1962. For 6 years ornithosis tenaciously 
persisted on the J ranch. One would like 
to know the factors that maintained this 
niche, and in particular those responsible 
for the shift in virulence. The discovery 
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that pools ol ground feather mites {Glyco- 
phagtdae) removed from litter collected on 
the ranch after it had been depopulated 
of turkeys in 1959 carried a virulent bed- 
sonia suggests that ectoparasites may in 
some way be involved in maintenance of 
the infection on turkey farms. 

In 1958 a turkey ranch in New Mexico 
experienced a mortality of 300 birds in a 
flock of 2,200. The sick turkeys had diar- 
rhea and cyanosis and pericardial and air 
sac lesions typical of those in ornithosis. A 
bcdsonia was isolated by inoculation of 
allantoic cavity of embryonated eggs ivith 
suspensions of pericardial exudate. It was 
fatal to chick embryos on days 3 to 8. 
Tetracycline ilierapy (200 gm/ton of feed) 
reduced die moriahty to I to 2 birds a day 
after the fifth day of treatment. Later the 
disease was completely arrested. No one 
contracted the illness from this flock (Fran- 
cis, 1960). 

In May, 1957, a poultry-processing plant 
Diitbreak in Canada led to isolation of a 
bedsonia from the only bird remaining on 
the farm in British Columbia from which 
the flock originated. The ovtner reported 
that the flock had been sick in February 
(fiomner, 1958). Serologic tests (up to 25 
per cent positive) conducted on five turkey 
flocks and isolation of a bedsonia from ster- 
ile purulent pericardial exudate fatal to 
mice on intracerebral (but not intraperi- 
toneal) inoculation and from newly 
hatched turkey poults proved the existence 
of ornitiiosis in Alberta (Carlson et al., 
1961). 

Ecology of turkey ornitiiosis had not 
been studied very thoroughly. With few 
exc^Dtiotxs the invest^atnr jareiji .had j.he 
opportunity to collect data on the events 
that preceded the arrival of an infected 
flock of turkeys at a processing plant. Sero- 
logic and microbiologic examination made 
at the time the birds were processed or sub- 
sequently on the ranch where they had 
been raised proved that ornithosis due to 
bedsonia of high or low virulence was epi- 
zootic. When and how the infection was 
initiated and how long it had prevailed 
among the poults late in the year or among 


the adult breeding flocks in spring and 
summer could not be leained. It is worth 
noting that 10- and M-week-old poults were 
found infected in June (Davis and Dela- 
plane, 1955). Since the droppings of 
acutely diseased birds yield the parasite in 
abundance, the feathers and the immediate 
environment heavily contaminated would 
certainly facilitate interbird exchange. 
Within a few sveeks after the illness is first 
noticed, between 20 and 50 per cent of a 
turkey flock may reveal serologic evidence 
of infection. The natural mode of trans- 
mbsion has not been definitely determined. 
Turkeys exposed to infective aerosols be- 
came acutely diseased, and 15 per cent 
died; ingestion of a bedsonia produced in- 
apparent infection followed by abundant 
shedding of bedsoniae. It was reasoned 
that ingestion is the most likely mode when 
the epizootic develops slowly; airborne 
spread by desiccated infected excreta is 
more likely when the disease spreads 
rapidly (Page, 19593). In an experiment by 
Davis and Delaplane (1955) healthy poults 
were exposed to the air current collected 
from a pen in which artificially infected 
turkeys were held. None developed the 
disease, and the bedsonia could not be re- 
covered from the tissues after an ob- 
servation period of S weeks. In vieiv of the 
observations made on pigeons, in all prob- 
ability the turkey bedsonia may infect the 
host by the respiratory and the intestinal 
routes. 

Spot serologic surveys in 1954 and 1955 
in 1 1 states in which a complement fixation 
liter of 1:16 was considered indicative of 
present or past ornithosis showed that ex- 
esjsv* AT iViva" Jiiu’ NhaVingiUix rmnsy iftsv-k' 
were infected. In 1957 a survey of 8 flocks 
ranging in turkey population from 350 to 
1,761 birds indicated that 8 to 58 per cent 
(average 22 per cent) had antibodies to the 
psittacosis group antigen (Meyer and 
Eddie, 1957, unpublished data). Several 
thousand sera collected from turkey flocks 
in areas in Wisconsin and Minnesota where 
ornithosis had been proved yielded 18 per 
cent reactors with titers of 1:8 to above 
1:128. Similar tests on flocks in different 
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parts oE Minnesota yielded Eew low-titer 
reactors, but in 1957, 15 per cent had titers 
similar to those in 1954 (Pomeroy et al., 
1957). 

Some similarities o£ turkey to pigeon 
ornithosis are striking. Many well estab- 
lished turkey-breeding and raising farms 
harbored a variable percentage of poults 
and adult breeding birds with latent inlec- 
tion. Man-made crowding and perhaps in 
some instances poor husbandry greatly 
favored exchange of the parasite. However, 
there is one difference: the infection was 
not contracted in the nest, the eggs were 
incubated and the poults were artificially 
brooded, many on the same contaminated 
premises where there tvere infected adult 
birds. Even if incubation and brooding 
are commercially done in special instal- 
lations, it is reasonable to assume that 
many eggs originated from infected 
ranches. Contamination of the exterior of 
the eggs with bedsonia-containing excreta 
is suspected. Transo^’arian passage of bed- 
soniac to duck or sea guli eggs has been 
demonstrated, but the evidence in turkeys 
is more equivocal. 

Several Investigators searched for bed- 
soniae in dead turkey embryos or poults 
from eggs laid by breeding turkeys experi- 
mentally infected with highly virulent 
turkey bedsoniae. A total of 2,S44 eggs 
were collected, incubated, and candled 
daily from the seventh day until hatching. 
The allantoic fluid from all dead turkey 
embryos was inoculated into 6- and 9-day- 
old chick embryos, Bedsonia could not be 
recosered. A portion of ihehatclied poults 
was placed on an isolated farm. There 
were no deaths due to ornithosis during a 
12-week observation period (Davis and 
Delaplane, 1955). In another series of 2,954 
eggs laid by breeding turkeys experi- 
mentally infected with the virulent JO 
ornitliosis strain, altltough 300 of the eggs 
were laid during times at svhich the agent 
could be recosered from the blood of repre- 
scniaiivc birds, bedsonia could not be 
found in Uie e^s. When fresh turkey eggs 
were inoculated with turkey bedsonia, the 
inoculated agent was not recoverable after 


the ninth day after inoculation. The 
turkey bedsonia failed to live longer than 

3 days on turkey eggshells or longer than 

4 days on cotton swabs under egg incubator 
conditions (Davis et al., 1957a). Attempts 
to isolate a bedsonia from 262 embryos of 
turkey eggs collected during an acute orni- 
thosis epornitic were not successful; anti- 
bodies in titers as high as 1:64 and 1:512 
were detected in the amniotic fluid or the 
serum of some turkeys (Page and Bankow- 
ski, 1959). During the extensive investi- 
gations of ornithosis in Oregon, 340 
pipped turkey eggs and 110 dead turkey 
poults from flocks in which ornithosis was 
epizootic were, by repeated mouse passage 
tests, found free from bedsoniae. A sample 
of 200 poulu, hatched from eggs derived 
from infected hens and incubated on tlte 
infected premises, were tested before they 
were put on a range and proved seto-nega- 
live. In December an ornithosis epizootic 
with a fairly high progressive moriality 
rate broke out among a flock of 3.000 hens 
and toms that had been selected for breed- 
ing from the raised and previously tested 
jjoults. The sample to test the absence of 
infection in the poults may have been in- 
adequate; since egg transmission could 
with confidence be excluded, other modes 
of infection into the flock were considered 
(Meyer and Eddie, 1957, unpublished). It 
was thought that on the open ranches 
turkeys might intermingle with a variety of 
avian and mammalian carriers and shed- 
ders of bedsoniae and might become in- 
fected. This received some support when 
seagulls located on islands in Oregon, fre- 
quenting a farm where a turkey epizootic 
caused many deaths, were found to harbor 
bedsoniae indistinguishable from turkey 
isolates (Dickerson el al., personal com- 
munication). Since gulls are avid scaven- 
gers it is impossible to say in which direc- 
tion, if eitlter, the infection passed. Both 
could contract it from a tiiird source. In 
Texas several species of free flying birds of 
the Hrdeidae family (mostly herons) were 
collected on a turkey rancli where ornitho- 
sis had been epizootic, but bedsoniae could 
not be found (Davis et al., 1957b). Invcsii- 
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gation of an epizootic of ornithosis in 
Texas disclosed that the eye of Hurricane 
Carla had passed over tlie rancli in Septem- 
ber and had deposited sea gulls singly or in 
small groups on the premises. Perhaps 
some of the turkeys became infected by 
water or sea birds and spreading of the in- 
fection took one and a half months to 
reach epidemic proportions (Rich, 1962). 

Three of 15 pigeons, roosting on a turkey 
ranch for 1 year prior to an ornithosis out- 
break in turkeys, furnished a bedsonia 
morphologically and by crude antigenic 
analysis and pathogenicity tests on mice 
and chick embryos indistinguishable from 
the one isolated from sick turkeys on the 
same premises. This suggested that the 
turkeys had acquired their infection from 
the pigeons. Adult pigeons heavily in- 
fected with a bedsonia of pigeon origin 
suspended in a wire cage from the ceiling 
of an enclosure holding 10 normal turkeys 
17 weeks old apparently infected the tur- 
keys. ^Viihin 6 weeks 9 of the 10 exposed 
turkeys developed indirect complement 
fixation titers ranging from 1:4 to 1:32. 
The infection was subclinicai and tran- 
sient, but there was serologic evidence that 
it was in turn transmitted to new groups 
of normal turkeys. No lesions were in- 
duced in the turkeys and no bedsoniae iso- 
lated (Page, 1960). The pigeon ornithosis 
agent used for these transmission studies 
was not described. 

Sparrows are known to be hosts of bed- 
soniae. Without transmission experiments 
or specific antigen analyses, the isolation 
from sparrows of bedsoniae highly lethal 
for pigeons on intracerebral inoculation 
on a turkey ranch in central California 
does not yet clarify the ecology of epomi- 
tics. 

Conclusive proof that ornithosis in tur- 
keys on previously uncontaminaied 
premises is an incidental event resultii^ 
from the intermingling with free-living 
avian or mammalian species carrying bed- 
soniae can only be proved by actual fidd 
experiments through carefully planned 
systematic environmental studies over 
many years on a number of turkey flocks 


established and maintained in different 
geographic areas. ^Vhether such experi- 
ments are necessary will depend largely on 
whether the results of extensive serologic 
surveys widen and confirm the prevailing 
view that inapparent ornithosis in turkeys 
is more universal than generally recognized 
or admitted. Explanations of the origin of 
epizootics, recognized since 1948 on ac- 
count of their relation to occupational 
human infections or because the poultry 
inspectors condemned diseased birds, hate 
largely depended on verba] reports by the 
grower. Turkey raisers have commonly 
said Uiai they have never seen this form of 
illness or abnormal death before and that 
it must have been introduced. But “how” 
neither he nor the investigator has been 
able to establish. According to available 
records, only 2 ranches, on which ornitho- 
sis svas proved, have been under obser- 
vation in subsequent raising and breed- 
ing seasons after the catastrophic epi- 
zootics. On one ranch 8S.5 per cent of 259 
sera were positive; tlie bedsonia was of low 
virulence; the following year 161 sera col- 
lected during processing of part of the flock 
gave no indirect complement fixation re- 
actions. Other follow-up studies could not 
be made. By contrast, annual epizootics of 
varying severity plagued another breeder 
and grower lor at least six years. 

Feather mites belonging to the glyco- 
phagidae contaminated with bedsoniae 
have been found in the bedding on the 
premises many months after depopulation 
of living birds. It is suspected that these 
arthropods rnay assist in the maintenance 
of the disease agent through generations of 
turkeys (Eddie cl al., 1962). 

A variable percentage of poults may ac- 
quire the infection without showing symp- 
toms. As they grow older and during the 
breeding season, for reasons entirely un- 
known, the ornithosis agent may undergo 
changes in virulence in certain flocks. Afore 
birds become infected and shed; some 
show symptoms and die. If highly virulent 
mutants appear, the epizootics become 
economically serious and a source of disease 
both to the raiser and his workers and to 
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the employees in processing plants exposed 
to grossly diseased turkeys. The ecology is 
quite similar to that of pigeon or duck 
ornithosis; it is rarely man-made. Wild 
turkeys serologically and rnicrobiologically 
examined in Utah and Ohio were not in- 
fected. 

Ornithosis in domestic turkeys has been 
recognized during the past 15 years; it has 
principally affected breeders’ flocks. It be- 
came the subject of study when the parasite 
infected large human occupational groups. 
Through direct isolation of bedsoniae from 
the viscera of apparently normal turkeys, 
or indirectly through serologic surveys, the 
wide geographic distribution of ornithosis 
in turkeys in the U.S.A. has been estab- 
lished. Strangely, these facts are cither 
overlooked, deliberately suppressed in 
order to protect the poultry industry, or 
despite overwhelming evidence the specific- 
ity or validity of serum tests is questioned. 
The number of farms raising turkeys 
dropped from 169,807 in 1954 to 86,712 in 
1959; the number of turkeys produced in- 
creased from 67,693.000 to 84,493,000. In 
both Texas and Oregon the number of 
farms raising turkeys has dropped; Texas, 
1954, 25,356; 1959, 11,293, and Oregon, 
2,386 to 994. Examination of even a small 
percentage of these farms presents technical 
diificuUies, but it must be re-emphasized 
that for example in Oregon, random 
chosen samples of 50 sera from nine farms 
yielded from every one at least 1 to 12 sera 
which reacted in dilutions of 1:16. Since 
the infection was low grade, the mortality 
not abnormal, and the marketability not 
affected, neither the poultry industry nor 
the ofiicial livestock control agencies could 
be interested in extending the surveys to 
secure a broader understanding of the 
ecology of ornithosis in turkeys. 

Chickens 

Millions of chickens are raised and 
marketed annually in the United States, 
but an epizootic or epidemic of psittacosis 
in chicken processing plants has not been 
reported. Sporadic cases have been attribu- 
ted to contact with chickens (Karrer et al.. 


19S0a; Meyer, 1952; Irons et aL, 1955; 
Scruggs, 1957), and there is extensive sero- 
logic evidence of ornithosis in chickens. In 
indirect complement fixation tests of 464 
diickett seta from hatcheries in California, 
Iowa, Michigan, Texas, and Washington, 
18.3 per cent were positive (Karrer et al., 
1950c; Eddie and Meyer, unpublished 
data). In Connecticut, of 319 serum 
samples, 31 were positive to some degree 
(12, 1;2; 12. 1:4; 6, 1:8; 1, 1:16), the re- 
actors were confined to 4 flocks and the 
birds were, except in 1 flock, over 6 months 
old (Rindge et al., 1959). Limited attempts 
to isolate a bedsonia from chickens in the 
United States have been successful in a few 
instances. Pools of emulsified spleen, liver, 
and kidneys of 4 of 35 chickens from a farm 
in New Jersey yielded a bedsonia of low 
virulence for mice but fatal to parakeets, 
ricebirds, and pigeons, on intramuscular 
and intracerebral inoculation (hleyer and 
Eddie, 1942). An isolate of low virulence 
was obtained from the organs of 2 
emaciated chickens from a flock in Cali- 
fornia (Karrer et al, 1950a). One of 6 
hearts with extensive bacteriologically ster- 
ile fibrinous esudates troai chicken liyers 
in a processing plant in Oregon showed 
ornithosis particles and on mouse passage 
yielded a bedsonia that infected but was 
not fatal to 1-month-oId chicks. It persisted 
in 3 of 4 chicks for 1 month, but healthy 
chicks placed in the same enclosure did not 
contract the infection. One serum speci- 
men of 32 collected from fryers of this flock 
reacted in a dilution of 1:52. An inap- 
parent epizootic was revealed in Oregon in 
the course of surveys; 5 of 7 spedmens 
reacted (2. 1:2; 1. 1:4; I. 1:16; 1, 1:32). 

According to recent reports from Hun- 
gary, ornithosis diagnosed by isolation of 
bedsonia from hens and chickens has been 
an epizootic fatal disease causing consider- 
able economic loss (Derzsy, 1958). Polony 
and his associates (I960} in their obser- 
vations on ornithosis in eastern Slovakia in 
1958 and 1959 recovered 14 isolates of low 
virulence from dead or sick chickens (1 to 
2 years old) and chicks (Z months old); 
salmonella was also found in dtese birds. 
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Simultaneous outbreaks of pox and fatal 
cholera caused losses of from 5 to 15 per 
cent. 

Bedsoniae were isolated from a group of 
free-living cheylated mites from 'While 
Rock roosters in tlie Midwest that for many 
years had furnished birds imariably free 
from ornithosis (Eddie et al., 1962). This 
was the first isolation of a bedsonia from 
an insect (Menopon galUnae L.). Interpre- 
tation of this finding is at present impos- 
sible It is being ascertained whether this 
ectoparasite could introduce ornithosis in- 
to a flock and whether it could perpetuate 
or spread u. 

Domesticated Pheasants 

Inductisc epidemiology of human in- 
fections has {xtinted to commercially raised 
pheasants The owner of a large pheasant 
farm in Illinois contracted pneumonitis 
and his serum gave a positive complement 
fixation reaction (1:123). Several pheasant 
sera have been positive in the complement 
fixation inhibition test in signlficint titers 
(I:C4) (Morrissey and Meyer, 1951). In 
1956, through the courtesy of Dr. Richard 
£. Shope, spleens were obtained from 3 
pheasants from a game bird farm. A bed- 
sonia of low virulence was isolated from 
one. In pathogenicity tests on mice it has 
behaved liked a pigeon isolate Fifty-four 
pheasants of a different lot from Uic same 
farm were sero-negative in both the direct 
and indirect tests. 

CLINICAL FINDINGS AND PATHOLOGY 
Pigeons 

Coles (1940) was the first to deKribe or- 
nithosis of pigeons. The birds were visibly 
sick, listless, and showed no interest in 
food; vent feathers were soiled with liquid 
feces. At necropsy the lungs were edema- 
tous, the liver and spleen swollen. There 
were moderate aerocystitis in the abdomi- 
nal air sac and moderate catarrh of the in- 
testines. There were elementary bodies in 
the blood, lungs, and spleen, and a bed- 
sonia was isolated in mice. Haemoproteus 
columbae, Trichomonas hepalica, and Sal- 




FIG. 23.2 — Ornilhoji* in racing pigeons. Nor- 
mal eye ol top; moderoto eoniunclivilis, cen- 
ter; severe coniunelivitis, bottom. (Courtesy ot 
Professor Joe. Jansen, Ulrecht, Netherlands.) 
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FIG. 23.3 -(A) Spleens of 
pigeons proved to be infect* 
ed with ornithosis virus. 
Natural size. (B) Two spleens 
and one liver of mica in- 
fected with psitlocosis vi- 
rus. liver is necrotic. Small 
spleen not infected. Noturol 







elusions caused by the intranuclear in- 
clusion xirus (Smadel et al., 1945). Both 
the ornithosis and intranuclear inclusion 
agents can cause epizootics in pigeons. 

In a few pigeons with caseous pneumonic 
foci, Salmonella typ/iimurium (var. Stom) 
has been isolated from the cheesy material. 
In sudt cases the pulmonary lesions are 
probably not part of the ornithosis. Or- 
gans and exudates from pigeons with pure 
ornithosis are sterile when planted on or- 
dinary medium or medium enriched with 
brilliant green broth. Smears prepared 
from the hbrinopurulent exudate in the 
pericardium or over the liver are usually 
ricli in particles, either free or in the cyto- 
plasm of monoc)tes. Sections of exudates 
on serous surfaces, such as the pericardium, 
reveal intense inflammatory inftitradon 
with large mononuclear cells and lympho- 
cytes and few polymorphonuclear leuko- 
cytes. The reaction may penetrate into 
the superficial layers of the myocardium. 
Vascular congestion in the liver and kid- 
neys is associated with cloudy swelling and 
varying degrees of necrosis. Hemorrhagic 
areas are present in the spleen. 

Pigeons, like parakeets, ducks, and tur- 
keys, with or without complcmeni fixing 
antibodies, may harbor the bedsonia. Most 
pigeons from infected commercial pigeon 
lofts are immune to intramuscular injec- 
tion with pigeon isolates, but they con- 
tract faul meningoencephalitis when the 
injection is made intracranially. Tlie re- 
markable resistance of this species to orni- 
thosis bedsonia by feeding or by intramus- 
cular injection is probably attributable to 
acquired immunity, in many instances con- 
ditioned by persistence of the bedsonia in 


the tissues. According to Jansen (1955), 
there is no evidence that a pigeon that has 
recovered from ornithosis has contracted 
it a second time. Ornithosis in pigeons is 
very contagious, so it is likely to affect all 
racing pigeons kept by one owner, but, de- 
spite the high morbidity, the mortality may 
be very low. Recovery may be rapid, with 
a few birds being completely normal a 
month after the onset of symptoms, but the 
illness usually lasts 2 to even 4 months. The 
Pigeon Heahh Service in the Netherlands 
does not recommend the separation of in- 
fected birds because "it is much better and 
less disheartening when all the birds are 
sick together, instead of having a small 
number of patients among his pigeons at 
regular intervals." 

Chemoiherapy with streptomycin in two 
subcutaneous injections (0.5 ml. saline con- 
taining 25 mg. of streptomycin and 25 mg. 
of dihydrostreptomydn sulfate) three days 
apart has induced rapid clinical improve- 
ment (Jansen, 1955; van Vloten, 1959). 
Dekking (1961) pointed out that the orni- 
thosis agent is not susceptible to streptomy- 
cin and recommended the use of tetra- 
cycline as originally tried by Meyer and 
^die (1955). Prolonged oral treatment, 
consisting of offering the pigeon a mash 
containing 0.5 mg. of chlortetracycline per 
gm. of feed for 1 month, has eradicated the 
bedsonia from pigeon tissue. Contrary to 
the warnings of Fn'tzsche and his associates 
(1956), who observed shock following oral 
therapy with chloramphenicol (700 mg/ 
bird) for 1 week, side effects or death were 
not seen after oral treatment with tetracy- 
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Chickens 

Lillie is known about Uie inicciion m 
this bird. It has almost always been sub- 
acute or inapparent. Nothing is known 
about the clinical disease, and at necropsy, 
aside from enlarged liver and spleen, the 
air sacs appear normal. In very rare in- 
stances, and then only in fatal infections in 
young birds, fibrinous pericarditis has been 
present. Attempts to produce these lesions 
experimentally by infecting chicks intra- 
tradieally with chicken or pigeon isolates 
have failed. The birds remained clinically 
well but shed the bedsonia for several days, 
and in 3 months the indirect complement 
fixation titers rose. By that time the agent 
could not be found in the viscera. A Ger- 
man textbook on diseases of poultry (Fritr- 
sche and Gerreits, 1959) mentions (on p. 
112) only the clinical and pathologic ob- 
servations in the U.S.A. 

Ducks 

Ornithosis obsened in ducks in the 
United Slates has been clinically inappar- 
eni (Meyer and Eddie, 1952; Korns, 1955). 
Clmicaliy normal ducklings and adult 
ducks have had no gross anatomical lesions, 
despite the presence of bedsontae in the 
spleen, liver, and kidneys and intestinal 
tract of about a third of the birds examined. 
Concurrent and secondary infections 
are quite common, but little is known 
about their causal role in epizootics on 
duck farms. Diagnostically useful clinical 
symptoms suggesting ornithosis in ducks 
have been singularly absent. 

An entirely different picture appears in 
the excellent Czechoslovakian investiga- 
tions, in particular those by Seiyf, Siarauss, 
and their associates. While studying 3 small 
foci in a district in central Bohemia, where 
600 of 2,000 ducklings died, Kukisek and 
Strauss (1956) noted stunted growth, 
weakness, unbalanced gait, watery diar- 
rhea, and cachexia. During an epizootic 
in east Bohemia, of 3,670 ducks several 
weeks old derived from the same incubator 
on an infected farm and kept by small 
farmers, about a fourth in the acute stage 


showed bilateral purulent conjunctivitis 
and keratoconjunctivitis, which may lead 
to blindness (Fig. ZS.'IA). Serous or puru- 
lent yellowish discharges were present even 
at (he auricular and nasal orifices; around 
the ey'es the secretion formed a narrow 
strip. In the more advanced stages the 
fearers around the eyes were glued to- 
gether and covered by crusts of dried se- 
cretions. In several instances the bedsonia 
Vas isolated Irani diseased ducks (Sery et 
at., 1957). The photographs furnished by 
Dr. V. Serf impressively illustrate the 
ocular lesions in epizootic ornithosis. The 
Swollen lids nearly always close the eye 
(Fig. 25.4B). 

A prominent symptom in all acute in- 
fectioas is greenish or gray-greenish drop- 
pings that contain bedsoniae but not sal- 
bionella. The agent is massively excreted 
Onto the feathers, and this endangers the 
health of the pickers. 

As the disease progresses, emaciation and 
atrophy of the muscles become marked. 

When the clinical phase has completely 
disappeared, serologic and isolation tests 
in 8-month-old birds proved them to be 
carriers and shedders (Trojan and Strauss, 
1955). However, only ducklings up to the 
age of 4 months were sources of human 
infections. When the epizootic had subsid- 
ed, although ducklings showed no gross 
evidence of the infection, latent ornithosis 
svas readily demonstrable. When these 
latently infected birds were then held un- 
der unhygienic conditions, the disease be- 
came manifest and in some instances in- 
fectious for man. 

During the epizootics in Slovakia, 
though conjunctivitis was recognized in 
Only 3 to 25 per cent of ducks, the sera of 
from 10 to 80 per cent reacted in the in- 
direct complement fixation test in a dilu- 
tion of 1:4 or higher. More visibly diseased 
ducks were observed in flocks held in an 
Unsanitary environment. 

Postmortem findings in infected ducks 
are similar to those in pigeons. In duck- 
lings a few weeks old, acute or subacute 
inflammation with exudation on the serous 
raembranes of the pericardium and air 
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sacs accompanies congestion of the liver 
and spleen. Hepatic necrosis may affect 
only small foci, or it may extend to large, 
marginal, yellowish areas; the latter are 
usually characteristic of concomitant sal- 
monellosis. The serofibrinous pericarditis 
is well illustrated by a photograph kindly 
furnished by Dr. V. Ser^ (Fig. 23.5). 

Latent infection of older birds is indi- 
cated by hepatomegaly and pronounced 


splenomegaly (spleen may measure 3.8 x 
1.2 to 2.2 cm.). Aside from inHammatory 
areas in tlic lungs, older ducks present saf* 
fron-coloicJ livers, splenic tumors, and var- 
iable pericardial and air sac inflammato^ 
reactions (Krivinka, 1959), Microscopic 
examination of organs of 8 ducks from the 
farm that supplied the poultry responsible 
for six occupational infections in Austria 
revealed unusual rindings; ilte architec- 
ture of the liver was greatly transformed 
by neCTOlic, fully degenerated parenchym- 
atous elements; new formations in the 
bile duct interspersed by inflammatory in- 
fihraiions convey the impression that these 
changes developed because of an acute 
liver atrophy. In the Giemsa-stained sec- 
tion the Kupfler cells contained small and 
large blue panicles that could be identi- 
fied as bedsonia because the larger granules 
consisted of phagocytized nuclear detritus 
of erythrocytes as a sequel to intravascular 
hemolysis. Throughout the voluminous 
tumor-shaped splenic tissues nodular infil- 
trates of necrotic cells were distinct; the 
myocardium showed fatty disorganization 
of Ute fibers (Furst et al, 1957). 

On a duck breeding and fattening farm 
in Germany where within 21 days 500 
ducklings had died, the management re- 
ported that paralysis and spasm preceded 
death by a few days. Systematic postmortem 
examinations of dead or moribund duck- 
lings and adult ducks over a period of I8 
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FIG. 23.6 — Microscopic 
lesions of hepatomeg- 
aly. Lesion yielding 
bedsonia observed in 
goose suffering from 
subacute ornithosis. 
{Courtesy of Dr. Viodi- 
mir Sery, Prague, Czeeh- 

oslovokia.) 



known, but in December some minor losses 
(about 2 deaths a week) were attributed 
to fowl cholera or erysipelas; laboratory 
tests did not confirm tliis suspicion. Of 
1,796 turkeys processed, 79 svere con- 
demned because they showed “air sac dis- 
ease." The losses in the remaining birds in- 
creased in January, and by March Use daily 
mortality reached 50 to 60 birds. Total 
losses were 2,000 (SO per cent) of one Hock 
and 350 (20 per cent) of another flock. 

There were dead turkeys in the pens and 
yards, and the balance of the flock in gen- 
eral was droopy, anorexic, and feverish. 
Afany were weak and reluctant to move 
even when disturbed. On being driven 
some staggered and fell, manifested acute 
respiratory distress, and died within a few 

their wattles dry and cyanotic, and their 
eyes dull and sunken. Many had eye le- 
sions ranging from slight inflammation of 
the conjunctiva to complete necrotic oblit- 
eration of the orbit. The grounds of the 
pens were heavily blotched with soft or 
liquid yellowish droppings, some of which 
were blood tinged. Soiling and matting 
of the vent feathers were common, and the 
cloacas of many birds were everted. Some 
birds had lost many feathers from the 


breast and back, exposing large areas of 
flesh. The keels of many birds were ulcer- 
ated and abscessed, and the wing tips were 
heavily contused and abraded by tlie efforts 
of the birds to rise to their feet. Evidence 
of cannibalism was noted on tire carcasses 
of dead birds and quite frequently on the 
moribund and sicker ones. 

Egg production was far below normal 
in both flocks. Both hens and toms were 
infected, but in one flock the infection was 
slower to manifest itself in the toms, was 
not as severe, and the mortality was lower. 
Such differences were not as conspicuous 
in the other flock. 

Necropsy of several sacrificed birds that 
had been ill and soeral birds that died 
presented the following lesions: Inflam- 
iiwvilrtr isi ciVt svrusm’ sun'aces' .fdiun- 
OU4 exudation was consistently obsers’Cth 
Air sacs were inflamed and thickened and 
in one or two instances contained masses 
of cheesy e.xudate. The mesenteric and 
serosal surfaces of the intestine also were 
injected and inflamed in many birds. The 
abdominal cavity of a few birds contained 
fluid and fibrin deposits. The livers were 
slightly enlarged and off color, and in 
many birds the surface was covered with 
whitish, fibrinous films. These films ranged 
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clinical improvement after similar treat- 
ment. In flock I more than 90 per cent 
of the hens showed evidence of prolific 
ovulation. This tvas apparent even when 
there tvere advanced lesions in other or- 
gans. There was very little pathologic 
change in the ovaries or testes. In flock 2 
more than 60 per cent of the hens had 
nonfunctioning or diseased ovaries. Most 
were simply atrophic or blighted, but oth- 
ers were necrotic, hemorrhagic, caseated. or 
inspissated masses. In a fetv instances, folly 
shelled eggs were incarcerated or adhered 
within the oviduct. These apparently w'ere 
obstructed by rapidly forming fibrinous 
adhesions that later fibrosed. Gonadal le- 
sions svere also found in toms in flock 2. 
Atrophied testes were common: many were 
greenish. Well inspissated old hemorrhagic 
masses enveloped several testes. Adhesions 
to surrounding structures weze also com- 
mon. Flock 2 tvas much further advanced 
in egg production when the epizootic 
reached its peak than was flock 3. Also, 
flock 2 received high levels of sulfonamides 
over a longer period. Either or both of 
these may have been factors. 

Several enormously enlarged spleens 
were observed in flock 1, but most of the 
spleens were of normal size in both flocks. 

Published descriptions by other observ- 
ers on naturally and experimentally Infect- 
ed flocks differ in a few details They all 
stress that infected turkeys may look normal 
at antemortem inspection and still liave 
typical lesions at autopsy (Carfson et al., 
1961; Francis, 1960). 

Early observations, clinical and paiholog 
ic, in Texas were made on turkeys of ma- 
ime breeding stock in the latter pan of 
the laying season. However birds 10 to 14 
weeks old were also involved in the out- 
break. Birds of all ages n-ere susceptible 
but the mortality ^vas much higher in 
younger birds. Among lire symptoms not- 
ed S', ere yellowish-green diarrheal drop- 
pings. droopiness, coughing, rattling, or 
other signs of respiratory involvement. TTie 
most prominent lesions of turkey ornitho- 
sis may be confused witli those of other 


diseases characterized by fibrinopurulent 
inflammation of tfie serous surfaces of the 
th or acir and abdominal viscera. Frequent- 
ly the only organs visibly affected are the 
spleen, liver, and kidneys (Boney et at., 
1952; Pate el al, 1954). In an outbreak in 
New Jersey (Beaudette et al., 1956). aside 
from mild respiratory symptoms, the most 
striking symptom was diarrhea irt which 
the droppings were sulfur yellow and of an 
unusually disagreeable odor. Turkeys that 
died did so after an illness of 5 to 6 days; 
rigor mortis was complete within a half 
hour after death. Autopsy revealed necro- 
sis of the liver and spleen, congestion ol 
the lungs, and hemorrhages in the skeletal 
muscles. The air sacs showed evidence of 
inloction in absence of sinusitis. 

Experimental ornithosis has been studied 
to find pathognomonic lesions to differenti- 
ate turkey ornithosis from other poultry 
diseases (Davis and Delaplane, 1958a). Tur- 
keys have been readily infected with a 
Texas isolate by the intracranial, intratra- 
cheal, intraperitoneal, or intra-air sac 
route. Poults and adults were infected by 
the intratracheal route with allantoic fluid 
collected from chick embryos dead as a r^ 
suit of a highly virulent turkey isolate. 
The incubation time ranged from 4 to 7 
days depending on the age of the turkeys. 
Mortality was influenced by the same fac- 
lew: within 7 days it was 100 per cent in 
poults 1 week old; it was 25 per cent in 
birds 6 weeks old. In tlte age group of 3 i® 
6 months the average mortality was 22 per 
cent 

Pericarditis was the most constant autop- 
sy finding. The spleen was rarely enlarged, 
but the liver was streaked with gray or 
green bands. Biliary stasis was indicated 
by greatly enlarged gallbladder, and the 
intestines contained bright green fec^^ 
throughout the entire length. Aside front 
the fibrinous inflammation of the pericar- 
dium, the incidence of exudates over th^ 
liver (perihepatitis) was more marked in 
the older birds and was apparently influ- 
enced by the duration of the illness. The 
incidence of congestion and edema of the 
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lung was high in jxnilis, but was usually 
absent in older binb (Boney ei ah, 1952; 
Pate et ai, 1951; D. E. Davis, 1955). 

A iliiTcrcni cxjKrimcnUl approach wav 
dioscn by Page (1959a) lo slucly the path- 
way of infection and {Mlhogcnnis of an 
ornithosis isolate from a turkey invohctl 
in an epizootic and human occuiutiunal 
infections. Broad-breasted Bronze turkey 
poults 10 to 23 weeks old proved (tee from 
ornithosis were e^tisoscd to inirclive aero- 
sols. 'riicy Isccame .acutely ill, .ind alxiut 15 
per cent died. Infected birds were sactiGccd 
at \-atious stages o( the disease in order 
to learn the extent o( multiplication o( the 
bedsonia anii the {saihsvay ol mfteiioa. 
Within 21 hours and until death high con- 
ccniniu'ons of the inhaled bcUsonia v»cre 
(ound within the lung. Ucdsoniac v^crc 
found in the blood within 19 hours and 
were thereby distributed to tissues through- 
out the visccn. Tlie cpi- and pcricanlial 
surfaces and peritoneal serosa bcc.vmc in- 
fected by extension from the air sacs. Con- 
tinued multiplication in these sites inicn- 
sified the inflammatory response in the 
form of heavy deposits of fibrinous exu- 
dates. 

Recovery from the acute experimental 
infection was followed by complete disap- 
pearance of the .igcnt by the seventieth 
day, demonstrable by mouse inoculation of 
small fragments of liver, spleen, and kid- 
ney. However in a few instances bcdsoniac 
were found in die pericardial sac and kid- 
neys. 

In this connection, systematic field ob- 
servations were made lo determine die ex- 
tent of latent infections in vvcH turkeys. 
Some spleens removed at the processing 
lines were tested singly by inoculation of 
mice: of 98 selected from 215 normal or 
moderately enlarged spleens from 3 differ- 
ent flocks, 7 yielded isolates. Only 4 of 
these 7 birds had been scro-rcactors. 

Questions remain about the pathogene- 
sis. Ornidiosis has at limes been a highly 
contagious disease, but Umiled experi- 
mentation by blowing the exhaust air from 
an enclosure holding infected sick turkeys 


into an adjacent pen widi healthy turkeys 
failcsl to infect the birds (Davis and Dela- 
planc, 1958b). Artificial spray aerosols read- 
ily infected; simple feeding widi a pipette 
into the crop of the bedsonia in die dose of 
310.000 mouse L!)-a produced no clinical 
effects or serologic rcs(K)nsc. By inserting 
gelatine capsules containing -10,000 mouse 
of the virulent New Jersey isolate 
into the esophagus, a low-grade infection 
was established in a few turkeys witiiin 2 
week*. The ingested agent multiplied, in- 
vaded the blood stream, was excreted by 
some birds, and caused severe disease in 
healthy luikcys cxjxiscd in the same pen. 
My the end of 2 monibt ail the led and 
contact birds had rising indirect complc- 
incm fixation titers, gross lesions, and bed- 
soiicmia. 

if ornithosis were initialed in a few tur- 
keys by inhalation or ingestion of infec- 
tive ma(cri.il of extrinsic origin, if could 
penneate rapidly through a (lock, particu- 
larly if the birds were crowded and infected 
cxrrcia were to be cither ingested or in- 
haled (Page. )9.vDa}: (he spread may in 
some vv-ay be promoted by cannibalism. 

Trammisston experiments with isolates 
of low virulence administered by various 
routes successfully rejnoduced clinical and 
anaiomic-vl orniUiosis, with a ease mortali- 
ty rate of up to -12 per cent in 1-day-oId, 
2 per cent in lO-day-old, and no death in 
ll-day-old turkey poults. Tliirly (in groups 
of 10) healthy control turkeys G weeks old, 
held in the pen with the 65 diseased ex- 
perimental birds did not get sick, but re- 
covery of the bedsonia and appearance of 
antib^ics proved that isolates of low viru- 
lence are as contagious as virulent ones 
(Calc, 1960). Even isolates from pigeons 
trammitted to turkeys by exposure to dis- 
eased turkeys, apparently by the aerogenic 
route, were contagious in contact tests 
(Page, 1960). The isohitcs of low virulence 
induced no clinical signs of disease except 
for fever and markcil leukocytosis in tur- 
keys over 2 weeks old, even though internal 
lesions were extensive. 

The Iwalization of the inflammatory 
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lesions diilerctl in no way from those ob- 
sened in turkeys infected with highly viru- 
lent bcdsoniac. Autostcrilizaiion has been 
apparently less active: the parasite of low 
virulence seems to be better adapicil to 
persist in the organs since it has been found 
there for over 120 days. Tire highly viru- 
lent parasite disappears around the sesen- 
tieih day (Gale, 1960). Tlie cellular pro- 
liferation, fibrosis, necrosis, and capillary 
hyperplasia were nearly identical with 
those noted on spccimciu collected in an 
active epizootic among turkeys in a Rock 
parasitized by highly virulent agents (Gale 
ct ai. 1960). 

The well documented extenshe observa- 
tions by Jleaslcy and liis colleagues (1959) 
and dicir comparative study of piciiro- 
pneumonialikc orgaiuuns and ornithosis 
m pure and mixed infections (Qcasicy et 
al , 1961) desene careful study by every 
poultry pathologist. Changes in the paren- 
clvymatous organs in the older birds were 
essentially proliferative, but they were nec- 
rotizing and prolifcratiie in the younger 
turkeys. The most common cell type in the 
exudates was the mononuclear macro- 
phage, invariably parasitized by psiiUco- 
sis-orniUiosis particles, In the spleen the 
reticuloendothelial cells, in the liver the 
KupRcr’s cell, and in the seminiferous tu- 
bules the germinal cpithclia arc the host 
cells. 

Of particular interest aie ihc pulmonary 
lesions in experimentally infected luikcys 
because they are rarely a feature of avian 
ornithosis or psittacosis Older turkeys 
dead from spontaneous ornithosis rarely 
have had pneumonic lesions, but young 
birds less tlian 2i,^ months old infected by 
the intratracheal route invariably had 
epithelioid pneumonitis, apparently orig- 
inating at the primary bronchus extending 
to involve the portion of the lung venti- 
lated by the bronchus. Just as in man 
(Lillie, 1933: Giithert, 1938), the monkey 
(Rivers and Berry, 1931), and the mouse 
(Kovac, 1961), the infiltration of normally 
inconspicuous stroma obliterates the respi- 
ratory tubules with varying amounts of 
fibrin, mononuclears, and septal cell pro- 


liferation and represents the reaction to 
the bedsonia in the lung of turkeys. The 
granulomatous nodules in the lumina of 
the icrihty bronchi in part explain why 
turkeys in the thinl to fourth week after in- 
fection arc hypersensitive and exhibit 
cutaneous allergy to the ornilliosis antigen. 
Infections caused by all members of the 
group induce allergy because they cause 
granuloma formation. 

In contrast to the extensive focal inflam- 
matory infiltrations in the myocardium 
seen ill many fatal human infections 
(Schcidcggcr, 1961) it vs-a$ aflccteil in few 
tuikcys (iespite extensive epicarditis vvith 
capillary hypertrophy. However, the 
wasted pectoral muscles of tuikcys that 
have siircumlscd to experimental ornithosis 
may icvca) myositis witli extensive frag- 
mentation of the fibers. 

In the light of these gross and micio- 
scopie lesions, it seems Imywrtaiit to search 
carefully lor the cause of tlic "lower" form 
of tuiVey sinusitis, commonly referred to 
as air s.ic $y iidrome. Culture* alone should 
not be rclicil on. Tlic similarity of the 
lesions of pleuropneumonia and pasieurel’ 
losii to those of ornithosis emphasizes the 
necessity for mouse or embryonated egg 
inocubiions wiili tissues and exudates of 
discascvl turkeys. 

ScogvJlf (loft/M fidibundvsf 

Lillie is known about the clinical picture 
or the lesions in gulls. Tlic shot birds dis- 
sected by Meyer and Cddlc (1952) showof 
no abnormalities other than the injuries 
due to penetration by the lead pclleW' 
Strauss ct al. (1957) illustrate and describe 
examj'iialions of the lung of guH* from 
wfiicli they had isolated a bedsonia: they 
found a focal area of necrosis close to a 
small bronduis moderately infiltrated by 
monocytes. Reticulocyte reaction was 
noted in the spleen. Scattered necrosis and 
mononuclear granulomas admixed with 
iwlymiorphonuclcar leucocytes were in th' 
liver, but since lesions were similar in ® 
gull infected solely with salmonella 
cannot be considered pathognomonic o 
omiUiosis. According to Illncr (1962b). 
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captured adult gulls (two of them) witli no 
gross lesions yielded bcdsoiiiae; i’ajtciirrffa 
multocida was cultured from tissues and 
exudates from those with symptoms of 
respiratory distress and fibrinous exudates 
on the pericardium and costal air sacs. Gull 
chicks may base enlarged splcem, and bed- 
sonia with and without SalmoneWa lyphi* 
murium may be isolated from such spleens. 

WBORATORY TESTS 

Since orniUiosis cannot i>c diagnosed 
clinically itor by gross anatomical in- 
spection, the pathologist must use laboia- 
tory procedures (Mejer and Eddie, 1901) 
(Fig 23.8). 

Any material containing any bedwmia 
most rvgaruW iis tndxrioux and 

dangerous to handle unless proper pre- 
cautions are taken. Eirds scatter infectious 
material in dried feces and nasal discharges 
attached to feathers and particles of down. 
Dead birds or birds kdlctl with chloroform 
should be immersed completely in b (icr 
cent hsol solution; the biid shosdd then 
be wrapped in ly sol-soaked cheesecloth, 
frozen with dry ice, and preferably sent to 
a specially equipped hiboratory. If the 
pathologist wishes to conduct his own 
examinations he should carry out the 
necropsies in a special room where there 
is no chance of infcctisc inatcri.-i1 becom- 
ing dried. A special gown, rubber gloscs. 


and a suilable face mask with goggles 
should be worn by anyone in the exam- 
ining room. Inoculated mice should be 
kept in glass jars with [>crforalcd metal 
lids. Diagnostic experiments on birds 
should nut he undertaken by the in- 
ex pcncDccd. 

Smears pteparctl during necropsy from 
pcn'canlium, serous sutfacc of tiic h'ser, 
hepatic lesions, or sjslecn arc fixed fur 5 
niinutcs with methyl alcoliol and then 
sraiiicd tsitli a reliable brand of Giemsa's 
stain for 3 to 20 liours (I drop of stain to 
o ml. of .ibsoliacly neutral distilled water). 
The stained impression on the slide may 
he diflcrentiaicd rapidly in absolute alco- 
hol, imscd ill ss-atLT. dried, and examined 

(r,g.sssj. 

For rapid cx.'iininaiion, the staining 
t'lcthotls of Castaneda or of .M.icihiasciio 
fur riilcttsi.a aic scry useful. Paiticularly 
die Matcliiavclli) giscs cxrcllciu prepa- 
faiions when used as follows: A 0.25 pir 
Cent solution of basic fuJnln in distilled 
M.ntcr is prepared, and the pif adjustcil w 
7.1 with uxlium carlxitiatc. Tlie tissue 
stiiear is dricil gently witli heat, and the 
hicfivin solution (ililute c-irbolfticltsin) ii 
f'ltcrcd o\er it through a coarse filter juper 
•h a funnel. The futhsin is left on the slide 
fwr 1 miiniU'i .and is washet! olf scry rapidly 
hy dipping the slide in a solution of 0-5 
(icr cent citric acid held in a Coplin jaf- 
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:he acid solution is trashed oil veij 
. illl up wMcr. The smear is ihen sUiM 
or about 10 seconds with 1 per cen> aq^ 
,us solution ot methylene 
lent aqueous malaelute green ^ 

1955) Excellent contrast stains “ P^; 
pared alter a little practice; '“^7^ 

lular and extracellular 

stain ted, and cellular elemenu stain blue 

■’^£;S,S-^p;:?iratmii, o. e»;^ 
stained with Giemsa solution 1”“ . 

iatly itislructiie. Some gt ol., 

mend the tollowiiig staining (S a™R '' ■ 

1950); Smears alter fixing by '■“"“B , 

Itaiiied with dilute Z"'' ["“n 

tuchsiii (1:10) lor 10 .,1', e 

diifctcniiatctl scr>' rap'^lly 


• -,r;,! liehtlv counierstaincd with 

Zt: -he bedsonia paj^ks show as 

if^irne^xudaTes^l mice and 

siorprepararionsliomai sauolto ^. 

Uicy were not “J „ioally infected 

C'tlarged sheens o prepara- 
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FIG. 23.11 — Elementofy lorms 
of psittacosis virus set free from 
Qtfushed cell. Periloneol cxudo e 
of a mouse. Appro*imat<*ly 
Xl,400. 


ereen against a background ot dull lumin- 
escence (Neustroev et al., 1958, 1959). Re- 
sults oJ examination ol tissues from na- 
turally infected birds have not been su- 
perior to those with the standard methods 
described, 

In a comparative examination oi spleen 
and liver from 44 ducks by the fluorescent 
antibody technique of Coons and the in- 
direct complement fixation test, the former 
was more sensitive by about 30 per cent 
(Zclenkova and Strauss, 1963). 

Similar procedures developed by Buck- 
ley and his colleagues (1955) for recogniz- 
ing the intracellular psittacosis particles 
have been tried to rapidly diagnose ornitho- 
sis in turkeys. Explant monolayers of yolk 
sac cells were seeded svith streptomycin- 
treated specimens of tracheal slime or 
cloacal content collected on swabs from 
turkeys suspected to be diseased. By apply- 
ing the fluorescent antibody to such cul- 
tures, developmental stages of the bed- 
soniae could be recognized and identified 
early. A diagnosis of ornithosis could thus 
be rendered long before the mice or em- 
bryonated eggs yielded the agent (Donald- 
son et al., 1958). It is not known whether 
this method would be sufficiently sensibve 
and specific to be useful as a field test 
(Carski, 1961). 

Material from birds with gross lesions 
in which elementary bodies can be seen 


A ■ i 



with the microscope are excellently suited 
for isolation of the agent by inoculation 
of mice. Bacteria-free emulsions prepared 
from blood clots or fibrinous exudates are 
giten to the mice by the intranasal, m- 
iracranial. or iniraperitoneal route, 
tempts to propagate the agent directly fro 
infected birds in the yolk sac of the OT- 
bryonated egg are not always success ■ 
the parasite must first be enriched or en 
hanced in virulence by intraperitonea 
mouse passage. . 

If the bedsonia cannot be seen throup 
the microscope, for example in latent in- 
fections. separate pieces or pools 
ments of spleen, liver, and kidney o 
suspected host are ground up with ca 
borundum or s.ind to a paste and i u 
with broth to a 20 per cent suspension 
Cultures in blood broth deoxydiolate m 
dium and on blood plates ronst 
made in order to detect bacterial infec i 
(PPLO. salmonellosis. streptococcicosj>. 
aspergillosis, and others). Then 0-5 m • 
the tissue suspension is injected 
toneally into each of at least 4 mic^ ' 
isolates from pigeons, ducks, and s 
other birds are only sveakly 
mice when inoculated intraperitonea 
is often necessary to establish infectio 
additional intranasal and intracrania 
oculaiion of 0.03 ml. of the 
pension in the same animal at the 
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time. Repeated intrapcritoneal iiiocu- 
lation of the emulsion at 21-hour inten'als 
may prote usefu). Jt is preferable to treat 
contaminated suspensions tvith bacterio- 
static agents; then pass them ihiough col- 
lodion membranes nith an atcrage pore 
sire of ‘I5fl-d00nin (Meyer and Eddie, I96-1). 

Isolations of bedsonia from the jseriph- 
cral blood atid from fecal specitnens are 
the most reliable and useful diagnostic tests. 

Either dcfibrinated or freshly collccied 
blood in heparin-rinsed syringes may be 
inoctdalcd intraperiloneaily in mice. The 
clot from a blood specimen carefully col- 
lected for serum yields the agent in many 
cases. 

T<f is^st<T bcds-sit{sc /ajir cxcras. 
droppings from individual birds or cloacal 
content from dead birds are suspended in 
broth or in 10 per cent horse scrum in 
bullercd water in the proportion of 1:5 
Centrifugate at 300 times gravity for 10 
minutes and treat with streptomycin sul- 
fate in a concentration of 2 mg. per ml. 
of supernatant for several hours. The miv 
ture is inoculated in volumes of O.S ml. In- 
traperitoncally into groups of 5 to 5 mice, 
preferably 3 to 4 weeks old. The inocu- 
lated mice are then kept under observa- 
tion; the spleens arc removed from any 
that die and are emulsified and inoculated 
incranasally, intracianiany, or intraperi- 
loncalty into a fresh pair of mice. Use of 
both the intracranial and intrapcritoneal 
routes is particularly valuable. ’TTiose that 
survive are held under observation for 5 
weeks; then they are sacrificed and their 
spleens used for further passage. Highly 
virulent material from turkeys causes death 
of the mice in 4 to 10 days; few mice rc- 
co\cr. Material from pigeons, chickens, 
ducks, and some turkeys inoculated in- 
trajkcritoncally proves fatal only to a few 
mice and long alter inoculation. Repealed 
blind passages may be required to pro- 
duce fatal infectiort or peritoneal exmlatc* 
ttiitablc for microscopic examination. 

Large amounts of macerated suspected 
bird tissue emulsions may be InocuJaictl 
icJrapctitortcally into mice repcafc<llf on 
fonvecutisc days, and this cniiclics even 


spcciuieits diat cannot be freed of contami- 
nants by antimicrobial drugs and may 
yield bedsoniac Vvhen use of the embry- 
onaced egg may fail. 

The experimental disease in ilte mouse 
is not very cJjaracteristic; symptoms and 
signs consist of ruQlcd fur, apathy, closed 
eyes with discharge, and occasionally di- 
arrhea. The incubation period and the 
severity of the disease depend on the 
ainount of bedsonia in the test material, 
its iiifeciiousness, its pathogenicity, the 
rtsute of administration, and the strain of 
mice. If death occurs within 5 to 10 days 
•lie abdominal cavity is lined sviih exudate 
•hat covers the surface of the liver and is 
rich ia demxmsiy IxxSies. The liver may 
have undergone necrosis, and the spleen 
is enlarged. If death occurs between 15 
and 30 days, the distended abdominal cav- 
ity contains a tuibid effusion; the liver 
••hd spleen may be enlarged; elementary 
t>*)dics are usually scant. Isolates of low 
virulence injected intranasally cause by 
the tenth day large foci of desquamative 
alveolitis accompanied by proliferation of 
interstitial elements (Rovac, 1061). Aggrc- 
g^ites of lymphocytes around blood ves- 
sels, indicative of interstitial pneumonia, 
may lead to complete hcpaiiiaiion by the 
thirtieth day (Babudicri and Moscovici. 
1&55). 

Bactcriologtcally sterile emulsions of the 
spleen and liver, in which the elementary 
bodies arc rarely demonstrable, injected in- 
tracranially, produce choriomeningitis clin- 
ically recognizable by the paralysis iliey 
induce. Smears prepared from the me- 
ninges and choroid plexus usually show an 
chormous number of particles. They grow 
Well in ilic yolk sac epithelium or v^hen 
injected intranasally produce pneumonitis, 
•he lesions of which furnish specimens 
*V)iiabtc for microscopic examination. Dcm- 
oustration of elementary boiHcs is con- 
sidered adequate to csiablisJi a ptesump- 
rise diagnosis of ornithosis. In pregnant 
mice bedsoniac prckluce extensive inflam- 
matory and desquamative changes in she 
fetuses (.Sclicidcgger. 1953). 

Ijltoratories for the study of poultry 
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disease} may prefer the so-called diickcn 
embryo technique. The tiisuci, properly 
macerated in broth and centrifugated, and 
the supernatant, treated with antimicro- 
bial drugs, are used for inoculation of cm- 
bryonated (6- to KMay-old) eggs. The 
inoculum is introduced into the yolk sac 
or the allantoic cas'ity. Embryos dying 
after 48 hours are cultured for bacteria and 
the yolk sac membranes are examined mi- 
croscopically. In the hands of persons 
skilled in handling embryonated eggs this 
test has resulted in primary isolations 
(Dane, 1955; Fagan, 1953). Hosvevcr, only 
experienced microscopists can identify the 
elementary bodies in properly stained yolk 
sac preparations. If tissues contain bed- 
soniac in low concentration and low viru- 
lence, they may fail to kill the embryos; 
repeated passage is then required. 

For routine examinations the white 
mouse is the best indicator animal for the 
bedsoniae. 

IDENTIFICATION OF THE BEDSONIAE 

Field specimens or mouse material to be 
tested is held in lustcroid tubes at —70® C. 
until it can be examined. An agent with 
tinctorial cliaracteristics and a development 
cycle typical of the group seen in smears 
prepared from the infected mouse, bird, 
or chicken embryo yolk sac, may be fur- 
ther identified through special tests. 

Complement Fixation Test 

Mouse spleen or yolk sac material rich 
in elementary bodies is converted into a 
roctoantigen according to the procedures 
described by Meyer and Eddie (1939a and 
b) or by Dasis (1918) and then is used as 
an antigen in the direct complement fixa- 
tion test with high-iitcrcd ornithosis anti- 
serum obtained from naturally infected 
pigeons or produced in guinea pigs by 
inoculation with live bedsoniae. 

Pathosenicity Tests 

Inoculation of mice, guinea pigs, ham- 
sters, parakeets, ricebinis, and pigeons with 
suitable dilutions of bedsonia suspensions 
by different routes is useful tor diuingtush- 


ing Isolates from avian and mammalian 
sources; these tests separate, to some ex- 
tent, the psittacine from the columban and 
from the turkey isolates (Meyer and Eddie, 
1952). Most isolates from pigeons, ducks, 
jintl chickens have been of relatively low 
virulence for mice and have to be adapted 
by passage. As a rule, chicken, dose, and 
psittacine isolates induce fatal meningoen- 
trephalitis following intracerebral inocula- 
tion of pigeons. Duck isolates bring about 
temporary paralysis lasting for a week 
(Meyer and Eddie, 1952; Strauss, 1956). 

Differences in virulence of bedsoniae, 
from different bird species for mice, the 
embryonated egg, and birds (particularly 
turkeys) are striking. Since these differences 
may reflect fundamentals of the ecology 
of ornithosis and evaluation of their in- 
fectiviiy for man, such systematic studies 
by the poultry pathologist arc imperatise 
(Page, 1959c). 

In connection with pathogenicity and 
other tests, an estimate of the number of 
bedsonia panicles, or elementary bodies, is 
essential. The counting method described 
by Smith and Manire (1959) comparing the 
number of panicles with the number of 
polystyrene latex panicles, under daik- 
ficld, phase contrast, or better, fluorescent 
light, is useful and reliable. 

Cross-immunity Tests 

Subcutaneous inoculation of mice, once 
or several times, with sublclhal doses o( 
live or with large doses of killed bedsoniae 
and subsequent challenge with homologous 
or heterologous isolates may disclose resist- 
ance or susceptibility to certain isolates. 
TVhilc cross-immunity is definite, differ- 
ences, corresponding roughly to those r^ 
fleeted in pathogenicity tests, become ap 
parent. A sveakly virulent isolate may in- 
munize only against homologous challenge. 
Highly virulent isolates from psittacine 
birds or pigeons have given variable resist- 
ances against every isolate tested. 
that survived immunization with the stan^ 
ard living virulent parakeet strain 6®^ 
were resistant to 1,000 MLD of se>xm 
pigeon isolates (Smadcl et al, 1943a). The 
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results o£ these tests are difficult to ut* 
terpret with the epidemiologic evidence 
or pathogenicity tests. 

The Illinois pneumonitis strain, hi^ly 
v/rulenr for mice, has pratecced againit 
two pigeon isolates (Shaughnessy, 1955}- 
Guinea pigs that have recovered from irt* 
fection with the egret or Borg strains have 
been resistant to intraperitoneal challenge 
with turkey isolates that cause death in 
control animals in 4 or S days (Meyer and 
Eddie. 1962a). 

Lethality-Neutralization Tests 

The results this test have groupe«i 
27 isolates into at least 6 separate groups 
(Manire and Meyer. 1950c). T^is technique 
is valuable in studies on the antigenic 
lationships of members of this group, but 
it is generally of little value in detennih- 
ing the exact source of an unknown bed* 
sonia. 

Noufroilzaiion of Sodsonia tnfectivity 

Antiserum prepared by Ityperimmuniza* 
tjon of roosters with known strains is mixed 
in the test tube svith serial dilutions 
the isolate to be studied. The mixture^ 
are inoculated intranasally into mice. The 
animals are killed and examined on ih* 
tenth day. and the extent of the lung con- 
solidation is scored according to the method 
of Horsfall (1939). Using this test, iso- 
late* may be classed into several distinct 
groups quite similar to those established 
with the toxin neutralization test (Hille* 
man, 1945). 

When homologous toxic bedsonia-seruih 
mixtures in proper proportions are injected 
intravenously, usually 50 per cent of the 
mice survive. The protection is quite 
specific for certain isolates, and several 
serotypes have been identified consistently- 
A hyperimmune serum prepared with * 
p.irakeet isolate renders 1 X lO* elemen- 
tary bodies of ilie homologous strain 
nonintective. Carefully prepared serutn 
cross-reacts little, if at all, with other avian 
isolates (Meyer, 1054). 

In vitro neutralization tests of tradiomtf 
or inclusion b!ennorrhe.a in HeLa cell cul- 


ttues (Reeve and Graham, 1962) may prove 
applicable to ornithosis bedsoniae. 

Serologic Differenilation 

In preliminary studies a refined fluores- 
cent antibody technique combined with 
cross absorption of serum has proved use- 
ful for distinguishing the trachoma agents. 
It may likewise be specific for ornithosis iso- 
lates (Nichols and McComb, 1962). Species- 
specific antigens in the cell wall of the 
Iwdsonia can be demonstrated in both the 
direct and indirect complement fixation 
tests (Ross and Jenkin, 1962). It is antic- 
ipated that once the techniques have been 
developed it will be possible to establish 
eiiher the antigenic homogeneity or hetero- 
geneity among isolates from certain avian 
species suffering from ornithosis. Many 
problems in the epidemiology and ecology 
of these infections could be elucidated if 
the specific antigenic structure of a bed- 
sonia could be detennined simply and ac- 
curately. 

AH bedsoniae share a heat-stable group 
antigen ihat fixes the guinea pig comple- 
ment with the corresponding antibodies In 
the serum of man. monkeys, guinea pigs, 
cattle, sheep, psittacine birds, many 
pigeons, and ducks. They also produce 
iteat-iabile, type-specific antigens (for ex- 
ample. lymphogranuloma venereum and 
trachoma) in complement fixation tests 
witli antiserum from which the group anti- 
bodies have been absorbed (Rice. 1961). 
The direct CF test for psittacosis was de- 
veloped by Bedson and his colleagues 
(1935, 1957). It has been intensively ap- 
plied to avian serum at the Hooper Foun- 
dation (Meyer and Eddie, I9S9a, 1942; 
Meyer et ai, 1939) and modified by others. 

Antigens 

Crude antigens have been prepared from 
the spleens or the pneumonic lesions of 
infected mice. Afore recently the peritoneal 
exudate has been useil as a source ma- 
terial (Brand and LippeJf, J954). Tissue 
cultures grown in Li and Rivers fluid me- 
dium or on Zinsser-Wei-Fiupatriefc solid 
medium (Meyer and Eddie, 1939a) or yolk 
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sac preparations (Smadel et ai, 1943b) arc 
preferred by routine laboratories. Instep 
of infected yolk sac material, allantoic 
fluid rich in elementary bodies freed from 
anticomplementary substance by ether ex- 
traction (Davis, 1949), differential centrif- 
ugation, and lyophilization (Whitney and 
Gnesh, 1954) are preferred by some (Chris- 
tensen, 1957). At the Hooper Foundation 
the following readily prepared antigen is 
used. 

Inoculate 7-day-old erabryonated eggs 
directly into the yolk sac with a suspension 
of a standardized virulent psittacosis strain. 
The suspension of the adapted psittacosis 
strain to be used is standardized so that 
most of the embryos die between hour 
56 and 72 after inoculation with 0.25 ml. 
of a dilution of 1(H. This requires a strain 
that is so adapted that a dilution of 10-» 
to 10'“ kills the embryos. Harvest the 
yolk sacs as soon as possible after death of 
the embryos and examine them for elemen- 
tary bodies: if ridi in these bodies, pool 
and weigh. Grind thoroughly in a mortar 
svith sterile sand and add beef heart broth 
pH 7.0 to make a 20 per cent suspension 
(a Waring blender presents risks). Culture 
for bacterial sterility, Hold in the refrig- 
erator (0° ± 4« C.) for 3 to 6 weeks, pref- 
erably the latter. Centrifuge the emulsion 
for 30 minutes at 2,500 rpm to remove 
coarse particles, and put the supernatant 
in a heavy, sterile Pyrex flask and steam 
it in an Arnold sterilizer at 100® C. for 30 
minutes or immerse it in boiling water 
for 30 minutes. ^Vhen cool, add liquefied 
phenol to a concentration of 0.5 per cent. 
Permit the antigen to ripen in the re- 
frigerator for at least a week. If the emul- 
sion is kept sterile the antigenicity will be 
retained for at least a year. 

A soluble phosphatide antigen (Volkert 
and Christensen, 1958) is potent, stable, 
and easily produced. The method of prep- 
aration (Volkert and Christensen, 1955; 
Jorgensen et al., 1963) is as follows; fresh, 
heavily infected yolk sacs harvested on the 
third day after inoculation are boiled for 
30 minutes over a water bath, and after 
cooling, are repeatedly extracted with iQ 


volumes of cool diethyl ether. The clear 
yellow ether extract is removed; the ether 
is distilled off on a water bath at 37° C.; 
a volume of warm acetone equal to the 
volume of ether is added to the oily resi- 
due; and the mixture is shaken and held 
at 55° C. for 1 hour. The acetone is de- 
canted. and the precipitate freed from 
acetone by partial vacuum at 37° C. over- 
night. Buffered saline is used to suspend 
the fatty precipitate. This phosphatide 
antigen is extensively used in the Scandi- 
navian countries (Jdrgensen ct al, 1963) 
and the U.S.S.R. (Chervonskii and Popova. 
1959). 

A water-soluble group complement fix- 
ing antigen, efficiently extracted with so- 
dium lauryl sulfate from purified suspen- 
sions of the meningopneumonitis bedsonia, 
has been found more active than the 
phosphatide antigen or the svater-soluble 
coctoantigen (Benedict and O’Brien,^ 1956). 
The molecular configuration of this type 
of antigen renders the reactive site 
soluble antigen more readily available, 
Union of antibody and complement is be- 
liesed to be firmer than with other bed- 
sonia preparations. This type of anttgm 
has been used with varying success in the 
direct CF test with turkey serum. 

Interpretation of any CF or ICF reac- 
tions must be guided by the following: 

In (lock surveys when only a single serum 
specimen is tested, a titer of 1:4 or higher 
in the serum of pigeons, turkeys, diickws, 
ducks, or psittacine birds indicates eimer 
latency or recovery from infection. Car- 
riers and active shedders may have hig 
titers. Early in the infection, particular y 
m young birds, antibodies may not c 
demonstrable despite the presence of be 
soniae in the tissues. In a flock of pigeons 
a variable percentage of birds may bar or 
bedsoniae in spleen and kidney, but 
antibodies cannot be detected in the 
rect test. On the other hand, it may be 
impossible to isolate bedsoniae from b>r s 
with high titers. Flocks of pigeons yiekb 
ing serum reacting in titers of 1:4 to 1. 
can be assumed to harbor infected bir s. 
Invariably subinoculations of organs, 
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sjngly or in pools, have yielded bedsontae. 
The antibody reaction pattern to bedsonta 
in pigeons has been described in detail 
(Monrcal. 1958). 

It is impossible to draw sound diagnostic 
conclusions on the basis oE a test o£ one 
serum sample. If the test is being used 
to evaluate the results of chemotherapy, it 
is advisable to leg-band the pigeons and 
test the antibody levels monthly. The tiler 
either remains stationary or rises to a peak 
and then gradually dedines. The efficacy 
of attempted iramuniralion may be fol- 
lowed by similar systematic examinations. 

Petsisience of antibodies in high titer 
for months or years is strong evidence that 
the bird is latently infected, even though 
attempts to isolate the bedsonia may be 
unsuccessful in the larger birds. A rapid 
or gradual drop in antibodies may indicate 
complete recovery and disappearance of 
the bedsonia from the viscera. Repeated 
serum tests, however, may fail to furnish 
liters reflecting the actual state of infec- 
tion in an irtdividual bird. Neither can 
the infectiousness of a pigeon or psittacine 
bird be determined from a series of serum 
tests. 

Isolation of the bedsonia from the blood, 
droppings, or necropsy material remains 
the only conclusive method of diagnosis 
in individual birds, but this expensive, 
time-consuming, and destructive method 
need not be applied to detect infection in 
flocks. For this purpose the complement 
fixation test is reliable and inexpensive 
(KissUng el al., 1956). 

The commercially available lympho- 
granuloma venereum antigen Lygranum 
is not a dependable test antigen in the diag- 
nosis of ornithosis. Pigeon or human serum 
that reacts with a psittacosis antigen may 
fail to react with Lygranum (Eddie and 
Francis. 1942; D. J. Davis, 1955; Michael, 
1957), thus the existence of a flock infec- 
tion could escape detection if Lygranum 
were used. In tests of human serum re- 
ferred to the Communicable Disease Con- 
trol Section of the U.S. Public Healllr Ser- 
vice, 9.7 per cent of those positive in the 
CF test with a psittacosis antigen were 


negative with Lygranum, and 61 per cent 
of the positive titers were lower than the 
corresponding titers with psittacosis antigen 
(Bucca, 1958). Other data are quoted that 
either antigen in 2 unit amounts is suit- 
able for routine tests (Volkert and Chris- 
tensen, 1954). 

Two further limitations of this test in 
studying enzootics or epizootics of avian 
ornithosis or psittacosis deserve mention: 
(1) Handling and bleeding of the birds en- 
dangers U)Ose who are not immune. It 
should be entrusted only to persons with 
serologic evidence of a past infection or 
to those who take all of the necessary pre- 
cautions against infection, including the 
wearing of properly constructed masks. (2) 
It may be diflicult to secure enough blood 
to run the test from the peripheral ves- 
sels (wing vein or jugular vein) of small 
birds (Kissling et al., 1956). 

The direct complement fixation test is 
useful in the rapid detection of flock in- 
fections in pigeon lofts and parakeet 
aviaries. The reactor rate in pigeons sus- 
pected as sources of human infections has 
differed significantly from that in groups 
of feral pigeons that have caused no ap- 
parent illness. The latter group has had 
fewer positive reactors and lower titers 
than the former (Dekking, 1949; Jansen, 

1955) . It is advisable to test pigeon serum 
simultaneously with both the direct and the 
indirect tests. In old pigeons the indirect 
test has yielded a higher percentage of re- 
actors than the direct test. Isolation of 
bedsonia from the organs of reactors in the 
indirect test has been quite difficult Ap 
parenlly as the antigenic stimulus dimin- 
ishes, inhibiting antibody is produced be- 
fore all antibody demonstrable in either 
test finally disappears (Miles. 1954). 

Modifications of the test for fowl serum 
have been recommended: Detergent-ex- 
tracted antigens (Benedict and O’Brien, 

1956) and the usual antigens fortified with 
normal chicken serum in the presence of 
turkey serum that have not been heated, 
but have been stored at — 20° C , have 
yielded promising results (Brumfield and 
Pomeroy, 1957). Agreement between the 
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results of the direct and Indirect tests using 
detergent-extracted antigen has been found 
(Neal and Davis, 1958; Page and Bankow- 
ski, 1960). 

An extract antigen prepared from a 
Gram-negati\e coccoid bacterium closely 
related to Oaclerium anilralum has been 
used in place of the specific psittacosis an- 
tigen (V'olkert and Afatthicsen, 1956). Be- 
cause in the hands of several workers prep 
aration of the B. anitratum has not been 
uniformly successful, the modification of 
the direct test is not recommended. Pro- 
longed extraction of a saline suspension of 
a Herellealike bacterium has also been 
recommended as a substitute (Shimtiu 
and Bankowski, 1963a and b). CF titers 
with the ornithosis or psittacosis antigen 
using Brumfield’s direct CF test and ICF 
test svere tvell correlated. Though not as 
sensitive as the ICF test for avian serum, 
this modificaton with a safe and stable 
antigen, if its reliability is confirmed, 
could be readily employed as an aid in 
the presumptive diagnosis of ornithosis 
in turkey flocks. 

Indirect, or Inhibllien of. 

Complement Fixation Test 
Certain avian antiserums, including 
those from the chicken, duck, turkey, pheas- 
ant, and older pigeons, infected with bed- 
soniae do not fix guinea pig complement in 
the presence of homologous antigen (Rice, 
1918, 1961; Karrcr et al., 1930: Boulanger 
and Rice. 193-1). Certain avain antibody- 
antigen complexes fail to activate the first 
component (C^) of guinea pig cooiple- 
meni; by substituting species specific 
avian C',, the guinea pig C*j, and 
are fixed, and turkey, duck, and chicken 
scrum may be examined in a modified di- 
rect CF test (Benson et al., 1961). The 
method has not been vvidcly used because 
the ICF test has proved eilicient, sensitive, 
and specific in diagnosis and serologic sur- 
vc>s (Karrcr el a!., 1950; Morimoto et al.. 
1958: Rindge el al., 1959; Page and Ban- 
kowski, 1960: Basova and Levi, i960; 
Strauss et al., 1933; Strauss cl al., I960). 
The reaction in llie ICF test is revved by 


adding specific CF indicator antibody 
(serum from a naturally infected pigeon 
or man or from immunized animals) to the 
chicken serum-antigen mixtures; if all the 
antigens have been used to saturate the 
inhibiting substance in the poultry serum, 
then none is left to combine with comple- 
ment fixing antibody and complement 
yielding hemolysis. The rather difficult 
but valuable procedure for use in turkey 
and duck flocks is fully described (Meyer 
and Eddie, 1964), and an explanation of 
the reaction patterns has been advanced 
(Miles, 1954). The interpretation of the 
results is the same as that of the direct 
test. In routine tests with poorly collected 
serum from turkeys, the titer of 1:16 has 
been arbitrarily set as an indication ol in- 
fection and should serve as a warning that 
the disease may appear clinically or an- 
atomically on the processing line. 

Microeomplemenl Fixation Test 

Equipment and specific procedures for 
microtechniques have been refined and 
modified. Applied to the CF test and to 
the hemagglutination inhibition tests with 
standard reagents, the saving is eight-fold 
(Sever, 1962). 

Hemagglutination Inhibition and 
Conglulinoting Complement 
Absorption Tests 

The hemagglutination inhibition pro- 
cedure is simple, highly sensitive, and has 
ihe advantage of detecting complement fix- 
ing or complement fixation inhibiting an- 
tibody in bird serum (Hillemao, 1955); 
thus, both kinds of antibody may be de- 
tected in a single test. The hemagglutinin 
is apparently a phospholipid nucleoprotem 
complex, with lecithin being the agglu- 
tinating fraction and the nucleoprotem 
being the groupspecific antigenically ac- 
tive component (Gogolak and Ross, 1955)- 
One disadvantage is that the antigens have 
deteriorated during storage. The resujis 
have been less reliable as indicators of in- 
fection than the results of the ICF test 
(Bucca, 1958). The activity of the hemag- 
glutinins has been well preserved when 
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the antigen is stored at — 20°C. or —40® 
G. Some have found the hemagglutination 
inhibition test as useful a diagnostic test as 
tlie CF test (Matumoio et al., I960). A pas- 
sive hemagglutination reaction with tannic- 
acid-treated sheep red cells on whicli the 
meningopneumonitis protein antigen was 
adsorbed proved difficult to interpret, since 
correlation between the CF and hemagglu- 
tination reactions could not be discerned 
(Benedict and O-Brien. 1958). 

The conglutinating complement absorp 
cion test is not satisfactory because the an- 
ticomplemeniary titer of the antigen prep 
aration usually approaches the antigen 
liter. The results ot both tests with pigeon 
serum have been somewhat erratic (Hille- 
man, 1955). 

Aggluhnation Tests 

This antibody reaction had been studied 
only to a limited extent (Bedson, 1932; 
Laiarus and Meyer, 1939; LabioffsVy, 
1946), but interest In it has been renewed. 
Formalin-killed, purified and concentrated 
suspensions of elementary bodies prepared 
from infected mouse lungs (Babudiert and 
Secchi, 1952; Giroud and Jadin, 1954), or 
from allantoic or even yolk sac material 
(Kcal and Davis, 1958) have been spe- 
cifically agglutinated by serum from in- 
fected turkeys, chickens, parrots, parakeets, 
or mammals. Allantoic fluid, harvested 3 
to 4 days after inoculation with a virulent 
turkey isolate, is formalized, centrifugated, 
and the elementary bodies are resuspended 
in 1/10 volume in Sorenson phosphate- 
buSered water (pH 6) and dispersed by 
forcing the suspension through a 24-gauge 
needle by syringe, Giemsa's stain is added, 
and the suspension permitted to stand at 
room temperature for 36 to 48 hours. Ex- 
cess stain is removed by several washings 
with distilled water at pH 5 to 5.5. The 
elementary bodies are finally suspended in 
phosphate buffer at pH 6.0 and dispersed 
again. Final concentrations are determined 
by titration against serum of known in- 
direct fixation titer. 

Agglutination has been detected by two 
methods— rapid plate test and the more re- 


liable capillary tube technique (Mason, 
1959). Serums from infected chickens and 
turkeys have given good coarse agglutina- 
tion. The aggregates with pigeon serum 
have been finer, and with psiltacine serum, 
somewliat intermediate. There has been 
satisfactory correlation between the results 
of IGF and agglutination tests, both slide 
and capillary tube, with turkey and chicken 
serum. The results seem to be specific 
for measuring antibody to ornithosis in 
turkey serum. Reactions at dilutions of 
i;I6 or less are considered to be of ques- 
tionable significance. Findings to date sug- 
gest that the capillary tube test may be a 
valuable aid in screening turkey flocks in 
epizootic areas before marketing or in con- 
duaing cpizootiologic surveys. As a rapid 
test It is useful at autopsies when a few 
drops of serum separated from the clot 
in the ventricle of the heart may be mixed 
with the antigen and a reaction read within 
30 minutes. 

Antibodies demonstrable by the capillary 
tube agglutination and CF tests using de- 
tergent antigen appear early in the disease. 
Complement fixing antibodies persisted 
longer in the blood stream of infected 
birds than did agglutinins (Mason, 1959; 
Page and Bankowski. I960). Testing of 93 
serum samples collected during surveys of 
infected flocks indicated a close correlation 
(70 per cent) between the results of the 
CTA and IGF tests. The CF test with de- 
tergent antigen gave only a 40.2 per cent 
correlation; some turkey serum samples 
reacting in dilution of 1:256 in the IGF 
test (ailed to fix the detergent antigen 
(Mason, 1959; Meyer and Eddie, 1960, un- 
published). For a practical application it 
must be emphasized that the serologic re- 
actions determined by any one of these 
three reliable procedures (CTA, CF, IGF) 
usually do not become delectable for at 
least 10 to 16 days after infection. Early 
detection of ornithosis in a flock is of 
greatest importance in order to control 
spread of the disease and to prevent human 
infection. A sensitive specific test, for ex- 
ample, the capillary agglutination pro- 
cedure or even a slide agglutination test. 
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C3n pro\c Oic existence ol acti%-e infection 
\vith gross anatomical lesions several dajs 
before the bcilsonia is isolated. Lack, of 
a practical standard antigen has prcs'cntcd 
routine laboratory use. 

Intradermal Tests 

Crude detergent extracts of the me- 
airigopncumoniffs agent have been studied 
experimentally in chickens for the purpose 
of developing an intradermal test to detect 
ornithosis (Benedict, lD53a). Birds experi- 
incntally infected for less than 3 sveeks 
showed either no reactions or reactions of 
varied intensity (Benedict et al., 1935; 
Benedict and ^^cFarland, 1936b). The skin 
levt used in naturaJly infected Hocks yielded 
P.5 \ser cervi and the ICF test 92 per cent 
reactors, or 85 per cent agreement; in 
another less severely diseased group the 
agreement was 76 per cent (Benedict and 
McFarland, 1958). The claim by Soviet in- 
vestigators and others that intradermal 
testing is the most practical for extensive 
ornithosis sunevs is open to question 
(n'erskikh. 19j7a: Terskikh el cl., I9C2). 
For epizootiologic surveys the skin test re- 
quires repeated handling and examination 
of blriis, some of which may be infectious 
and pollute the environment in vvhicli the 
personnel is exposed during the testing. 
Tlie skin test to diagnose the infection in 
individual birds or man is unreliable; in- 
deed it vtould 1)0 subject to ihe same criti- 
cisms as have been made against the in- 
tradcrroal test for diagnosis of other infec- 
tions in man and animals. Individual 
birds and man mav react though they were 
never infected with bedsoniae. 

IMMUNITY AND ACTIVE IMMUNIZATION 
Tlic immunity is not completely under- 
stood. The immunity of many parrots 
after an attack is nonsterilc, and it was 
formerly believed that persistence of the 
psittacosis agent was obligatory for the 
immunity. More recent studies indicate 
that latency is the sequel to incoroplcie or 
delated auiosicriliution. due to host cell 
adaptation to new variants of the bedsoniae 
(Officer and Brown. 1960). In fact, con- 


siderable evidence supports the idea that 
the resistance is an innate constitutional 
one, reinforced by a short-lived infection. 
Individual squabs, chicks, parrots, or para- 
keets may resist massive injection of beil- 
soaiae. readily destroy them and never be- 
come caniers. Others either succumb to 
small doses or recover and the infective 
agent remains in their organs for years. 
Since constitutional factors determine the 
ability of birds to resist infection, it should 
be possible through selective breeding to 
develop strains of birds that will not ac- 
quire a nonsterile immunity, so eminent 
a source of persistent infection in lofts and 
aviaries (Meyer and Eddie, 1962a). 

Formalin-treated or ether-extracted, in- 
activated, concentrated bedsonia suspen- 
sions have conferred considerable Immunity 
to mice, bm have not completely prevented 
multiplication of the infcctor (Bedson, 
1938; Meyer et al., 1942b). Mice hyperim- 
munized by the intraperitoncal route with 
killed 6BC and Borg bedsonia have 
sisted 10 homologous or heterologous in- 
tracerebral or intranasal LDf,(i (Wagner el 
al., 19!$). EITcctivc immunity has been 
established when immunizing and chal- 
lenging doses have been given by the in- 
trapcritoncal route (Yanamura and Meyer, 
1942). Concentrated tissue cultures treated 
with formalin, administered intramuscu- 
larly in as many as 7 injections, have pro- 
tcctct! ricebirds and parakeets against 
homologous challenge of 100 MLD. The 
immunity has not been strong enough to 
protect against massive challenge. Prelim- 
inary experiments failed to encourage 
hope that a practical safe method of active 
immunization ol parakeets with inacuvatti 
bedsoniae could be developed (Meyer et 
al.. 1942b). 

Hughes (1947) vaccinated alternate 
pigeons from the same nest when they were 
3 weeks old and again S weeks later with 
a formalized, inactivated yolk sac pigeon 
ornithosis antigen prepared according to 
a modification of a method worked out by 
Smadcl et al. (19!3b). Wlicn the birds 
vaccinated by Hughes were exposed to nat- 
ural infection for 4 months, 6 vaednated 



birds and 5 in ihe control group died ot 

““''ewes, tomialininaclivatcd emootic 

abortion bedsonia 

■he vaccine, prepared from -"''f ^ 

tetal membrane, was ‘"“'P”" 
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experimenu are described that >«■ 
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sis vaccine in adjuvant (Meyer 

1962a). In search ol a way to prevent amte 

ornithosis in turkeys, and tn 
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following results: (1) Three ^ 
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were still gross lesions in a 
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challenge. The bedsonia was tcMvered 

Irom 14 ol 101 vaccinated 

sonemia on the tenth day alter '^''"8' 

was. as a rule, not demonstrable m vaco 

namd birds. (2) Hall of the 
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traehcal inoculation Ilk 

lection ol small doses ol a 

cosis strain. Active immunization ot fosvl 

with living attenuated bedsonia even il 

ruStsslul fs not practical and is ol doubt. 

lul value in the control ot ornithosis. 


CHEMOTHERAPY . 

Earlv studies of the effects of antimici.> 
bial dJugs on certain bedsomae revealed 

d.at they delay or stop ^e^ra 

are not completely bcdsonicidah Tetra 
^s^inreompounds have been ellect.ve in 
?,!men.. g'lven in .he dmege " “ -"f; 

embryos chlortetracycline is five 

ri:sls!?d'rfS“'as!eet!on 
ularDasis.dll- Chlortetra- 
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teritis and dehydration. latent 

fUiv studies on treatment of latent 
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ot tetracycline compounds per ml 
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of individual pige . . *, hazard 

curbed 'P''"™"’ ’ personnel (Meyer 
of infection m aviary y 1964V It 

and Eddie. 1955; A™'';Vl‘' ’c!ier state 
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the infection may be ultimately eradicated 
(Meyer et al., 1958). 

Several field trials to eradicate ornithosis 
from squab farms -with tetracycline com- 
pounds were disappointing. Intensive treat- 
ment by injection of aqueous solution or 
sesame oil preparations svith tetracycline 
failed to free the latent carriers, or the iso- 
lation procedures were inadequate and 
favored heavy reinfection (Meyer and 
Eddie, 1955). Under controlled laboratory 
conditions the mortality rate fell during 
administration of chlortetracycline in a 
concentration of 80 gm. per gallon of 
water for a month, and squabs did not be- 
come infected. Hosvever on commercial 
breeding farms where chances of reinfec- 
tion from a heavily soiled environment are 
ever present, it suppressed the bedsonia 
activity only temporarily and some birds 
have remained carriers (Shipkowiti <l at., 
1958), 

Pigeons will eat a chicken scratch feed 
containing crude chlortetracycline SF 66 
(4 per cent by weight of the feed). In 
small pilot experiments on naturally in- 
fected pigeons, 700 mg. of chloramphenicol 
per bird, administered orally continuously 
or interruptedly for 7 days, apparently ex- 
erted a promising therapeutic effect (Jan- 
sen, 1955; Fritzsche et al., 1956). Parenteral 
administration of this drug is claimed to 
cause shock and death in pigeons; such 
side effects have not been observed when 
tetracycline compounds were used. 

In a pilot field trial clinically healthy 
but latently infected (serologically proved) 
5- to 6-week-old ducklings (85 per cent in- 
fected) were offered feed that contained 
0.5 mg. of chlortetracydine/gm for 11 days 
Only traces of the drug could be found in 
the blood during treatment. AVhen the 
treated ducklings were dressed, 1 of 11 
women employees (15 to 53 years old) con- 
tracted a subclinical infection (16-fold rise 
in titer). The 4 pools of spleen and liver 
prepared from 48 treated birds yielded the 
ornithosis agent. The 500 untreated con- 
trol ducklings caused no infections, and 
only 2 of 56 organs pooled were proven 
infected with the agent (Strauss et al., 1961). 


Extensive experiences in the treatment of 
psittacosis in parakeets and parrots sug- 
gest that the dosage and duration of chem- 
otherapy were inadequate, particularly 
since the holding of the birds in large 
groups offered opportunity for continuous 
reinfection. 

Experiences with chemotherapy of para- 
keets encouraged the use of tetracycline 
compounds to suppress ornithosis in tur- 
keys. In 1952, epizootic ornithosis was 
treated svith chlortetracycline at concen- 
trations of 100 to 400 gm. per ton of feed. 
The epizootic subsided, but processing 
personnel contracted the infection in sev- 
eral instances. Subsequently pilot experi- 
ments with artificially infected turkey 
poults were reported. Treatment with 400 
and 800 gm. of drug per ton was instituted 
immediately for 7 days after infection and 
continued for 14 days, and this completely 
suppressed the infection (Davis and Dela- 
plane, 1955). In a natural outbreak tu^ 
keys were given supervised treatment with 
200 gm. of chlortetracycline per ton of 
feed for 3 weeks. Infection was suppressed, 
but at the time of processing, 288 of 1.856 
toms were condemned because of asper- 
gillosis. Residua] lesions of ornithosis were 
present, but bedsonia was not recovered by 
she chicken embryo technique from tis- 
sues removed at the time of slaughter 
(Davis and Delaplane, 1958b). Treatment 
of epizootics in Minnesota caused by bed- 
sonia of low virulence was also successful 
(Pomeroy ct at., 1957). 

These successes could not be repeate 
in the Oregon outbreaks. Three floe 
were treated, during a progressive epi- 
zootic, with chlortetracycline and oxytetra- 
cycline at a dose of 200 to 400 gm. pet 
ton of feed. The clinical response was 
favorable, but bedsoniae were isolate 
from organs of treated turkeys when proc- 
essed after 32 or 39 days of continuous 
treatment. All 3 treated flocks, svhen proc- 
essed, caused human infections. In 
tematic studies on normal and infecte 
turkeys under supervision at a poultry ex- 
periment station the oral ad lib. intake o 
pellets containing 221 to 354 gm. of oxy 



tetracycline per ton failed in 
to yield demonstrable antibiotic levels m 
the blood or organs, but these "y' 
in the cloacal contents. The fecal m 
terial contained 96 to 480 “‘“'’8'““',°' 
drug per gram. Therapent.cally effective 
levels have been found in turkeys when he 
mash contained 2,800 gm. per ton and the 
calcium level of the feed was teduced ™th 
a chelating agent (6 gm. of seqnestnn/ 
pound of feed). . . 

Because present knowledge is incom 
plete, no recommendations can be made. 

It is not unlikely that ««cyd>ne coim 

pounds in economically 

may be used to prevent severe inteclions 

“in' mn°sm?s'sion experiments 

did not spread from attiBcially 

healthy poults when the 

were fed 100 gm. of or 

of feed. Beginning on the second, third 
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aborted, mortality prevented, P-Jss '“ions 

were suooressed, antibodies did not de 

Sp, “"S the' infected wtkey’ Pmv^, 

susceptible to reinfection. In cj 

adult turkey, that recovered ho® 
si, with or Without rerracycline rhOTW 
veloped significant levels of I 
and proved resistant to ohal 

lenge (Davis and Watkins, 195^- y 
cycline (lerramycin) was unsatis ® 
therapy at 200 gm/ton. S 

of chlortetracycline did eliminat ^ 

from the tissues. When the birds w^e fed 
600 to 800 gm/ton for 3 -wee^, 
was completely prevented. P ^ 

acid and lowUium diet enhan^^*' 
chemotherapeutic efficacy of JT 

(Moore and Watkins, 1960) A ^c^ “ 
periment to test the Prop'')'”'® ““f g 

of chlortetracycline in the low level of W 

gm/ton, an amount commonly 
Mi in turkey teed tor Bt""* 1“™“^ 
under Beld conditions, on 

This low level has no inhib.ti.e effect on 
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the coura; of the infection induced by in- 
tratracheal infection even when treatment 

“Sgun immediately after mfect.on 

(Davis and Delaplane, 1955). 

‘ Another later report (Francis, 1960) M 
a field observation is encouraging. A Boex 
of 2200 Broad-Ereasled Bronze turkeys 6 
1 9 l“ks old, lost 130 to 150 birds during 
the week before ornithosis was diagnosed. 

On the fifth day after treatment, with feed 
On the r chlortetracycline/ 

“rS otS' the daily mortality 
Zpprf to 1 or 2 turkeys a day, and ate 
3 w^^k. no further deaths "“U'red T^e 

300 birds Of interest is the obseivation 

Sk-trJaS^L’r^’o- 

"■“proirged feeding of 200 to 400 go. of 
’-Se Weetive agent has to«mu=^d m be^a 

imu 

gans of turkeys ^ 

(m" “a„f|die, .958bl Atn- 

Stein el al. 1963. unpublished). 

"rofte.^ber^~ 

infections acquired v 2^ j ji, the 
poultry is give" m lame 
Suited States sought 

source of diagnosed p ^ neither 

i„onlyhalf_oEthe c-s. 

the occupation of P ^ined in 191 

souire of infection was determin 
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(57 per cent) of 333 cases (Andrews, 1957). 
Mild infections characterized by only 
malaise and minor respiratory symptoms 
undoubtedly go undiagnosed.^ 

The sources of infection in man have 
changed since the outbreaks of 1929 and 
1930 (Roger and Lupine. 1961). 

Birds of Pleasure and Show 

Since 1876 these birds have caused 4.000 
reported apparent or inapparent infections. 
Exposure to cage birds in the home or oc- 
cupational contact by bird breeders, deal- 
ers, pet shop owners, and employees in 
zoological gardens have been documented. 

Oceanic Birds 

Petrels were responsible for human out- 
breaks, principally among adult women on 
the Faeroe Islands; occasional infections 
have been traced to sea gulls (Lams $p.) 
and muttonbirds (Puffintis tenuiroslris); 
egrets are suspected in the Louisiana out- 
break of psittacosis. Human disease on the 
Faeroe Islands stopped when the killing 
and preservation of fulmars for food was 
discontinued. 

Pigeons 

Human psittacosis of pigeon origin has 
been traced to pigeon lofts or to Hocks of 
racing pigeons (Meyer and Eddie, 1942; 
D. J. Davis, 1955). On the basis of serologic 
studies (Mohr, 1954; Meyer, 1958) it is 
estimated that around 50 per cent of pigeon 
breeders have significant serum titers. Few 
cases attributable to contact with feral 
pigeons have been reported. Pigeons in 
parks and streets constitute some hazard 
to people who come into contact with the 
dust from dried droppings (Levinson et 
al., 1944; Mach el al., 1950; Fallel, 1951; 
Lupine and Sautter, 1951; Fischer. 1955; 
D. J. Davis, 1955: Shaughnessy, 1955; 
Weyer and Lippelt, 1956; Babudieri, 1956; 
Berman d ah, 1955; Ephrati-Elizur and 
Bernkopf, 1956; Parry and Griffith, 1962). 

The history of exposure often incrim- 
inates dust of pigeon-roosting or nesting 
areas without direct contact with the birds 


(Cohen et al, 1946: Boucher and Sautter, 
1951). The cleaning of wooden houses 
holding homing pigeons in the back yard 
of urban or rural dwellings constitutes an 
important risk (Meyer and Eddie, 1942: 
Dekking. 1950; Dekking and Ruys, 1951; 
Ellenbogen and Miller, 1952; Bacon, 1955; 
Dcyke and ^^cye^, 1955; Schoop and 
Kauker. 1955; Semple. 1956; Monreal. 
1959; Jansson, 1960). 

Although there seems to be no evidence 
of widespread epidemic human infection 
of pigeon origin, the reports of fatal in- 
fections in infants (Berman d af., 19a5) 
and the relatively high incidence of 
sporadic, subclinical. mild-to-severe infec- 
tions among pigeon fanciers and dealers 
indicate a public health hazard (Dekking. 
1950: D. J. Davis. 1955; Shaughnessy, 1955; 
Parry and Griffith. 1962). In flocks rcs^n- 
sible for human infections there has been 
a high proportion of reactors in the com- 
plement fixation test, and the 
agent has been isolated from 50 of M and 
from 16 of 18 pigeons examined (Mohr. 
1954; Kemmerer d al. 1956). For en^me 
studies two biochemists and two animal 
caretakers using the organs of ,**T*!! 
pigeons all proved infected by isolation 
of ilic bedsonia, and students rnaking psy- 
chological observations on visibly si 
birds acquired confirmed clinical and su 
clinical infections. These gro^P 
attest to the high contagiousness of pigeons 
in the acute stage of ornithosis. Repeate 
surveys of pigeons held for experiments i 
laboratories revealed CF titers gT^at^ 
tluin 1:32 in 30 to 50 per cent of the testea 
binls (Meyer and Eddie, 1947-62. unpu 
Hshed observations). 


Chickens 

Infection has been contracted from 
chickens only when contact has been ve^ 
close (Meyer and Eddie. 1942; Karrer d 
1950a; Duncan d al, 1952). The recogn 
tion of a single case of psittacosis in 
poultry processing plant in Connec i 
led to an industrial survey and ‘j’® . . 
oivery of 12 of 50 employees with mg 
serum titers particularly among those 



i„g direct contact (=visceratiom) »ith 
chickens (Rindge et al, 1959). 

Ducks and Geese 

Histories o! mild cases o! atypical pneu- 
monia among duclt handlers were identi 
Bed as psittacosis on Long It'and ( . 

1955) and in Virginia (Andrews, . 

many recent reports on '“"'a" 
in Central Europe document that duclw 
and geese play the same Pn“‘= 
in Czechoslovakia (Strauss 957. Stta^oB 

e. «l., 19G1; Sery et at., 1961). Ea« ^e' 
many (Kukowak, 1961a aird bl Kukowk 
el «!., 1960; Siegmund, I960. Kielsle 
1961; Ortel, 1961. 1963), Au>ma (Fnmt 
el oi., 1957), Hungary (DerzsJ 958 , Varnal 
el ol., 1960; Ddmok, 1963), 
et «i., 1961), Bulgaria k 

Roumania (Sarateanu 
the U.S.S,R. (Terskikh. 1954. 19571>) as ‘ 
keys have in the United States. 
areal during small outbreaks, (_mss 

small poultry breeding and '“““’'"I 
and then employees in 
plants are victims o£ S 

Vladimir Serf “nmbuted Tables ^ ^ 

23.7 showing the places and nuinbers h^^ 
man infections and the avian ^ . jj 
pected of causing 1,072 cases ol psittacosis 
T-AI 
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in Czechoslovakia during the past 1“ y“rs. 
tatimate contact with diseased ducks dun 

i""ltm»\rma‘'nrocc|a^^^^^^^^^ 

siirr^ruiiiuUdh,^ 

ent findings m ^ .t „i lOCO^ On a 

duS” ^''on '•£“>•55“ ""r d 

’''’\*:rLd poul ™hatcheries revealed 

belonged to the Jceams 

sonncl jn close ^ epidemiologic 

lust as observed during me » 



who hecame ill while 
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TABLE 23.7 

Possible Source of Human Cases op ORNmioso in Czechoslovakia (190-1963) 


Possible Source of Infection | 

1 Number of Cases | 

1 

Number of 
Human Cases 

On poultry 

Ouulde 

poultry farms I 


313 

165 ' 


Ducks and other poultry I 

489 

19 



30 

1 


Geese and other poultry 

475 




14 

2 


Chickens and other poultry 

172 

12 ! 


Turkeys 

1 

0 , 


Turkeys and other poultry 




Pigeons 

0 

5 , 

5 

Pheasant (imported) 

0 

1 

1 

Not indicated 

0 

32 1 

32 


not always benign. The two-phase coune 
of the disease is frequently complicated 
by meningeal manifestations and myocar- 
ditis. 

More important are the frequent re- 
crudescences that, according to (1962), 
were recorded in 94 patients within 6 
months, but more often within 1 month 
among 1,072 ornithosis cases. Many were 
relapses, since once the patients had had 
the disease they avoided contact with in- 
fected poultry. On the other hand, in 91 
persons the attack 6 to 60 months after 
their first attack must be considered rein- 
fection. They occurred during the annual 
seasonal outbreaks and only in workers 
who returned to the heavily contaminated 
environment of the farm or processing 
plants. Recrudescences were reported in 
persons who discontinued work in the 
poultry industry. During an outbreak of 
ornithosis in East Germany due to contact 
with ducks, 36 of 70 treated patients had 
one to three or more relapses from the first 
to third week after the body temperature 
had returned to normal (Gneuss and 
Koitzsch, 1961). Chloramphenicol and 
tetracycline in the total dose of 15 gm. 
(daily intake of 1.5 to 2 gm. for 7 to 10 
days) was probably inadequate. Oiha- fac- 
tors, perhaps an unusual bedsonia, may 


have been responsible for the high inci- 
dence of the relapses. Reinlcctioiis may 
reflect early treatment with antibiotics, 
hence no immunity conferred by the in- 
fections; they are not confined to the duck 
orniihosis agent but occurred in persons 
infected wiiJj psittacinc and turkey agents 
(Meyer and Eddie, J95Gc and 1962a; Irons 
et at., 1955). Care of recently hatched 
ducklings and cleaning of pens on a dui 
farm caused 6 cases of psittacosis in Austria 
(Fiirst el at., 1957). The sporadic cases dur- 
ing April through June, 1945, on f-on? 
Island were all in persons who came m 
intimate contact with ducks (Korns, 1955). 

Turkeys 

The epidemiology of the explosive out- 
breaks due to exposure to sick and grossly 
diseased turkeys deserves detailed discus- 
sion. Since 1948, and particularly 

1952, persons processing adult turkeys have 
contracted ornithosis (Table 23.8). Th^ 
CF titer in the tested sera of the workers 
who were ill increased 4- to 8-foId. 
Outbreaks, consisting of at least 96 cas« 
with 7 deaths, occurred in Giddings an 
El Campo, Texas, in 1948, 1951, 1952, an 

1953. All illnesses affected workers who 
had been dressing young turkeys ^ ^ 
Thanksgiving or Christmas market or ha 
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TAW.C23.8 _ T,„vi.« 

M*.-- > 2 f ' 

(ilw; r<«m<t.-o" R««d.l 


Date 


November, 19A8 
December, 19Sl-January. 1952 
Apnl-May. 1952 
Novanl^r-Dccember, 1952 
Apnl, 1954 

Apnl, May, June. 1954 
April, May, June. 1954 
Slay. 1954 
May, 1954 
May, 1954 

September, 1956 .. 

Dumber, 1957-Januafy, 1958 

December, 1954 

lanuary-May, 1956 
December, 1957 

February-December. 1958 
January-Oeeember, 1959 
laauan^Oeeember, 1960 
January, 1957 
Auguat-December, 1956 
January, 1958 
1956 

Mayjune, 1957 
January-Decembef, 1960 

January-December, 1961 
January-Dccember, 1961 

December, 1961 


Place 

Teaaa 

GUlUmga 

GiUdiciga 

GtUkllDg* 

OCampo 

Corucana 

l^mpasa* 

llrady 

Taylor 

Comanclie 

Houicon. MarliO 
t ampasas 
New Irney 
Dutch Neck , 

Oregon I 

Portland, 

Portland I 

Portland. Salem 
Portland. Salem 
Portland. Salem 

Pennsylvania 
' \N Kconan 
Wkcoomii 
w astuneton 
n...nh Columbja 
Vancouver 

r^hfomia 

Portland, Salem 
finuth DaVpta 
Texas 

Dewitt. Yoakum 



been handling adult bird, 
end ot the cgg-laying 
ranged in seteiiiy from mmor 
lilc arracts to fatal toxemia. I 

in tthich X-rays were made, evidence 
pneumonitis was observed. nresum- 

The elinieal attack rate ■» 'f 
ably exposed workers was • ^ 

despite the fact that , nsittaco- 

ihree years earlier an oulbrea P 

sis had occurred in workers m 
Eight of 22 persons who had ^ 

1948 were again exi^sed as P . 
eviscerators in 1951. Five esc P^ 
ently immune) but S suBered 


Nine others apparently “^j^q/i 952 . 

tients. In an outbreak from p 
Tuly. 1954. over 264 | 1955). 

and one of them died (Jro 'member 

No cases were reported j in the 

dirough December Jnt low inci- 

perlod there was an appa« ^n the 
dence of visibly ^ive ^measures 

processing lines. Pj 

adopted by some P'* .yhe extent to 

keep the incidence low- 
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which acquired immunity o£ the workers 
might participate would be difficult to 
learn In 1953 the National Office o£ Vital 
Statistics. Public Health Service, U5. De- 
partment of Health, Education, and Wel- 
fare, listed only I, possibly 2, human in- 
fections resulting from contact with tur- 
keys in Texas. 

The processing of visibly diseased tur- 
keys in California in 1954 did not cause 
infection in workers in the plant. Of 88 
employees tested, the sera of S gave CF re- 
actions. Sera from residents or employees 
of the turkey ranch where the infected 
flock was raised did not give CF reactions 
This is the first instance in which a bed- 
sonia isolate of low virulence was found. 

A thorough study of several outbreaks 
in Oregon disclosed the following: Of IS 
workers on a farm where many birds had 
died of ornithosis, 2 were ill and I had 
died in February 1956. Of 9 workers on 
the other affected farm, 3 were ill when 
the epidcmiologir investigations were un- 
dertaken The serologic reaction of 1 was 
positise and of the other 2 suggestive of 
psittacosis. At a rendering plant where 
tlead turkeys from both farms were taken, 
70 per cent of the employees (5 cases con- 
firmed, 21 probable) had ornithosis. In a 
private home where some of the turkeys 
were dressed, the husband contracted severe 
psittacosis pneumonitis, proved by isola- 
tion of the bedsonia, and died; the svife 
recovered from a respiratory infection and 
had a CF liter. 

During May, 1956, of 102 workers in a 
processing plant where apparently healthy 
turkeys from a third nearby farm were 
processed, 52 developed signs of ornitho- 
sis. Complement fixation tests were posi- 
tive in 7. 

Of 86 persons who became ill (2 deaths) 
in the 1956 outbreaks in Oregon. 5 worked 
on turkey farms. 55 svere employed as 
poultry processors, and 29 were employed 
in rendering plants. Hospitalization was 
required by 28, sometimes for several 
weeks. The infection was believed to have 
been air-bomc, because many of the 
affected persons did not have physical con- 


tact svith turkey carcasses (Scruggs, 1957) 
The rendering (converting diseased car- 
casses into fertilizer) did aeate infectise 
aerosols, as subsequent studies demon- 
strated (Spendlove, 1957). Diagnosis of 
psittacosis was based on the results of 
serologic tests interpreted with clinical and 
epidemiologic data. A total of 313 persons 
in contact with diseased turkeys or turkey 
products or exposed to aerosols and dust 
created by the handling, processing, or 
disposing of sudi birds, svho contracted an 
illness like psittacosis were classified as con- 
firmed, probable, or possible cases. Persons 
in direct contact who had no illness. but 
in tvliom a 4-fold or greater rise in CF an- 
tibody titers was demonstrated weie clas- 
sified as inapparent infections. Only 9 of 
the 95 serologically recognized infections 
were subclinical or inapparent. The at- 
wck rate ranged from 21.8 to 48.8 per 
cent in processing plants and was as liigli 
as 71 per cent in rendering plants. Ex- 
posure to a liighly virulent bedsonia in- 
duced a luglier incidence of clinical than 
subclinical infections. 

In this respect it differed from that noted 
m poultry plants in which only ducks, 
geese, and chickens are processed. Though 
psittacosis acquired through exposure to 
ducks may be just as severe as psittacosis 
contacted from psittacine birds or turkeys, 
the relationship of 1 clinical to 2 subclini- 
cal infections lends some support to the 
contention that infections originating from 
water fowl and other poultry are milder. 
Generalization should be avoided, but the 
several observations (Graber, 1957, 1959, 
Meyer and Eddie, 1962a) imply that clinical 
cases are fewer when workers are exposed 
to turkeys infected with ornithosis agents 
of low virulence than when the strains 
are highly virulent. 

Epidemiologists trying to analyze occu- 
pational ornithosis in processing plaM* 
have found it difficult to interpret the 
antibody titers of the employees since it 
was soon recognized that a variable per- 
centage had titers at the time they contract- 
ed the illnesses that clinically were n^ 
typical for psittacosis. During theoutbreau 
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in Oregon, blood specimens routinely taken 
from the employees in several processing 
plants before they became involved in out- 
breaks furnished a serologic baseline that 
aided in diagnosing the illnesses among 
the workers. 

Observations on serologic baselines led 
to the suggestion that a rough estimate of 
the degree of exposure or the incidence of 
ornithosis in poultry flocks at certain times 
of the year could be obtained if serologic 
tests were made at frequent intervals (Mc- 
Culloh, 1955; Rosen, 1955; Osgood et ah, 
1956; Dickinson et ah, 1957; Graber, 1957; 
Hines et ah, 1957; Rindge et al., 1959). 
This reasoning is justified because with 
few exceptions illness among the employees 
has served as a sentinel for the unrecog- 
nized or often incorrectly diagnosed epizo- 
otics in turkeys that came to slaughter 
Baseline antibody reactions are equally im- 
portant to support decisions about whether 
an illness in a plant worker is acute psitta- 
cosis, a reinfection, or a relapse and 
whether he is entitled to compensation. 

MODE OF TRANSMISSION 

There are three known pathways of 
transmission from bird to man which are 
m order of Importance. (1) through circu- 
lation of the bedsoniae in the air (F3g. 
23.12), (2) through handling sick or dead 
birds or having contact with feathers, ex- 
creta, or nasal discharges of sick or latently 
infected birds and (3) through bice wounds. 
The ease with which inhalation of bed- 
soniae induces pneumonic lesions in sus- 
ceptible mammals points directly to the 
respiratory tract as the principal entry. 
Handling of sick or dead birds or contact 
with feathers soiled with infective dis- 
charges or excreta or with droppings from 
latently infected flocks— all capable of 
creating bedsonia-carrying aerosols— arc 
fully proved modes of infection (Rugicro 
et ah, 1950; Mumme, 1955; Osgood el al., 
1956; Spendlove, 1957). In experimental 
studies on primates (McGavran el ah, 
1962) the psittacosis agent was seen to be 
impinged along the respiratory bronchiole. 
U spread, perhaps along the lymphatics. 


and lobular and confluent lobular pneu- 
monia resulted from extension of the single 
focus. Recovery of bedsoniae from the 
blood, liver, and spleen emphasizes the 
systemic nature of the infection. 

Tlie clinical nature of the illness is re- 
lated to the dose and virulence of the 
bedsonia ^Gordon et ah, 1957) and to the 
portal of entry. Little is known about the 
possibility of infection of man by the 
gastrointestinal tract. The bovine en- 
teritis agent is excreted in the feces of 
cattle, and when it is fed to calves it in- 
duces illness, but the relation of this and 
the ornithosis and psittacosis agents, also 
excreted, to human disease is unexplored. 
It seems possible that the infector might 
be swallowed after hand to mouth trans- 
mission from the environment of an in- 
fected biid. As far as is known, human 
beings have not contracted psittacosis by 
ingestion of infected poultry. Bedsoniae 
are destroyed by heat, and poultry U or- 
dinarily cooked long enough to destroy 
them. When concentrated highly infec- 
tious suspensions of the turkey ornithosis 
agent were spread on bread and given to 
mice they contracted generalized infections, 
most of them accompanied by pneumonia 
(Page, 1959a). 

Poultry ornithosis can spread to any 
susceptible person in contact with an in- 
fected bird or its infective excretions. The 
probability of infection roughly parallels 
the extent of exposure, but high suscep- 
tibility, high virulence, or both may make 
even short exposure a risk. 

The poultry flock in this country may be 
a smalt one raised by a fanner to supply 
his own family with food, or it may be an 
enormous commercial venture concerned 
with flocks numbering in the ten thou- 
sands. Those who may contract the infec- 
tion from the flock are flockowners and 
their families and neighbors, anyone who 
visits the premises for any reason, flock 
caretakers, and anyone whom the flock- 
owner may call in io_ the flock 

when the illn«s bccom 
as feed company ’ 1 products • 

representatives, * ■ " ’ spe- 



aerogenic route of infection 

OCCUPATIONAL- ACCIDENTAL 
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1955), and workers handling turkey bed- 
soniae from Oregon and New Jersey have 
also become infected. 

The case fatality rate for the outbreak 
of psittacosis due to contact with pshtacine 
birds in 1892 was 35 per cent in France, 
and in 1929 and 1930 involving many 
countries, nearly 20 per cent. In some 
outbreaks it was 40 to 100 per cent, but 
with the recognition of mild infections the 
rate was about 10 per cent. Then with 
the introduction of antimicrobial drugs it 
has fallen to 5 per cent in the United 
States and to 3 5 per cent (86 cases) in 
Germany (Haussman el at., 1956) and on 
down to 0 5 per cent in 550 cases during 
1955 to 1957 (Reinwcin and Waltlier, 1961). 
Most of the patients who died were 40 to 
60 years old. A recent analysis of the 
Faeroe Island outbreaks due to conuct 
with infected petrels corrects previous sta- 
tistics, It revealed that in the over-all re- 
ported mortality of 22 per cent (182 cases 
with 40 deaths), there existed a noteworthy 
difference in the fatality rates of nonpreg- 
nant and pregnant svomen. In men and 
nonpregnant women the rate tvas 162 per 
cent (154 with 25 deaths) but In M preg- 
nant women with 1 1 deaths, it rose to 78 
per cent (Vaag, 1959). 

Under the title, "Domesticated pigeons 
do not carry or spread disease to human 
beings,” the author of "The Pigeon," Wen- 
dell M. Levi (1960), repeats that pigeons 
are not potentially dangerous as spreaders 
of psittacosis, that the human fatality of 
1 per cent misrepresents the case, and that 
children under 10 years old cannot catch 
psittacosis. Present knowledge contradicts 
these statements; (I) All recent studies and 
reviews, not all officially recorded, support 
the view that the pigeon is a noteworthy 
reservoir of ornithosis throughout the 
world, causing clinical and subclinical hu- 
man infections (Jansson, 1960) (2) In the 
164 cases of psittacosis proved epidemio- 
logically and in some instances through 
isolation of a bedsonia of low virulence, 
8 patients (4.8 per cent) died; some patients 
died even though they had been treated 
with antimicrobial drugs. (3) Infants and 
children may die of psittacosis (Berman 


et at., 1955; Ephrati-Elizur and Bemkopf, 
1956); in fact, the case fatality rate in 24 
cases epidemiologically assumed to be due 
to contact with pigeons was 33 per cent. 

The mortality in poultry-particularly 
turkey— processing plant employees has cer- 
tainly not been negligible: 2 of 22 in one 
outbreak, 4 of 44 in another (Irons et al, 

1955) , 2 of 86 in another (Osgood et al, 

1956) , and 1 of 41 in two plants in Texas 
(Leadiman and Yow, 1958). The deaths 
occurred in cases not clinically recognized 
as psittacosis: broad-spectrum antibiotic 
therapy either was not instituted at all or 
was mudi delayed, or tlic injury to the 
liver and kidney was by then so extensive 
that treatment was ineffectual (Yow el al, 
1959). Despite the low death rate of 1.3 
per cent in 150 cases observed during some 
outbreaks due to contact with ducks, orni- 
thosis is a serious disease; the convales- 
cence may be long and tedious. Even after 
a year of convalescence, working capacity 
may be rcsiricicd and it may lead to severe 
involvement of the cardiopulmonary sys- 
tem (Strauss, 1957). 

PROPHYLAXIS, SUPPRESSIVE AND 
CONTROL MEASURES 

Prophylaxis and control of ornithosis in 
poultry must lake into consideration (1) 
prevention of epizootics and spread of in- 
fection among poultry, (2) protection of 
the flockowner and workers in processing 
and rendering plants, and (3) the con- 
sumer. In the United States, the official 
steps taken can be applied to poultry in 
general, though they were adopted as 
measures against occupational human 
psittacosis due to diseased turkeys. Ger- 
man veterinarians recommend that orni- 
thosis in pigeons be suppressed by reduc- 
ing the feral pigeon population in cities 
and fay treating racing pigeons with anti- 
microbial drugs at regular intervals (Mon- 
real. 1963). 

Measures to Prevent Ornithosis on 
Poultry Farms 

The United States Department of Agri- 
culture, according to a regulation passed 
on April 9, 1957, prohibits the movement 
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of poultry, carcasses, and offal from prem- 
ises where the existence of ornithosis has 
been proved by isolation of the bedsonia. 
The Agricultural Research Service, U,S. 
Department of Agriculture, and the Food 
and Drug Administration forbid movement 
of all birds trom infected fleets in inter- 
state commerce. 

Until the means by which this infection 
spreads has been learned, the flockowner 
can only apply the general principles of 
control of infectious diseases. He should 
be informed about this disease through 
agricultural authorities and trade journals. 
If he finds evidence of disease during daily 
observation of his flock, he should at once 
isolate any sick birds and submit dead 
birds to a poultry laboratory. This is very 
important because sick birds excrete bed- 
soniae and the environment can become 
hopelessly contaminated as an epizootic 
progresses. Early isolation of the sick birds 
might go a long way toward checking its 
spread throughout a flock. 

The acquisition ol infected poultry is a 
means of introducing the disease into a 
flock. All breeders should make every ef- 
fort to acquire any new stock from flocks 
known to be free from this infection. 

Immunization has not been considered 
warranted. It would be necessary first to 
develop an effective immunizing prepara- 
tion, a potentially difficult research prob- 
lem, and then to sob-e the problems, tech- 
nical and economic, of commercial produc- 
tion. This would be a major undertaking, 
and it is questionable whether a vaccine 
could be produced at a cost low enough 
to permit its routine use. The outlook is 
not very promising. 

Once the infection has been diagnosed 
another difficult control problem is ap- 
parent. Treatment with antibiotics in the 
feed or water does reduce morbidity and 
mortality, but it is expensive and, with 
the dosage and treatment schedule recom- 
mended, of uncertain effectiveness. For the 
time being, if virulent ornithosis has been 
proved to exist on a farm it is imperative 
to depopulate the entire premises of birds 
in a manner to be decided by the agricul- 
tural disease control agency in consulta- 


tion with the local or state health depart- 
ment Dead birds should be disposed of 
in some tvay that insures that the bedsoniac 
will not be spread, either to other birds or 
to man. The methods have been described 
by Bodenweiser and Peterson (1958), Eggs 
froat ififected flocks should he thoroughly 
disinfected and hatched in separate incuba- 
tors. There are no restrictions of the move- 
ment of eggs from infected flocks. Hatch- 
erymen have refused to handle eggs from 
farms where the infection may be wide- 
spread; no assurance can be furnished that 
tiiey are not unknotringly handling eggs 
from infected flocks. Poults should be un- 
der observation and supervision by the 
poultry division of the state department of 
agriculture. All poultry quarters should be 
thoroughly disinfected with hot lye solu- 
tion after the disposal of the infected flock. 
The cost to the flockowner and the cost 
of comwuoiis supervision make it seem 
unlikely that ornichosis-free flocks can be 
established. 

The poultry industry should stimulate 
greater interest in the specific diagnosis of 
poultry diseases, and it may be found 
necessary for more diagnostic laboratories 
to include tests for ornithosis. This already 
seems warranted. Any excess of serum 
samples collected for Salmonella pullorum 
tests could be used. The existence of orni- 
thosis can be readily established through 
scrum tests and examination of a few sick 
birds. Although neither the clinical course 
nor the gross lesions are characteristic 
enough to allow diagnosis without bed- 
sonia isolation, or at least serologic tests, 
the existence of a diarrheal or respiratory 
infection causing exudation on organs of 
the peritoneal cavity should provoke sus- 
picion. Agricultural agencies should in- 
sist that poultry inspection services report 
any suspicious lesions observed on the proc- 
essing line (Meyer, 1955). 

Protective Measures Against Human 
Infections In Processing Plants 

Any poultry diagnostic laboratory that 
recr^niies orniihosis in poultry should at 
once notify public health authorities so 
that they can advise physicians in the 
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area of the possibility of human infection. 
The flockowner must be informed that he, 
his family, flock caretakers, and anyone 
who comes on the premises may be under 
exposure and at risk of infection. The 
symptoms of the oncoming disease should 
be described so that medical attention will 
be sought early in the course. Care of a 
flock undergoing a severe epizootic re- 
cjuires extra work, and this may lower the 
resistance of the caretakers. 

Unfortunately the processing plant group 
has been the first point at which the in- 
fection in the flocks has been rect^ized, 
especially m the turkey outbreaks. Ideally, 
if the infection had already been diagnosed 
in the flock this group would never come 
into contact with the bedsonia. When 
flocks Tvith high infection rates caused by 
highly infective bedsonia are processed, 
the incidence of disease and latent infec- 
tion among processing plant personnel will 
be high, The plants can be expected to 
refuse to process flocks in which the in- 
fection is suspected rather than subject 
plant personnel to the risk. If the plant 
were to send out inspectors to observe the 
flock before it is moved into the plant, the 
inspector might notice signs of the infec- 
tion such as droopiness of the birds and 
evidence of extensive diarrhea in yellowish 
droppings. Although this alone cannot be 
relied on to reveal the infection, it is a 
necessary part of the inspection. General 
sanitation and ventilation in the plant 
might lower the risk, but exposure in cer- 
tain phases of the processing is likely to 
be extensive. If the flock is to be processed 
despite the suspicion of infection, the per- 
sonnel must take pains to minimize dis- 
tribution of the infective particles adherent 
to the svings and in the organs, but par- 
ticularly the exudates and feces should be 
regarded as highly infectious (Meyer, 1964). 

The poultry meat inspector must 
promptly notify his superior and the plant 
manager when he encounters gross lesions 
suggestive of ornithosis. Laboratory tests 
must decide whether the lesions arc caused 
by bedsonia or other agents. 

Unfortunately, most of the processors 


have already been exposed when the diag- 
nosis is made. Then the personnel must 
be informed of the possibilities and all 
physicians in the area must be notified. 
Now that effective treatment is possible, 
serious illness or death can be prevented 
in most cases if treatment is given early 
enough. The problem has been that the 
infection has not been recognized, some- 
times not until after several people have 
died of psittacosis pneumonitis. 

In districts where turkey ornithosis an- 
nually appears as latent epizootics of vary- 
ing intensity, contact with grossly diseased 
carcasses passing through processing plants 
where the birds are dressed is unavoidable. 
Employees of such establishments should 
be under constant public health and oc- 
cupational hygiene supervision; serologic 
tests should be made at frequent intervals. 
If they have been exposed to diseased birds 
they should remain under medical super- 
vision and care. In case they contract 
psittacosis they roust be treated thoroughly 
with antibiotic drugs. 

To protect rendering plant employees, 
such as truck drivers and plant workers, 
one problem is to prevent formation of 
heavily infected aerosols during plant op- 
erations. The bedsonia is destroyed within 
5% to 5 minutes at 132.8® F. (56® C.), so 
that after proper cooking the byproducts 
can be considered safe. Rendering plants 
should install any special equipment 
needed, the plants should be well venti- 
lated, and the ventilation systems should 
be constructed so that they constitute no 
risk (see Oregon State Board of Health: 
Joint Statement of Policy, etc., 1956). 

Protection of home processors is con- 
siderably more complicated, but this group 
should be observed, especially if processing 
plants reject flocks and unsaupulous pou - 
try raisers are left to dispose of their flocks 
in any way possible. 

Protection of the Consumer 

So far as is known the infection 
been contracted through ingestion. Th^ 
danger of infection in market poultry ** 
in the eviscerating, and it has been con- 
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tracted in the dressing of even frozen 
birds (Bowmer, 1958). The U.S. Depan- 
ment of Agriculture Reg:uIatioru Govern- 
ing the Inspection of Poultry and Poultry 
Products (1961) recommended that the sale 
of birds from which the viscera have not 
been removed be prohibited, and if this 
recommendation were followed, the per- 
son who prepares the birds for the table 
would be protected. The finding of anti- 
bodies against the group antigen in people 
nho have had no known contact with 
psiitacinc birds suggests that poultry dress- 
ing may have introduced the infection and 
that it went undiagnosed. It is fairly cer- 
tain that ornithosis has been prevalent on 
pigeon and duck farms for some time, and 
doubtless thousands of infected birds have 
been distributed through commercial 
channels without recognized barm to the 
consumer. 

Early public actiotvs prompted by out- 
breaks of psittacosis among the personnel 
on breeding and fattening farms of water 
fowl, particularly ducks and geese, mainly 
in eastern Europe, devoted considerable 
speculation to preventive measures (Kiel- 
stein, 1961). After the war, keeping and 
fattening o! ducks became a profitable un- 
dertaking since a breed of ducks tvas de- 
veloped that, under optimal conditions of 
feeding, was ready for consumption within 
8 to 9 tveekj. The rapidly growing in- 
dustry presented many new problems and 
risks to the operators and employees of 
processing plants. Since the early investi- 
gators were epidemiologists and public 
health workers their interest focussed on 
ps*i3V«ju.lUTT of ciVe worierK' efiey twrant- 
mously agreed that the establishment of 
ornithosis-free duck breeding and fattening 
farms would eliminate human disease. 
Subsequent investigations by veterinarians 
showed chat this would be difficult because 
of the complexities of the already known 
and the many unknown factors on the 
farms. According to the latest reports of 
experts, the hygienic measures must take 
into consideration the following: proper 
intensive and diversified feeding, avoidance 
of crowding of the birds on stagnant pol- 


luted water, installation of running water, 
drainage through concrete-lined interchan- 
nels, and repeated serologic examination 
of duck blood samples in order to gauge 
the extent of the ornithosis in the flocks. 
Tlicse measures may check the progressive 
epizootization of the duck population and 
in turn reduce the number of infected 
birds (flat reach the poultry processing 
plant. Heavily infected flocks should be 
promptly slaughtered and processed under 
veterinary and medical supervision. 

Complete eradication of ornithosis is not 
anticipated in the near future. Every rea- 
sonable means, however, should be adopted 
to keep the infection rate of the flocks 
low. Atienilon must be paid to ducklings 
infected in the egg. When visibly sick, 
they must be isolated. The risk of infec- 
tion to duck flocks through contact with 
wild birds is considered minimal (Voigt 
ct al., 1962). To reduce the build-up of 
the bedsonia infection within the duck 
population and their environment, IVolff 
(1961) recommended chemotherapy and 
prophylaxis similar to that used in the 
U.S.A. on turkey farms. The experiences 
with attempts to free pigeon flocks from 
ornithosis (Meyer and Eddie, 1955; Ship- 
kowitz et al, 1958) should warn the pro- 
ponents that this type of prophylactic 
measure, even if partially effective, is eco- 
nomically and administratively impracti- 
cal. All control measures must adapt them- 
selves to the prevailing epizootic, regional, 
and economic situations. 

Until the measures outlined have been 
tested and proved effective, the German 
jnYysnnki'K' atnf jci'cnwjninTi- Arsm* cAav *tvj- 
efforts be spared to protect the poultry 
farmers, their families, and the workers 
in the poultry plants by breaking the trans- 
mission chain from ducks and geese to 
man. Efforts should be made to recognize 
the epidemic and sporadic human cases 
through constant medical supervision and 
prolonged chemotherapy (Grantova and 
Milek, 1962). Of special interest are the 
following actions taken: Regulations have 
been promulgated to enforce prolonged 
scalding of the carcasses at temperatures 
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above 60® C. (140® F.) (Grahneis and Horn, eliminated. Distant transportation and 

1961), mechanical plucking of feathers, and holding of the birds without food and 

evisceration in order to reduce infective water in crowded cages for long periods 

aerosols. This procedure does not prevent before slaughter, particularly during July 

contact or “smear" infections. Continuous to October tvhen ornithosis is prevalent, 

disinfection within the processing plant sliould be avoided. Combinations of en- 

and proper spacing of the employees on vironmental stresses contribute to the con* 

the working benches in the installations is version of latent to active infection with 

considered important. Since personnel heavy shedding and dispensing of the in- 

continuously exposed to bedsonia may ac* fective agent within and without the bird 

quire some resistance it is recommended delivered to the plants (WolIF, 1961; 

that inexperienced susceptible housewife Thamm, 1964). 

brigades should not be drafted in emer- Early recognition of ornithosis in poul- 
gencies for service in poultry processing try. in particular turkey and duck farms, 

plants. To minimize concentration of the is essential and basic in providing effective 

infective agent the flock should be observed hygienic and prophylactic measures to pre- 

antemortem and any visibly sick birds vent losses and human infections. 
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Avian Eneephalomyelilis 
(Epidemic Tremor) 


Avian encephalomyelitis (AE) is 
inieelion vthich ailect. 
chickens and is characteriied Jta’tm 
and tremor, especialiy oi the . 
neck. Jones (1M2. 1934) first 
and designated this disease as P . 
tremor. However, later the name 
avian encephalomyelUis was 
malady by Van Roekel el a . (im 
In 1939 the binomial, avian 
myelitis, was recommended 
mittee on Poultry Disease o 
of the American Veterinary Medical As 
sodation (Beach. 1939). 


HISTORY AND DISTRIBUTION 

Jones (1932. 1931) first encounter^ me 
diiase in May. 1930. in 

Island Red chicks received from 

metcial Ilock. Only tremor, but no 
was observed in this -“"rreeb- 
1931, a second outbreak was o 
l.SAeek. and 4.TAeek-oId d«cks on^ 
ferent farms, but originating 
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gfess 

and New Hampshire. Since then, an 
l^^asine incidence of the disease has been 
by others from widely separated 

"fccent survey, in this and ether conn- 
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culture Organizatiori of the United Na- 
tions, reveals that tliere are countries on 
each continent where the disease is either 
suspected or has been confirmed (Animal 
Health Branch, I9G3). This is not surpris- 
ing since many countries in the various 
parts of the world have received stock 
from the United States where the disease 
is widespread. The virus may be egg borne 
and hence disease may be disseminated via 
the egg or through )oung chicks. Its be- 
havior is very similar wherever it occurs 
and may be a serious economic problem in 
the broiler industry, hatcheries, and in cer- 
tain breeding establishments. Its sudden ap- 
pearance, often with great severity and 
unpredictable duration, are reasons for 
great concern on the part of the breeder, 
hatchcryman, and broiler producer. While 
not a major threat to the industry at large, 
it may be of great economic significance to 
those individuals who experience the dis- 
ease in their flocks. Adjustments for chick 
losses from the disease have been very cost- 
ly to haicherymen and hatching-egg pro- 
ducers. 

ETIOLOGY 

Jones (193 i) was the first to propagate 
successfully the causative agent of the dis- 
ease in susceptible chicks by intracerebral 
(1C) inoculation with brain material 
from spontaneous cases. Experimental in- 
fections in chicks revealed signs of the 
disease C to 44 days, with an average of 12 
to 23 days, after intracerebral inoculation. 
The disease was produced more readily 
upon increased serial passage of the agent 
in Utc chicks. Similar observations have 
been reported by other workers (Oliuky, 
1939: V'an Roekel el ai, 1938; jungherr, 
1939). Jones (1934) demonstrated that 
the agent was filterable through Seitz and 
Berkcfcld N filters and that the virus in 
brain tissue could be presened in 50 per 
cent glycerin for at least C9 days. Van 
Roekel et al. (1938) confirmed the fil- 
icrability of the agent through Seiu and 
celloidin filters, and Olitsky (1939) re- 
ported tlie agent capable of passing 
through Sciu 1 and 2 disc filters and 


Berkefeld V and N candles. Later, by 
gradocol membrane filtration, the virus 
was reported to have a diameter of 20 to 
30 m^ (Olitsky and Bauer, 1939). In sedi- 
mentation of the virus through centrif- 
ugation, Jungherr and Minard (1942) 
were successful in obtaining a noninfective 
supemate at 20.000 r.p.m., while the sedi- 
ment induced infection. Olitsky (1939) 
was unsuccessful in demonstrating com- 
plete sedimentation of the virulent virus 
after angle centrifugation at 5,400 and 
12,000 r.p.m. for one hour. 

Fresh hatching eggs and embryonaung 
eggs, 5 to 17 days old, inoculated with virus 
brain suspensions by various routes, have 
produced chicks with signs of the disease 
(Van Roekel et al, 1939, 1941). Among 
807 fresh hatching eggs inoculated in nine 
different trials, and then incubated, only 
149 chicks hatched, of which 71 showed 
signs of AE, some as early as on the day 
of hatching. Among 370 embryonating 
eggs inoculated at 10 to 11 days of age, 
206 chicks hatched and 44 manifested signs 
of the disease. These observations were 
confirmed in pan by Jungherr and Minard 
(1942), but they reported that inowUtion 
of the agent via the chorio-allantoic route 
failed to produce evidence of the disease 
in the hatched chicks. Likewise, Kligler 
and Olitsky (1940) could not demoristrate 
the virus in the allantois 4 days after inocu- 
lation. On the contrary, Feibel el al 
(1952) were able to demonstrate the 
presence of the virus in the allantoic fluid 
in dead and live embryos 7 days post 
inoculation. 

Recently, the successful propagation ol 
the virus in embryonating eggs via intra- 
ocular. allantoic cavity, and yolk sac routes 
has been reported (Jungherr el al, lOao* 
Wills and Moullhrop, 1956; Sumner el al.. 
1957a). The behavior of this virus m 
chicken embryos will be desaibed under 
pathogenesis. . , 

Multiplication of the virus in Maitlan 
type cultures of minced whole embO® 
tissue in vitro in the presence of chick 
serum has been reported by Kligler an 
Oituky (1940). Virus growth was not de- 
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tected in this medium when embryo brain 
was substituted for whole embryo tissue. 
Propagation of the virus in tissue culture 
has not been reported. 

Olitsky (I9S9) also investigated the be- 
havior of the virus of eastern equine en- 
cephaloia)'elitis in chickens and found 
that it differed from AE virus, 

PATHOGENESIS 

Primary isolation of the virus by chick 
inoculation may yield variable or negative 
results even though brain material is used 
as inoculum via the IG route. Jones (1934) 
inoculated 91 chickens IC with brain and 
spinal cord suspensions and obtained posi- 
tive evidence of the disease in only 5 birds. 
3 developing symptoms and 2 manifesting 
only lesions. She concluded that the in- 
fective agent was present in the brains in 
only a small poporiion of the chicks 
selected for the inoculum. Jungherr and 
Minard (1942) found that among 19 
spontaneous cases of AE, 11 ukes were 
, obtained in inoculated chicks on first pas- 
I sage and only 5 could be passaged regu- 
^ larly. The percentage of takes on fint 
' passage varied from 33 to 100 with an 
\ average of 41. The incubation period 
’ varied from 18 to 70 days with an average 
of 28 days, and the titers of the strains 

' ranged from 10-* to 10-®. These workers 

' also stated that the virus concentrations 

' in original material were either low- or 

^ sub-infective. However, these viewpoints 
' may not be entirely valid in the light of 
more recent knowledge that the stock used 
for inoculation may have had either a 
passive or active immunity (Sumner et al., 
^ 1957a, 1957b). 

Van Roekel et al. (1938) noted that 
in a series of 42 passage experiments with 
a composite of 2 field strains of virus, the 
4 * percentage of takes increased from 69 to 88 
and the incubation period was shortened 
from 23 to 9 days. Also the period from 
first symptom to death decreased with in- 
^ creased serial passage of the virus. It is 
quite evident that primary isolation of the 
virus by 1C chick inoculation may fail to 
produce signs or lesions of the disease, but 


as the virus becomes adapted in the chick, 
the disease is readily reproduced even with 
a decimal dilution of infective brain sus- 
pensions as high as 10-« (Olitsky, 1939). 

The intracranial route of inoculation 
has given the most consistent results in 
repr^udng the disease in chickens. Other 
routes by wltich the infection has been 
established in the chicken are the intra- 
peritoneal. subcutaneous, intradermal, in- 
travenous, intramuscular, intrasciatic, in- 
traocular, and intranasal (Olitsky, 1939; 
Van Roekel et al., 1939; Jungherr and 
Minard, 1942; Feibel et af., 1952; Schaaf 
and Lamoreux, 1955). Unsuccessful trials 
to reproduce the disease via the oral route 
have been reported by Jones (1934) and 
Olitsky (1939). 

The brain and spinal cord are the most 
promising sources for virus isolation, al- 
though other tissues and organs produced 
evidence of the disease when inoculated 
into chicks (Jungherr and Minard, 1942; 
Van Roekel et al, 1938), 

The isolation of the virus from other 
tissues of the body, aside from the brain 
and cord, is logical to expect since htsco- 
pathological evidence of the disease is seen 
in many tissue sites in spontaneous cases. 
Jungherr and Minard (1942) observed 
that feces from adult A£ affected flocks 
contained a filterable factor which is ca- 
pable of producing brain lesions which 
were indistinguishable from spontaneous 
AE virus infection. Feibel et al (1952) 
were able to demonstrate the presence of 
virus in allantoic fluid in embty’onatlng 
eggs 7 days post inoculation, but were 
unsuccessful in producing a death pattern 
after at least 6 “blind” serial passages. 

More recently, successful propagation of 
the virus in embryonating eggs, inoculated 
via the allantoic and intraocular routes, 
has been accomplished (Jungherr et al, 
1956; Sumner et al, 1957a). Virus passed 
by the intraocular route produced a titer 
of 10-* after 11 serial passages; whereas, 
the allantoic route passed virus attained a 
titer of 10-® after 9 passages. Wills and 
Moulthrop (1956) were also successful in 
propagating the virus in embryos using 
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FIG. 24.1— Avian en- 
cephalomyelitis, 1 9-daY- 
old embryos: (left) un- 
inoculated, normal: (right) 
inoculated, shows a 
marked stunting and mus- 
cular dystrophy. 



the yolk sac route o£ inoculation. This 
route of inoculation was adopted later by 
other investigators (Sumner et al., 1957b: 
Calnek and Jehnich, 1959a: Moore and 
Flowers, 1959; Taylor and Schclling, 
1960). The advantages of embryo over 
chick propagation of the virus have been 
emphasized, which should greatly facili- 
tate the investigations concerning the dis- 
ease. 

The salient signs and lesions observed 
in AE embryos are decreased movement 
and occasionally retardation of growth. 
Live infected embryos examined at 20 days 
of age may show a persistent heart beat, 
but the voluntary muscles would be par- 
tially or completely immobilized (Jung- 
herr et al., 1956) (Fig. 24.1) Calnek and 
Jehnich (1959a) made similar observations 
concerning the behavior of the virus in 
embryos. The isolation and propagation 
of the virus in eggs selected from suscepti- 
ble flocks is recommended. It also has 
been emphasized that the isolation and 
propagation of a field virus be passed in 
susceptible chicks before attempting to 
adapt it to susceptible embryos (Poultry 
Disease Subcommittee, 1963). Calnek and 
Jehnich (1959a) found that the virus could 
be detected in the brains of inoculated 


embryos 2 to 4 days post inoculation and 
peak titers (log 5.7 to 6.1) were found 6 
to 8 days post infection. The histopa- 
thology in the embryo revealed change* 
that were uniform in character but variable 
in intensity and location and consisted of 
cncephalomalacia and muscular dystro- 
phy. Among 48 embryos inoculated, 45 
exhibited lesions in the central nen’ous 
system and 45 showed lesions in the skele- 
ul muscles. The neural lesions were 
characterized by severe local edema, 
gliosis, vascular proliferation, and p)k‘ 
nosis. The muscular changes consisted pn- 
marily of eosinophilic swelling and n^ 
crosis, fragmentation and loss of striations 
of aSected fibers with rare sarcolemmal 
proliferation and heterophil infiltration 
(Jungherr et al., 1956). 

EPIZOOTIOLOGY 

The disease may be observed in all sea- 
sons of the year, although it has been 
su^sted that a minor seasonal incidence 
may occur in November and December 
and a more pronounced increase frora 
January to June (Jungherr and Minar , 
1942). The lime and frequency of occur- 
ren« of the disease presents a challen^n? 
question as to the source of the infection. 
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In young chicks ihe disease can nearly 
always be traced to susceptible parent stock 
thai has experienced a recent inleclion. 
In such parent stock one may find, in ret- 
rospect, a decline in egg production that 
usually is transient and may or may not 
be marked. Taylor and Schelling (1960) 
reported that susceptible breeding flocks 
which exist at 5 months of age that some 
may not encounter the infection for a 
period of 13 months. At 5 months of age 
approximately 56.8 per cent of the flocks 
were immune and at 13 to 18 months of 
age 95.7 per cent were resistant to the 
virus based on the embryo susceptibility 
test. This means that as mature breeding 
flocks become infected, the virus may be 
eliminated in the e^ and passed on to the 
chick. The source and mode of spread of 
the infection to adult breeding flocks is 
not understood at present (Junghcrr and 
Minard, 1942; Schaaf and Lamoreux, 
1955). Naturally infected chicks up to 7 
weeks of age have been reported (Jones, 
1934). Chickens of all ages are susceptible 
to the infection by experimental inocu- 
lation (OHtsky, 1939; Van Roekcl et a/., 
I9S9; Feifael el at., 1952). 

Evidence of morbidity of the natural 
disease has been observed only in young 
stock, although inapparent infections do 
occur in mature flocks. The usual mor- 
bidity rate has been in the range of JO to 
20 per cent with a maximum limit of 60 
per cent (Jungherr and Minard, 1942). 
A high inddence of the disease has oc- 
curred in all breeds and under many types 
of management. The average mortality 
rate is around 10 per cent and may exCTed 
50 per cent (Van Roekel et al., 1938). 

Natural transmission of the disease has 
presented a baffling problem. Earlier in- 
vestigations failed to demonstrate the dis- 
ease in progeny hatched from eggs obtained 
from breeders that survived a natural 
infection (Jones, 1934; Bottorff et ai., 
1936; Van Roekel et ai. 1941). Considerable 
field evidence and some experimental re- 
sults show rather conclusively that the in- 
fection is egg borne (Van Roekel et al., 
1941; Jungherr and Minard, 1942; Schaaf 


and Lamoreux, 1955; Taylor et al, 1955; 
Calnek et al., 1960). 

Transmission of die disease by direct or 
indirect contact, either with naturally or 
experimentally infected chickens, has been 
reported. Calnek et al. (1960) suggest that 
avian encephalomyelitis is an enteric in- 
fection in growing and adult birds. The 
vims may be eliminated in the droppings 
in sufficient concentration to infect young 
susceptible diicks by the oral route. Chicks 
placed in a battery in a contaminated 
poultry house became infected but to a 
mudi lesser degree than chicks in direct 
contact with infected chicks. Clinical 
signs occurred among susceptible chicks 
in contact with infected chicks 11 days 
after hatching. With the virus strain used, 
the minimum incubation period following 
oral administration of the virus-contami- 
nated feces was 11 days. It was suggested 
Uiat in the Held most of the chicks hatched 
from susceptible dams may become in- 
fected as the result of contact with a few 
egg-borne infected chicks. Attempts to 
transmit the infection by aerosol means, 
using a modified Horsfall unit, yielded 
negative results. Richey (1962) incrimi- 
nated a ready-io-lay pullet flock housed in 
the same building but in a separate pen 
as the source of the infection for outbreaks 
that occurred in several susceptible breed- 
ing flocks 45 weeks of age. Previous his- 
tory of the pullet flock revealed that it 
had experienced an acute outbreak of the 
disease at 3 weeks of age. It was suggested 
that a “carrier" existed in the pullet flock. 
While certain aspects of transmission of 
the disease have been well established, 
there are other phases that remain unan- 
swered. 

Schaaf and Lamoreux (1955) stated that 
incubator transmission of the disease does 
not occur, and Jungherr and Minard 
(1942) reported that hatebability was not 
affected. On the contrary, Taylor et al. 
(1955) reported a high embryo death pat- 
tern during the last three days of inra- 
bation. The percentage of hatchability 
declined from 78.6 preinfeciion level to 
59.6 during the clinical stage and in- 
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creased to 75.4 post infection. Eggs pro- 
duced just prior to and during the period 
of depressed egg production showed a 
decreased halchability and an increased 
embr)onic mortality during the last three 
days of incubation. Furthermore, the 
chicks from the hatch with depressed 
hatchability were die only chicks to show 
signs of the disease, while the chides 
hatclied prior to and after the affected 
hatch appeared normal. Similar observa- 
tions hare been reported by other workers 
(Calnek el al.. I960: Richey. 1962). 

Calnek el al. (1960) demonstrated that 
transmission of the infection can occur in 
the incubator. Three groups of susceptible 
eggs were selected. One group was inocu- 
lated at 6 days incubation, a second group 
was uninoculated, but the 2 groups incu- 
bated in the same incubator. A third un- 
inoculated group was hatched in a sepa- 
rate incubator. Upon removal of the chicks 
from the Incubators the 2 groups hatched 
in the same incubator were distributed in 
wire batteries as well as the uninoculaied 
control group hatclied in a separate incu- 
bator. The chicks from the inoculated 
group manifested signs on the first day of 
age and by the sixdi day 49 of 52 showed 
clinical evidence of the disease. The chicks 
from the uninoculated group first mani- 
fested signs on the tenth day and 15 of 18 
thicks exhibited clinical esidence. The 
control group of 19 chicks remained nega- 
tive. 

Birds recovered from natural and ex- 
perimental infection develop antibodies in 
ilicir scrum capable of neutralizing the 
virus (Oliuky, 1939; Jungherx and 
Minard, 1912; Feibcl el al., 1952; Sumner 
el al., 1957a: Calnek and Jehnkh, 19593, 
1059b; Moore and Flowers, 1959; Taylor 
and SchclUng. 1960). In a flock survxy for 
embryo susceptibility to the virus, Sumner 
el at. (1957b) found a wide range in the ti- 
tration end points of the AE virus in eggs 
received from 119 flocks. A majority of 
the tested flocks had no history of A£ but 
produced embryos resistant to the vims, 
suggesting a mild infection. It was sug- 
gested that in an immune flock not all 


hens are immune to a degree measurable 
by tlte test. OJitsky and Van Roekel (1952) 
reported that chicks inoculated with an 
active virus and whid\ failed to show clini- 
cal signs of the disease may not be ren- 
dered resistant. 

The AE virus appears to have a limited 
host range, including the chicken, pheas- 
ant, and Coturnix quail, which have suc- 
cumbed to natural infection. Hill and 
Raymond (1962) were able to produce 
clinical signs of avian encephalomyelitis in 
quail chicks 1 to 14 days of age. The ex- 
perimental chicks were maintained in the 
same room with the adult breeding quail. 
Fifteen days after the chicks were inocu- 
lated, the adult flock manifested a decline 
in egg production and hatchability. Clini- 
cal evidence and mortality were observed 
among the chicks hatched from eggs col' 
lected during the outbreak of the disease. 
Ducklings, turkey poults, young pigeons, 
and guinea fowl have been infected experi- 
mentally. Mice, guinea pigs, rabbits, and 
monkeys were refractory to the virus intro- 
duced iniracerebrally (Van Roekel et <*!•* 
1939, 1940; Olilsky and Van Roekel, 1952; 
Maihey, 1955). 

In view of the limited investigations con- 
cerning host susceptibility, it would appear 
most desirable that further studies be 
undertaken with the improved methods to 
evaluate the status ol the various animal 
and avian species concerning avian et* 
cephalomyelitis. 

SYMPTOMATOLOGY 

This disease presents an interesting 
syndrome which may be characterized as 
follows: 

The disease usually makes its appear- 
ance in natural outbreaks when the diicks 
are 1 to 2 weeks of age. Affected chicks 
have been observed at the time of hatch- 
ing. The incubation period of the experi- 
mental disease varies from 5 to about 40 
days, with an average period of 9 to 21 
days. Affected young chicks, as a rule, will 
show first a slightly dull expression of the 
eyes which is followed by a progressive 
ataxia or incoordination of the Rg 
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muscles. This ataxia may be detected 
readily by exercising the chicks. As the 
ataxia groivs more pronounced, the chidts 
show an inclination to sit on their 
haunches. When disturbed, such diicks 
may move about, exhibiting little control 
over the speed and movement of their gait, 
and finally come to rest on their haunches 
or fall on their sides. Some chicks may 
refuse to move or they may walk on their 
hocks and shanks. The dull expression 
becomes more pronounced, accompanied 
with a weakened cry or an inability to cry. 
Tremor of the head and neck may become 
evident. The frequency and magnitude of 
the tremor may vary. Exciting or dis- 
turbing the chick may bring on the 
tremor, which may continue over various 
periods of time and recur at irregular in- 
tervals. The ataxic signs, as a rule, appear 
before the tremor, but in some cases only 
tremor has been observed or may occur 
prior to the ataxic signs. Junghcrr (1059) 
stales that of the histologically positive 
field cases, 56.9 per cent showed ataxia, 
18.3 per cent showed tremor, and 35 per 
cent both; 9.2 per cent show^ no clinical 
signs. The ataxia usually progresses until 
the chick is incapable of moving about, 
and this stage is followed by Inanition. 


prostration, and finally death (Figs. 24.2 
and 24.3). Chicks with marked ataxia and 
prostration are frequently trampled upon 
by their pen mates thus hastening death. 
Some chicks with definite signs of AE may 
survive and grow to maturity, and in some 
instances the signs may disappear com- 
pletely. Among 83 naturally infected 
chicks reared at the laboratory, only 24 
survived after a period of 8 months, Seven 
of the 24 survivors developed a blindness 
as the result of an opacity or bluish dis- 
coloration of the lens of one or both eyes 
(Fig. 24.4). A few progenies from these 
survivors, as they became mature, de- 
veloped an eye condition that resembled 
the condition observed in the naturally 
infeaed dams. The gross pathology con- 
sisted of an apparent enlargement of the 
eyeball, a marked opacity of the lens, 
seemingly fixed pupil, and total blindness 
in some cases. No diaraaeristic signs of 
AE were detected in these progenies (Van 
Roekel et oh, 1936, 1937). Somewhat simi- 
lar observations have been reported by 
other woikers (Peckham, 1957: Bridges 
and Flowers. 1958). 

While die disease has been reported to 
occur in adult flocks, as substantiated by 
a decline in egg production, positive sero- 



FIG. 2^.2 -Avian en. 
cepholomyeMtis in ex, 
perimeriially inocuCatect 
cMcki. Chick I apptotx 
normal: chicks 2, 3, and 
4 show various stages 
of the disease. 
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FIG. 24.3 — Avian tn<«pKolQmy«liiit: Incubaiien 13 day», ill 2 doyt. (Courtesy of P. K. 
Otittky, Jevr Exper M«d ) 


logic evidence, and presence of the disease 
in its progen), it is ol interest that t)pical 
signs ol A£ as seen in duels do not occur 
in natural uutbreals in mature birds 
Since semimature and mature ditclcns fail 
to tnanilcst signs ol the shsease. one might 
suspect spread ol the virus to occur con- 
stantly in a {sopulation, and sudi a proc- 
ess can be detected most readily by sero- 
logical means. 


PATHOLOGY 

The lesions are only microscopic. The 
principal histopathologic changes are dis* 
tribuicil among the central nervous system 
as manifested by gliosis, perivascular in- 
riltraiions. neuronal degeneration, and in 
the viscera as h)perp|jsia of the lymphoid 
follicles involving primarily the m)0- 
cardium. provcniricular ami ventricular 
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muscles, and the pancreas (Jones, 1932; 
Olitsky, 1939; Jungherr and Minard, 194^ 
No meningeal reaction except a perivascu- 
lar infiltration of the vessels ivas observed 
by Olitsky (1939). Neuronal degeneration 
was most striking and common among 
lesions distributed throughout the central 
nervous s)stem, especially in the pons- 
medulla and anterior horn cells of the 
spinal cord in the region of the lumbo- 
sacral enlargement. The progressive 
changes consist of an enlargement of the 
neuron and its nucleus, nuclear eccen- 
tricity, tigrolysis, and clearing of the cyto- 
plasm of the Nissl bodies, and in the 
advanced stages the neuron may disappear 
completely. In early stages of the infection, 
there may be occasionally no otlier sign 
of involvement of the nervous tissue, ev 
pedally no inflammatory reaction. The 
latter, however, is likely to occur in the 
anterior horns of the cord. Jones (1954) 
reported the occurrence of severe degener- 
ation of Purkinje cells, while Olitsky 
(1939) claimed that these cells are usually 
well preserved and that only here and there 
some cells show degeneration, especially 
in the later stages of the disease. Also, in 
chronic ataxia some indications of neuro- 
nophagia and satellitosis may be found. 
Perivascular reaction may be very pro- 


nountxd throughout the entire brain, es- 
pecially in the cortex, pons-medulla, and 
cerebellum (Figs. 24.5 and 24.6). Peri- 
vascular changes were essentially absent in 
the cord. Demyelinization was not ob- 
served, although Jungherr (1939) did note 
occasionally myelin degeneration in the 
sciatic nerve. Jungherr and Minard 
(1942), in a study of 283 spontaneous 
cases, found the focal lesions in the cen- 
tral nervous system to be comparatively 
mild and quite independent of the severity 
of the symptoms. 

The visceral lesions consist of hyper- 
plasia of the lymphoid follicles, which are 
normally quite irregularly distributed 
throughout the tissues (Fig. 24.7). The 
hyperplastic follicles are of two types — 
the one having an irregular outline with- 
out a definite boundary, and the other 
being oval or circular in shape and sur- 
rounded by a delicate, capillarized, con- 
nective tissue membrane. These focal 
lesions may be seen in many tissues but 
seem to have diagnostic significance when 
they occur in the ventriculus, proventricu- 
lus, pancreas, and heart and when accom- 
panied by specific lesions in the central 
nervous system (Jungherr and Minard, 
1942). These same authors also suted that 
in correlating pathologic evidence with the 
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FIG. 24.6 — Deloils «F p«rivasculor lesion in Mrebellum. XfOO. (Courtesy of P. K. OI!>sky. 
Jour. Exper. Med.) 


symptoms, m spontaneous cases, ] 1 pci 
cent manifested symptoms but revealed no 
lesions, and, on the contrary, 8 per cent 
of the symptomless cases revealed typical 
lesions. 

The pathology o! experimental cases 
was quite similar to that of the sponta- 
neous, except that the perivascular re- 
actions in the central nervous system fre- 
quently showed massive development, es 
pecially in the cerebrum. Visceral lesions 


weic much less pronounced and frequently 
absent. 

IMMUNOLOGY 

Chickens that have been exposed to the 
live virus will manifest an immunologic 
response that can be measured with the 
standard virus neutralization test (Sumner 
el a/., 1957b; Calnek and Jehnich, 1959a}. 
The Van Roekel embryo-adapted strain Is 
recommended to determine the neutralit- 



FIG. 24.7 - Hyperplasia of the lymphoid Islands of liver. X27S. (Courtesy of P. K. Olitslty- 
Jour. Exper. Med.) 
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ing capacity oE the serum or plasma. The 
undiluted serum or plasma is mixed with 
tenfold dilutions of the virus and the re- 
suiting mixtures are inoculated via the yolk 
sac into susceptible 6-day-old embryonated 
chicken eggs. The embryos are examined 
10 to 12 days post inoculation for lesions 
characteristic of the virus. The neutrali- 
zation index is calculated as the log dider- 
ence between EJDj, virus titer and ElDc^ 
virus-serum liter, A log index of 1.1 or 
greater is considered as positive evidence 
of previous exposure to the virus. Among 
samples from a recently exposed flock, the 
log index may vary from 1.5 to 3.0. 
Neutralijing antibodies may be detected as 
early as the second week after exposure and 
remain at significant levels for at least 
several months. Calnek and Jebnich 
(1959a) reported that in many instances 
birds having no detectable neutralizing 
antibodies (NI of less than 1.1} would re- 
sist intracerebral cliallenge U’ith as many as 
ten thousand ol virus. 

Another method used to determine the 
immunity of a flock is the embryo sus- 
ceptibility test. Sumner aJ. (1957b) first 
employed this test as a means to determine 
which breeding flocks had e.xperienced die 
infection. A small sample of fertile eggs is 
selected from each flock and the eggs are 
inoculated after G days of incubation with 
the egg-adapted virus via the yolk sac. Ten 
to 12 days post inoculation the embryos arc 
examined for diaractedstic lesions of the 
virus. If 0 to 50 per cent of the embryos 
show no signs of infection, the flock is con- 
sidered immune. If more than 50 per cent 
hut less than 100 per cent of the embryos 
are affected, it strongly suggests a recent ex- 
posure to the virus. If all embryos are af- 
feaed, the flock is susceptible. Adequate 
controls should be included in conducting 
the embryo susceptibility test. This test 
serves as a useful tool under certain cir- 
cumstances, but it is used to a very limited 
degree. The availability of susceptible eggs 
has been a deterrent in the wider usage of 
this test. 


DIAGNOSIS 

In spontaneous cases a tentative and 
frequently a definite diagnosis of disease 
can be made svhen a complete history of 
the flock and typical specimens of the dis- 
ease are furnished the diagnostician. Histo- 
pathologic evidence of gliosis, lymphocytic 
perivascular infiltration, the axon type of 
neuronal degeneration in the central nerv- 
ous system, and the hyperplasia of the 
lymphoid follicles in certain visceral tis- 
sues usually can be considered as a basis 
for a positive diagnosis. The isolation of 
the virus or the serum-virus neutralization 
lest gives a more specific diagnostic result. 
Recently the latter method has been em- 
ployed more extensively and with further 
refineracnis and improvements should 
furnish a very useful tool for the specific 
diagnosis of avian encephalomyelitis. 

Caution should be given that this dis- 
ease may be confused with other avian 
diseases manifesting similar clinical signs. 
Among such diseases may be included 
Newcastle disease, equine encephalomye- 
litis infection, nutritional disturbances 
(rickets, encephalomalacia, and riboflavin 
deficiency), and avian leukosis complex. 
Specific diagnostic criteria have been de- 
scribed for these diseases in other chapters 
of this text. 

PREVENTION AND CONTROL 

No satisfactory treatment is known for 
acute outbreaks in young chicks. It is ad- 
visable to check the management in order 
that the chicks wiff receive adequate nu- 
trition and a suitable environment. The 
removal and segregation of affected chicl« 
may be indicated under certain conditions, 
but generally it is advisable to kill affected 
specimens since they will not develop into 
profitable stock. If the disease appears fre- 
quently in progeny from the same flock, it 
is advisable lo cease hatching from such 
a flock for a brief period of time. 

It appears that once a flock has experi- 
enced an outbreak of the disease no fur- 
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ther c%idence of the disease is likely to be 
observed (Schaaf and Lamoreux, 1955). 
Natural specific antibodies for the vims 
have been detected in the sera and in the 
yolk of fresh eggs obtained from survivors 
of the disease (Sumner et ai, 1957b). 

■\Vithin recent years effective immu- 
nization procedures have been developed 
to protect breeding flocks against outbreaks 
of the disease and in turn prevent the 
spread of the virus to the progeny via the 
egg-borne route (Schaaf, 1958, 1959; Cal- 
nek et ah, 19GI: Butterfield et al, 1961; 
Van Roekcl el al , 1961). Schaaf (1958) first 
recognized that chickens exposed to the 
virus developed an immunity and that 
such birds should not produce infected 
progeny. This observation formed lltc 
basis for a prograrrj of vaccinating growing 
birds with the wing-web method prior to 
sexual maturity. Among more than one 
million chickens vaccinated with the live 
virus, no evidence of avian encephalo- 
myelitis was observed in progeny produced 
by these vaccinated birds. 

Calnek ct al. (1961) were successful in 
immunizing immature birds by using a 
satisfactory vaccine strain which was ad- 


ministered by the oral route. It was ob- 
served that by vaccinating only a small 
percentage of the birds the leroainder of 
the flock would develop a satisfactory im- 
munity. Since progeny from vaccinated or 
naturally infected flocks may retain passive 
antibodies for approximately 8 weeks, they 
should not be vaccinated until 10 weeks of 
age or older. It is recommended that all 
replacement stock for breeding flocks be 
immunized against the disease. 

Effective inactivated vaccines for avian 
encephalomyelitis have also been produced 
(Calnek and Jehnich, 1959b; Schaaf, 1959; 
Butterfield el al., 1961). At the present 
time the inactivated vaccine may be applic- 
able for susceptible breeding flocks that are 
m production and for breeding flocks 
located in areas where the disease incidence 
is low. 

A commercial live virus vaccine, ad- 
ministered in the drinking water, is avail- 
able at the present time. An effective im- 
munization program applied to all breed- 
ing flocks should eliminate clinical out- 
breaks of the disease in the chick popu- 
lation. 
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Equiue Encephalomyelitis Virus in 
Birds 


A few years after the viral etiologies of 
equine encephalomyelitis were esubUshed. 
naturally occurring diseases of birds were 
shown to be due to eastern equine en- 
cephalomyelitis (EEE) virus. Fothergill 
and Dingle (1938) reported the isolation 
of this virus front a pigeon submitted by 
a breeder in Massachusetts during the 
1958 epidemic, which involved both man 
and horses. Simultaneously, ring-necked 
pheasants in Connecticut were found to 
be naturally infected with the eastern virus 
by Tyzzer et al. (1938) During the same 
year, Van Roekel and Clarke (193^ iso- 
lated the eastern virus from a ring-necked 
pheasant submitted to them by a game 
breeder in New Jersey. Since that lime, 
recurring epidemics of eastern equine en- 
cephalomyelitis have been reported from 
Nesv Jersey and Connecticut by Beaudette 
and Hudson (1945), Beaudette and Bladt 
(1948), Cohen and Sussman (1957), and 
Luginbuhl el al. (1958). Western equine 
encephalomyelitis (WEE) virus has not 


been reported as producing clinically evi- 
dent, naturally occurring disease in domes- 
tic poultry or game birds. 

Etiology. Two antigenically different 
viruses cause encephalitis in horses m 
North America. Because of the geographi- 
cal distribution of the disease in horses, 
these are called eastern equine encephalo- 
myelitis (EEE) virus and western equine 
encephalomyelitis (WEE) vims. These 
viruses are spherical in shape and are 4u 
to 50 in diameter. They are readily 
inactivated by a number of chemical agents 
such as ether, chlorine, phenol, etc. These 
viruses are most stable in a menstruum 
containing 10 per cent or more serutn, a 
low salt concentration, and buffered to 
pH 7.6 or above. They may be 
in 50 per cent glycerin buffered to pH | 
for short periods or frozen at —70* C. lot 
periods of several years. 

These viruses have a wide host range, 
readily infecting most laboratory anim s 
when inoculated intracerebrally. Mice an 
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guinea pigs are especially susceptible, dy- 
ing of encephalitis within 2 to 5 days when 
inoculated with the eastern virus and in 
4 to 7 days when inoculated with the 
western virus. The eastern virus is more 
iniective for mammals by peripheral 
routes of inoculation than is the western 
virus. Both viruses cause death of chicken 
embryos within 18 to 72 hours after inocu- 
lation by any route. The amniotic route 
of inoculation is more sensitive than other 
routes. The embryos present a purplish 
hemorrhagic appearance when death is 
due to specific virus infection. A number 
of tissue cultures show cytopaihic changes 
when infected with these viruses. Chicken 
and duck embryo fibroblast and hamster 
kidney cultures have received the most 
widespread use in diagnostic work. 

Symptoms. Chickens more chan 4 weeks 
of age show no clinical signs of disease 
when infected by these viruses. The effect 
of infection upon egg production is not 
known. Day-old chiclu succumb rapidly to 
infection by these agents without showing 
signs of central nervous system involve- 
ment (Chamberlain et al. 1954). Signs of 
disease in young chicks consist of dianhea 
and extreme prostration. Histologically, 
myocarditis is the outstanding lesion (Tyz- 
2 er and 5ellards. 1941). 

Only easiern equine encephalomyelitis 
tirus has been shown to cause clinical dis- 
ease in ring-necked pheasants. In this 
species the outsunding signs of infection 
are referrable to central nervous system 
involvement and consist of leg paralyis, 
XfxriirAU.ia J-od ienmeva jNri 
gross lesions are seen upon postmoticm 
examination. The mortality among dim- 
cally ill pheasants is approximately 75 per 
cent. Recovery from the acute phase of 
the disease may be accompanied by se- 
quelae consisting o[ incoordination or 
muscular weakness. IMieasants may also ex- 
perience dinically inapparcni infections 
wiili eastern equine encephalomyelitis 
virus. 

Native wild birds usually experience 
inapparent infections with these viruses 
(Kissling et al., 1951). Clinical disease and 


death may result in introduced species such 
as the English sparrow (Stamm and Kiss- 
ling, 1956) and domestic pigeon. 

Transmission. Both viruses are trans- 
mitted among wild birds principally by 
mosquito vectors. Not all species of mos- 
quitoes are capable of transmitting these 
viruses. Virus is circulated in the blood of 
infected birds for periods of 2 to 5 days. 
Small passerine birds tend to circulate 
vims in higher concentrations than do 
larger birds and therefore are potentially 
more important sources of virus for mos- 
quito infection. 

Eastern equine encephalomyelitis virus 
is transmitted chiefly by Culiseta melanura 
among the wild bird population under 
endemic conditions (Chamberlain, 1958). 
This mosquito is found only in areas of 
fresh water swamps. Although its biology 
is not known completely, it is thought to 
be preferentially a bird feeder. During epi- 
demic periods, other mosquito speaes such 
as Alansonitt spp. and Aedes spp. may be- 
come important transmitters of the virus 
(Chamberlain et al, 1954). Culea species 
of tlte eastern United States arc extremely 
poor transmitters of the eastern virus. 
Since Culex pipiens and related species 
are the common mosquitoes found near 
poultry houses, this may explain the low 
incidence of antibody to £££ found in 
chickens. 

There is ample evidence that direct 
(ransmission of £E£ may occur among 
pheasants during the acts of feather pick- 
ing and cannibalism. The virus is present 
in ihe lilooti- Xeather quills, and mouth 
secretions of infected pheasants. Pheasants 
may be experimentally infected by oral 
administration of the virus (Holden, 
1935: Satriano et al., 1958). 

WEE virus is transmitted chiefly by 
Culex tarsalis in the western part of the 
United Stales. In die eastern United States. 
WEE virus usually shares tlie same habitat 
as £££ virus and is probably uansniiited 
by Uic same vectors. 

These viruses may occasionally be tram- 
mitted mechanically by biting insects due 
to conumination of their moudi parts 
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with virus. Transmission by mosquitoes 
depends upon a cycle of virus development 
within the arthropod, and, once infected, 
such insects may remain infected for life. 

Diagnosis. Since pathological exami- 
nation reveals no pathognomonic lesions 
and clinical signs may be confused with 
Newcastle disease, definitive diagnosis must 
be made by isolation and identification of 
the virus. 

Altliough a variety of laboratory animals 
are suited for isolation of EEE or WEE 
virus, chicken embryos and freshly hatched 
chicks are more sensitive indicators of virus 
than any other host. Embryos 9 to 14 days 
of age are satisfactory for use. Inoculation 
should be into (he amniotic cavity. Freshly 
hatched chicks should be less than 14 
of age and are inoculated subcutaneously. 
In pheasants the brain is the most likely (is- 
sue to yield virus, while in other species (he 
liver, spleen, and heart are more hkely to 
contain virus than is the brain. The tissue 
emulsion may be treated to control bac- 
terial contaminants by the addition of 
1,000 units of sodium penicillin G and 2 
mg. of streptomycin sulfate per ml. When 
the inoculum contains virus the embryos 
should die within 18 to 72 hours after 
inoculation and present a hemorrhagic ap- 
pearance. 

Specific identification may be made by 
serological methods, either neutralization 
or complement fixation (CF). The allan- 
toic fluid from the infected embryos may 
serve as antigen in cither case. In the com- 
plement fixation test the allantoic fluid 
is tested against serum known to fix com- 
plement in the presence of EEE antigen. 
The CF reactivity of the fluid is usually 


rather low, and expected liters are gener- 
ally in the range of 1:2 to 1:8. Appropri- 
ate controls to determine anti-comple- 
mentary and nonspecific reactions are 
necessary. 

For the neutralization test the infected 
fluid must be diluted to contain 1,000 to 
100 embryo LD^o, and It is incubated with 
specific immune scrum before inoculation 
of the test hosts. Infected allantoic fluids 
usually contain 10* to 10^ per 0.1 

mL Qiicken embryos, mice, or tissue cul- 
tures may be used as hosts in the neutrali- 
zation test for identification purposes. Ap- 
propriate controls, using normal serum in 
place of the immune serum, arc necessary. 

Birds recovering from EEE infection de- 
velop specific neutralizing and hemagglu- 
tinin inhibiting antibodies against the 
virus. 

^Uthough ^V£E is not known to cause 
clinical disease in poultry, the diagnostic 
procedures are similar to lliose /or EEE. 

Prevention. Protection against mosqui- 
toes will prevent the introduction of EEE 
virus into pheasant pens. Where ihi* 
impractical, debeaking or other methods 
of preventing cannibalism and feather 
pulling will d)cck the spread of virus 
should it be introduced by mosquito bite. 

Prophylactic immunization using prod- 
ucts designed for equine use may lower 
the mortality rate should the virus be in- 
troduced. These vaccines are usually di- 
luted 1:5 for pheasant use. 

Where possible, rearing pens for pheas- 
ants should be located away from the mar- 
gins of fresh water swamps, since it is in 
areas such as these that the virus is found 
cndcmically in wild birds. 
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Fowl Pox 


SyDooyms. Chicken pox, avian pox, bird 
pox. contagious epithelioma, sorehead, 
avian molluscum, avian diphtheria, bird 
pox diphtheria, canker, GefUigelpocken 
(German), variole aviaire (French), wiru- 
ela avtar (Spanish), difteria aviar (Span- 
ish), bouba (Portugese). 

Etiology. Fowl pox has been observed 
in avian species from time immemorial. 
Excellent reviews are presented by Good- 
pasture (1928) and by Beaudetie ( 1949 , 
1953). The causal agent is a filterable 
virus, as was first demonstrated by Marx 
■<nd Sticker (1902) Carnwarth ( 1908 ) and 
others showed that the virus is responsible 
for both the cutaneous and diphtheritic 
forms of the disease. There appear to be 
at least four different viruses or strains of 
virus causing pox among birds. These are 
classified by van Rooyen (1954) as Bor- 
relioCa avium (fowl pox virus). Borreliota 
meleagridis (turkey pox virus), Borreliota 
(ringillae (canary pox virus) and Borreli- 


Ota cotumbae (pigeon pox virus). Bor- 
reliota tft/ittm is tlie type species of the 
viruses of the animal pox group. Each 
virus is infective for its homologous host 
and in some instances for heterologous 
hosts. 

The identification of the common eti- 
ology of the pox viruses has been attempt- 
ed by passage of the viruses through 
homologous and heterologous hosts and 
using the criteria of immunogenesis and 
pathogenesis for the interpretation of th^ 
results. In many investigations, quanti- 
tative determinations of the virus content 
of the vaccines were not taken into con- 
sideration, and it seems obvious that an 
accurate assessment of the antigenic prop- 
erties of such preparations would be im- 
possible. 

The present knowledge of avian po* 
does not allow an adequate classification 
of the pox viruses without reference to 
host origin. Some avian pox viruses may 


[Tsa] 




Chapter 26: FOWl POX 


789 


be mono-, bi-, or iri-pathogenic with re- 
spect to transmission to certain species ol 
birds. 

Gallagher (1916) described an outbt«k 
of fowl pox in quail transmissible to 
chickens. Ward and Gallagher (J920) 
stated that pox occurs naturally among 
geese, ducks, and guinea fowl, and that 
pheasants and various wild birds are also 
susceptible. Te Hennepe (1926) reported 
that of 268 ducks examined by him during 
1924, 17 were affected with month lesions 
and 14 with cutaneous lesions of fowl pox. 
Later, te Hennepe (1927) did not observe 
fowl pox infection in 304 ducks examined 
during 1925-26. Doyle and Minett (1927) 
were unable to infect ducks or a seagull 
•with fowl pox virus, pigeons are generally 
resistant to infection with fowl pox virus, 
but Doyle and Minett were able to adapt 
a strain of the virus to the pigeon by fre- 
quent serial passage. 

Irons (1934) studied the immunological 
lelationship of several strains of fowl, tur- 
key, and pigeon pox viruses and suggested 
that some strains may be rendered “bi- 
pathogenic" by passage through a series of 
heterologous hosts, e.g., fowl pox virus 
passaged through pigeons. All the pigeon 
pox strains studied were found to be in- 
fective for chickens. Negative results were 
obtained in attempts to infect pigeons with 
turkey virus. Crows, hawks, owls, ducks, 
guinea fowls, starlings, and several other 
species were refractory to the fowl and 
pigeon strains of virus. Chickens were 
susceptible but pigeons were refractory to 
turkey virus. One strain of pigeon pox 
virus proved infectious for the English 
sparrow and certain related species. After 
a single passage in thickens the virus of 
pigeon pox was greatly attenuated for the 
pigeon. Repeated passage of pigeon pox 
virus in chickens, with one possible ex- 
ception. failed to destroy the infectivity of 
the virus for pigeons. One strain of fowl 
pox virus was transmissible with gradu- 
ally inacasing virulence in pigeons but 
was temporarily attenuated for chickens. 
Two other strains of fowl pox virus were 
tioninfectious for pigeons. 


Beach (1939) classified avian pox ac- 
cxirding to the host — fowl, turkey, pigeon, 
and canary — with a list of the species in 
which it occurs or to which it has been 
transmitted. 

Syverton and Cowan (}9i4} reported 
(he recovery of fowl pox virus from the 
sooty grouse. They state that although 
avian pox is reported to have occurred 
under natural or experimental conditions 
in a wide variety of birds, more conclusive 
evidence appears to be limited to the 
chicken, pigeon, turkey, guinea fowl, 
canary, partridge, quail, and pheasant. 

A natural outbreak of pox in mourning 
doves transmissible to other mourning 
doves and a ring dove through cohabita- 
tion was reported by Kossack and Hanson 
(1954) lo be caused by pigeon pox virus. 

The virus of turkey pox usually has 
been considered to be the same as that of 
fowl pox. but the results obtained by some 
investigators indicate certain strain differ- 
ences between viruses causing pox in these 
two species. Bruneit (1934) studied the 
immunological and pathological relation- 
ship between a strain of pox virus ob- 
tained from a natural case of the disease in 
turkeys and a strain of fowl pox virus. No 
differences were observed in the effect of 
(he (WO viruses on turkeys, chickens, and 
pigeons except that the disease was of a 
longer duration in turkeys and chickens 
inoculated with fowl pox virus, as com- 
pared to inoculation with turkey pox 
virus. Immunity studies showed that tur- 
keys and duckens inoculated with turkey 
pox virus or fowl pox virus were immune 
to subsequent inoculations with these 
viruses. Pigeon pox virus produced a severe 
reaction on turkeys, but it failed to pro- 
duw any immunity to turkey or fowl pox 
viruses. 

Brandly and Dunlap (1938) inoculated 
chickens with a strain of pox virus ob- 
tained from a natural case of tlte disease 
in turkeys and observed only a mild cu- 
taneous reaction. No infection was pro- 
duced at the fifth passage of the \irus in 
duckens. 

Beaudette and Hudson (1911) reported 
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that a strain of turkey pox virus studied 
by them produced a more severe Jocal 
and systemic reaction and a higher per- 
centage of secondary head lesions in 
chickens than fowl pox virus. The lesions 
consisted of a topical scab of considerable 
thickness as compared to the atypical scab 
formation and decreased virulence of the 
turkey strain studied by Brandly and Dun- 
lap (1938). The turkey virus was less 
lethal for embr)onating chicken eggs than 
was the fowl pox strain. In cross-inununity 
tests, Brandly and Dunlap used canary, 
pigeon, turkey, and fowl pox viruses for 
a study of the immunological relationships 
of these viruses and concluded that 
canary virus immunizes against itself and 
against pigeon virus to a high degree. The 
canary virus seems to produce no im- 
munity against turkey virus but apparently 
a slight immunity to the fowl virus. Simi- 
larly, pigeon virus protects against itself 
and canary virus but does not give com- 
plete protection against turkey and fowl 
viruses. Turkey and fowl viruses give al- 
most complete protection against the four 
viruses used.” 

Kikuth and Collub (1932) found in 
dieir work on bird malaria a virus ca- 
pable of producing a highly fatal disease 
of canaries. This virus has been the sub- 
ject of controversy concerning its relation- 
ship to ilie avian pox viruses. 

Burnet (1933a) concluded that Kikuih’s 
virus was a member of the bird pox group. 
The virus was not pathogenic for day-old 
diicks, half-grown fowls, pigeons, and par- 
rots (budgerigars). Sparrows were suscep- 
tible to infection. 

Burnet and Lush (1936) showed by the 
embryonating chicken egg technique iliat 
foul pox and KikuUi's strain of canary 
pox, although not identical, are serologi- 
cally related. They stated that "if canary- 
pox and fowl-pox are serologically almost 
identical, it is more ilian likely that all 
bird-pox strains are similarly related.” 

Burnet (1933b) was able to infect 
canaries with pox material collected from 
a spontaneous outbreak in wild sparrows. 
The disease in the canaries was similar to 


that produced by Kikuth's canary virus, 
but the difficulties in filtration of the virus 
and the agglutinative tendencies of the 
vims particles resembled fowl pox virus 

McGaughey and Burnet (1945) studied 
three cases of avian pox in wild spanows 
and concluded tliat the virus resembled 
canary pox in causing a fatal disease in 
sparrosvs and canaries and localized lesions 
in fowls and pigeons. 

The strain of canary pox virus studied 
by Reis and Nobrega (1937) was "tri- 
pathogenic” as it infected chickens, pi- 
geons, and canaries. The virus did not 
dissociate into mono-pathogenic strains 
after serial passage through chicks, pi- 
geons, and canaries. Typical inclusion 
bodies were found in the infected birds, 
and those which recovered developed im- 
munity against the homologous virus as 
well as towl and pigeon pox viruses. Birds 
vaccinated with either fowl pox or pigeon 
pox viruses developed immunity against 
the canary pox strain. The canaries from 
which the strain was isolated suffered from 
a severe pox disease in which the mor- 
tality was 98 per cent. 

Grosso and Prieto (1939) have reported 
a “ui-pathogenic” canary virus whidi pri> 
duced only a mild, transitory, localized 
lesion in chicks and pigeons. 

Antoniotti and Romat (1940) studied 
a canary pox virus which was pathogenic 
only for canaries. 

Durant and McDougle (1938) conduct- 
ed studies of the immunological relation- 
ship of canary pox virus to fowl pox virus 
with the following conclusions: ‘‘Chickens, 
turkeys, and quail when inoculated vdth 
canary pox virus, though fairly typical 
gross lesions are produced, later 
inoculated with fowl-pox virus will de- 
velop typical lesions, indicating that no 
immunity to the fowl-pox virus had been 
developed by exposure to the canary-pc*- 
This would seem to indicate that cana^' 
pox vims is a different type of virus wuh 
a different degree of virulence for other 
bird species than the canary." 

Coulston and Afanwell (1941) reported 
that canary pox virus was found to be m- 
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fective for English and song sparrows but 
not for cowbirds, starlings, or chickens. 
Canaries which had been vaccinated with 
the virus attenuated through long storage 
did develop an immunity which protected 
them to some degree, but not completely, 
against exposure to fully virulent virus. 
Vaccination with the virulent virus was 
always fatal. 

Jansen (1942) reported infection of a 
jackdaw with canary pox virus. Fowls, pi- 
geons, and canaries were susceptible to the 
virus. Immunity against the jackdaw 
strain was not produced by vaccination 
with fowl pox virus or pigeon pox virus 
but was demonstrated with canary pox 
virus. 

Jactot et si (1956) isolated canary pox 
virus and shoired that it was pathogenic 
for the sparron’, fowl, and pigeon, but in 
the latter two species the disease ivaj local 
and recovery was spontaneous. The virus 
did not immunize pigeons against pigeon 
pox, and pigeons immunized against pi- 
geon pox were susceptible to the virus. 
Fowl pox and pigeon pox immune fowl 
were susceptible to the virus. 

Pox in the mourning dove has been re- 
ported by Kossack and Hanson (1954) and 
by Locke el al. (1960). 

Pathology. Detailed descriptions of the 
pathological processes in fowl pox are re- 
ported bv Goodpasture (1928) and Hutyra 
et al. (1938). 

Fowl pox is characterized by the ap- 
pearance of cutaneous eruptions or wart- 
like nodules on the unfcathcrcd parts of 
fowl and diphtheritic membranes of the 
mouth. The lesions are observed particu- 
larly about the head region, but tjiey may 
also appear on the legs and feet, around 
the cloacal aperture, .intl under the wings. 
The cliaracteristic lesion of the cutaneous 
form is a local epithelial hyperplasia in- 
volving both epidermis and underlying 
feather follicles with tl\e formation of 
nodules. The cutaneous nodules may be 
very numerous or few in number, and 
they do not necessarily erupt at the same 
time. At first, the nodules appear as small, 
whitish foci which rapidly increase in sire 


and become yellowish in color as they de- 
velop. In some instances, closely adjoining 
lesions may coalesce, and the larger de- 
veloping lesions are rough, and gray or 
dark brown in color. After about two 
weeks of development, sometimes sooner, 
the lesions may show areas of inflammation 
at tlieir base and become hemorrhagic. 
The lesion then undergoes a process of 
desiccation and scab formation -which may 
last for another week or possibly two 
weeks. In uncomplicated cases the process 
ends with desquamation of the degener- 
ated parts of the epiclielial layer. If the 
desiccated scab is removed in the mean- 
time, a moist, sero-purulent exudate is 
found underneath, covering a bleeding, 
granulatitig surface. When the scab drops 
off, a smooth scar may be present, ah 
tltough in milder lesions there may be no 
noticeable evidence of scar tissue. The 
specific process is often modified by the 
invasion of bacteria tvhich propagate in 
the degenerated epithelium and may reach 
the deeper layers of the mucous membrane 
where they cause suppurative or necrotic 
processes wiUr the formation of fibrinous 
deposits. 

The eruptions on the mucous mem- 
branes are white, opaque, slightly elevated 
nodules. These processes rapidly increase 
in size, often coalescing to become a yel- 
lowish, cheesy, necrotic material with the 
appearance of a pseudomembrane. When 
iliese pseudomembranes are removed they 
leave bleeding erosions. The invasion by 
coRiaminating bacteria aggravates the 
diphtheritic form of the disease. The in- 
nammatory process may extend from the 
mouth region into the sinuses, particularly 
the infraorbital sinuses, resulting in a 
tumorlike swelling, and may extend into 
the pharynx, resulting in respiratory dis- 
turbances. 

Sufsedi (1031) reported that naturally 
infected pigeons showed typical pox le- 
sions on various parts of the body. Most 
of tile scabs were found on the feet, legs, 
and near the base of the beak. A few pi- 
geons showed cankers in the mouth. 
Mutyra rt sf. (1938) reported tJiat in pi- 




geons the pox lesions develop chiefly on 
the borders of the eyelids, the angles of 
the mouth, and on the feet. 

The characteristics of the canary dis- 
ease of Kikuth and Gollub (1932) show 
little resemblance to fowl pox. but Burnet 
(1933a) and Burnet and Lush (1936) 
presented evidence that the virus was a 
member of the bird pox group and classi- 
fied it as canary pox. Intramuscular in- 
jection of the virus produced an inflam- 
matory necrotic local lesion and a general- 
ized viremia. The postmortem appearance 
resembled that of a subacute bacterial 
cellulitis. Hemorrhages under the serous 
membranes, edema of the lungs, and peri- 
carditis were observed. The difference be- 
tween the pathological manifestations of 
fowl pox infection and Kikuth’s canary 
pox infection was the capacity of the can- 
ary pox virus to multiply within the cyto- 
plasm of the cells derived from all three 
primary germinal layers. Mononuclear 
cells were infected and spread the in- 
fection in many respects comparable to 
the spread of a pyogenic bacterial infec- 

Durant and McDougle (1938) observed 
that in canaries the external pox lesions 
affected the entire body. Scab formation 


was not as distinct as in chickens, al* 
though there was a tendency toward this 
condition in the advanced stages of the 
disease. Cheesy exudates were found m 
the commissures of the mouth and the 
entrance to ihe larynx. 

Canary pox. as reported by Coulston 
and Manwell (1941), may be manifested 
by lesions about the margin of the epi- 
thelium of the eye and elsewhere on the 
head, and by lesions of the toes and legs- 

The significant feature of the histo- 
logical picture of fowl pox is the pr^ence 
of intracytoplasraic inclusion bodies in th^ 
afl^ecied epithelial cells (Fig. 26.1). Coo - 
pasture (1928) states that only squamous 
epithelium of the skin and mucous mem- 
branes seems to be susceptible to the virus 
and that the basal layer of the epithelmm 
shows little change from the normal. T 
early stages of the inclusion bodies appe^ 
peripheral to the basal layer. The cells m 
which they are present are enlarged, an 
the cytoplasm appears edematous, 
material constituting tlie inclusion ° V 
appears first about the periphery 
or more vacuoles situated at the proxima^ 
pole of the cell. The inclusion body i^ 
creases rapidly in size, in some cases 
coming as large as the original « 
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Nearer the surface, the altered cells be- 
come larger, and there is evidence of 
change in position of the inclusion bodies 
so that they come to lie more frequently 
at the distal pole of the cel!. As the surface 
of the lesion is approached, the cells show 
evidence of disintegration, and the in- 
clusion body may become more or less iso- 
lated in the cytoplasm. The increasing size 
of the inclusion body is accompanied by 
the ultimate destruction of the nucleus 
and the death of the cell. Extruded nu- 
clear particles may appear in the cyto- 
plasm. On the surface of the lesion there 
are great alterations of the cells from desic- 
cation. 

Inclusion bodies in the affected cells of 
cutaneous eruptions of fowl pox were first 
discovered by Rivolta (1869). Bollinger 
(1873), through histological studies, dif- 
ferentiated the lesions of fowl pox and 
variola and classified fowl pox among the 
tumors as epithelioma contagiosum. This 
term unfortunately exists today but is an 
erroneous terminology, although the gross 
lesions of the disease do have some macro- 
scopic similarity to epitheliomau. Guar- 
nieri (1892) demonstrated certain charac- 
teristic intracellular bodies in the lesions 
of variola differing from those of fowl pox- 
Tliese studies of Bollinger and Guarnieri 
presented convincing pathological differ- 
entiations between the two diseases as dis- 
tinct entities. 

Borrel (1904) discos’cred, in smear 
preparations from the cutaneous lesions of 
fowl pox, myriads of minute coccusJike 
structures apparently small enough to pass 
through the pores of a Bctkcfeld filter. 
This discovery suggested that these bodies 
might be die etiological agent. 

Burnet (1906) confirmed Borrel’s ob- 
servations and showed that these bodies 
were derived from the same cell in which 
inclusion bodies could be demonstrated in 
stained preparations, Goodpasture (1928) 
reported that these bodies were about 
0.25fi in diameter. 

The experiments of Woodruff and 
Goodpasture (1929) on inclusion bodies 
of fowl pox presented conclusive evident* 


as to the etiological agent. These authors 
discovered that a I per cent solution of 
trypsin in 0.2 per cent sodium bicarbonate 
would digest completely the cellular mate- 
rial of a fowl pox lesion in about 30 
minutes, leaving the inclusion bodies free 
and separable from the tissue debris. The 
inclusion bodies were small, oval, oc- 
casionally bean shaped or irregular, and 
varied from 2 or to perhaps 50^. In 
their internal structure, they ranged from 
discrete granules to hyalinelike, homo- 
geneous bodies. Inclusion bodies had an 
elastic, semipermeable membrane of lipo- 
proteid composition and responded to os- 
motic influences. Inclusion bodies could 
be washed free of trypsin by centrifugation 
and resuspending the bodies in saline. 
Woodruff and Goodpasture showed that 
a single inclusion body inoculated into 
the skin of a susceptible chicken produced 
a typical fowl pox lesion containing the 
characteristic inclusions. 

Woodruff and Goodpasture (1950) 
showed that an inclusion body may con- 
tain as many as 20,000 elementary bodies, 
each of which was capable of inciting the 
disease. 

Studies by ^Voodruff and Goodpasture 
(1931) of chorio-allantoic membranes of 
chicken eggs infected with fowl pox virus 
showed a marked susceptibility of ecto- 
dermal cells to infection, although ento- 
dermal cells could be infected. Inclusion 
bodies were usually less numerous and 
hyperplasia was less marked in entodermal 
celb than in ectodermal cells. Further in- 
dication that entoderm was less susceptible 
than ectoderm was seen in the fact that 
entodermal derivatives of the adult hen 
were rarely infected. 

Brandiy (1941) concluded from studies 
of infected chorio-allantoic membranes 
that "both fowl- and pigeon-pox viruses 
produced microscopic retrograde changes 
in all three germ layers of the chorio- 
allantois. Fowl-pox strains produced more 
severe alterations in the ectodermal and 
entodermal layers, while with the pigeon 
virus the reactions were more marked in 
the maoderm (cellular infiltration and 
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edema). The development o£ cytoplasmic 
Inclusions (Bollinger bodies) produced by 
fowl strains appeared to be associated with 
necrosis of the limiting cellular layers. As 
a rule, iliese inclusions in the ectoderm 
and entoderm were larger and more 
readily demonstrated than those occuning 
in pigeon-virus lesions Entodermal in- 
solvement by pigeon virus was invariably 
slight." 

Groups et al. (194G) showed by electron 
microscopy that the elementary bodies of 
fowl pox closely resemble iliose of canary 
pox and have many characteristics in com- 
mon with the elementary bodies of vac- 
cinia. The bodies were approximately rec- 
tangular, occurred singly, in pairs, and in 
short chains, and were most frequently 
attached to one another at the corners. 

Groups and Rake (1947) stated that 
"AlUiough the elementary bodies of fowl 
pox are somewhat larger than those of 
vaccinia, the similarities between the two 
are striking. The panicles of bodr appear 


to be approximately rectangular in shape 
and possess large central moundlike ele- 
vations. .. .That classic examples of both 
avian and mammalian strains should so 
closely resemble one another morpho- 
logically adds still another link to the 
chain of evidence that has bound the 
viruses of the pox group together. The 
presence of fonns suggesting unequal di 
vision of elementary bodies, together with 
the characteristics mentioned above, sup- 
ports the suggestion of Green et al. (1912) 
that die pox viruses have morphological 
characteristics tliat approach those of the 
bacteria rallicr than those of die plant 
viruses." (Fig. 2G.2.) 

Burnet {1933a) observed well-marked 
cytoplasmic inclusion bodies in the epi- 
dielial cells of skin overlying lesions pro- 
duced by Kikuth's canary pox virus. There 
was a considerable resemblance of these 
inclusions to the Bollinger bodies of fowl 
po.x. On die chorio-allantoic membrane 
the virus produced massive inclusions in 


FIG. 26.2 — Fowl pox vi- 
rus shadowed with gold. 
Electron micrograph. 2.3 
X 12,400X- (Group6 ond 
Rake, 1947.1 




the proliferating ectoderm, but changes in 
the mesodermal and entodermal layers ap- 
peared to be purely secondary and no 
inclusion bodies were observed. 

Durant and McDougle (1938) reported 
the findings of their histological studjes 
of canary pox as follows: "Microscopic 
studies of the stained sections from canary- 
pox lesions in canaries, chickens and tur- 
keys showed distinct differential charac- 
teristics. In tlie sections from 
numerous typical virus inclusion bodies 
are present with very few if any poly 
morphonuclear eosinophils with rods. In 
the section from chicken lesions tlicre are 
no virus inclusion bodies evident and 
a fetv polymorphonuclear eosinophils with 
rods. In the case of turkeys the sections 
showed a marked infiltration of po^ 
morphonuclear eosinophils with rods with 
small bodies resembling virus bodies whicli 
are usually seen in the canary pox or fotvi 
pox lesions. These are observed only m 
the deeper tissues. . . 

Couliton and Manwell (1941) observed 
typical cellular inclusions in canary pox. 

A variant strain of canary pox virus 
studied by Siegel and Leader (1957) pro- 
duced cutaneous papular eruptions when 
introduced into the scarified, defeathered 
areas of the skin of the chicken, turkey, 
and canary. In the chicken and turkey the 
lesions were characterized by marked in- 
flamraalion in the corium and subcu- 
taneous connective tissue with the epi- 
thelium remaining essentially normal, in 
the canary there was massive prohleration 
of epithelium with numerous intracyt^ 
plasmic inclusions as well as severe su 
cutaneous lesions. The gross lesions m the 
chicken and turkey were mild and transi- 
tory, but in the canary they became co 
fluent and formed thick scabs. 

An excellent review of the literature on 
canary pox is presented by Beaudcite 

^^DiignosU. The presence of cumneous 
lesions typical of fowl pox m 
usually warrants a diagnosis of tit® 

A diagnosis is not so readily made when 
mouth cankers or coryzalike lesions an 
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symptoms are seen. Several diagnostic tesu 
may be employed, viz., infectivity tests, 
protection tests, miaoscopic examination 
of lesions, and serological tests tje- 
scribed by Brandly and Dunlap (1938). 

With infectivity tests it may be necessary 
to utilize heterologous as well as homolo- 
gous hosts for an accurate diagnosis of the 
Type of pox virus present in the bird. Fowl 
ix virus may be demonstrated readily by 
[he application of a suspension of the 
materi^ to the skin of susceptible chickens 
by scarification of the comb or by ^e 
“stick and "feather follicle" methods de- 
scribed later. If the virus is present the 
chicken will develop typical cutaneous 

l«iom In from 5 to 7 day.- 

cases microscopic exammations should be 
made of scrapings from the base of the 
lesions tor detection of Bollmger bod.es. 

Protection or immunity test, will, fowl 
Dox immune and susceptible chickens may 
be used simultaneously with mfectmty 
tests and microscopic tests. The original 
fowl pox suspected birds which recover 
from Ote infection may be tested for im- 
munity to a known fowl pox 
Microscopic examinations 
and histological preparations of suspected 
lesion matSial are of diagnostic value. 
Smear, may be prepared a““d.”S. “ 
method of Goodpasture (1928) . it tne 
surface of such a lesion be 
and the scrapings moistened with water 
and pressed under a cover glass, the v.ms 
bodiS may be easily recoguired under the 
microscope.... In smear, stamed wi h 
Loeiner's Bagella stain, or hettm with 

cmbol-anilin-tuchsin for 1 

mordanting an equal period ^ P' 

cent poiassium permanganate (G°ddp» 
turel they are readily demonstrable. They 
acTround or slightly oval, sothed^ “j 
„„ged in short chains or m d.plococcal 
ami biscuit forms. They arc colored a d^s 
unc. pink by the latter ™ 

rram-neeative. These bodies may 

STed Equally well in darWd prepa- 
rations. They measure 
diameter, and have the appearance gen 
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ally of a minute, nonmotile microorgan- 
ism.” 

Brandly and Dunlap (1958) utilized 
the method of Morosow (1926) for pre- 
paring and staining direct smears from 
suspected lesion material. These authors 
have successfully used this method of ex- 
amination to facilitate rapid diagnosis of 
suspicious field cases. 

Angstrom (1951) reported that Bollin- 
ger bodies are readily demonstrable in 
fresh, unstained preparations from recently 
formed lesions. 

Sevoian (1960) described a rapid, histo 
logical method using a solution which fixes 
and dehydrates tissues simultaneously. 
Using hematoxylin and eosm stains, intra- 
cytopUsmic inclusions for avian pox were 
demonstrated readily within 3 hours. 

Stained histological preparations should 
reveal the presence of Bollinger bodies and 
the typical microscopic lesions observed 
with fowl pox. 

Serological tests of the suspect virus 
widi known fowl pox antiserum may be 
conducted witli living hosts and also with 
embryonating chicken eggs as described 
by Burnet (1936b) and Burnet and Lush 
(1936) for neutralization tests. Burnet 
and Lush (1936) produced fowl pox anti- 
serum by inoculation of susceptible birds 
on the scarified comb and intramuscular 
injection of an emulsion of fowl pox in- 
fected chorio-allantoic membrane material. 
A course of three more intramuscular in- 
jections of infected membranes was begun 
5 weeks after the initial inoculation. Blood 
was collected from the birds 10 days after 
the last inoculation. 

Dalling et al. (1929) were successful in 
producing fowl pox antiserum by immu- 
nizing susceptible chickens through appli- 
cation of the virus to the scarified comb. 
After "takes” were no longer produced by 
subsequent application of the vims to the 
comb, a course of four to six increasing 
doses of active virus was injected intra- 
muscularly. The protective value of the 
antiserum could be estimated by two 
methods — scarification and intravenous 
injection. With the scarification method. 


equal amounts of the test-dilution virus 
and antiserum were admixed, incubated 
at room temperature for 1 hour, and then 
applied to the scarified comb. It was pos- 
sible to test as many as twelve samples on 
the comb of one bird. With the intra- 
venous meiliod, varying amounts of anti- 
serum were injected intramuscularly, and 
on tlic following day eacli bird received 
the test-dilution of virus intravenously. 

Neutralization tesu utilizing embryo 
iiadng chicken eggs would necessitate the 
recovery of the virus in a bacteria-free 
inoculum. Techniques are discussed under 
the section Cultivation of avian po* 
viruses. Isolation and propagation of the 
virus in eggs with the appearance of typi- 
cal lesions on the chorio-allantoic mem- 
brane would oiler presumptive evidence oi 
the identity of the virus. Identification of 
the virus requires neutralization tests us- 
ing the embryo technique, protection or 
immunity tests, or serological tests, 
Lcdingltam (1931) demonstrated ag- 
glutination of ilie elementary bodies of 
fowl pox virus with sera in dilutions as 
high as 1:160 from recovered and hypff- 
immunized citickens. Agglutination d» 
not occur with normal sera. QuantltaU'e 
experiments (Ledingham, 1932) showe 
that the agglutinin response was slow after 
inoculation with Uie virus. Sera fror“ 
hyperimmunized birds showed titers as 
high as 1:300. 

The agar gel precipitation test can ^ 
used for the diagnosis of fowl pox an 
its diRerentiation from certain oilier respi 
ratory diseases of chickens according to Jor 
dan and Chubb (1962) and Woernie 
(1963). The lest is relatively simple to pen 
form and can be completed within ^ ^ , 
days in comparison to the longer time an 
more technical aspects of using chicken e 
bryo methods. . - y 

Cultivation of avian pox viruses, r 
pox virus like other viruses can be w 
vated only in living cells. These 
may be supplied by the host, avian e 
bryos, and tissue culture. . 

Cultivation of fowl pox virus m 
host may be accomplished by appbea i 



Chapter 26: fOWi POX 


797 


of the virus to the scarified comb o£ a sus* 
ceptible chicken and collection of the 
scabs. Brandly and Bushnell (193^ re* 
ported that lesion material harvested ibe 
tenth and eleventh days after inoculation 
was the most virulent and produced the 
most extensive cutaneous lesions. The 
scabs should be desiccated, powdered, and 
stored under refrigeration until used for 
the next passage. Pigeon pox virus may 
be propagated, according to Graham and 
Brandly (1940), by the application of a 
freshly prepared 1 per cent aqueous solu- 
tion of powdered pigeon pox skin lesion 
material to a defcathered area of the 
ventral surface of the breast of pigeons. 
Inoculated pigeons were killed when mori- 
bund, usually about the sixteenth day, and 
the affected skin and scab removed. This 
material was desiccated, cut into small 
pieces, ground to a fine powder, and re- 
frigerated until used for the next passage. 

The technique of avian embryo culture 
of viruses requires bacteria-ftce inoculum. 
Woodruff and Goodpasture (1931) suc- 
cessfully cultivated the virus of fowl pox 
on the chorio-allantoic membrane of 
chicken eggs. Woodruff and Goodpasture 
(1931) and Beaudeite and Hudson (1938) 
described certain aseptic techniques for col- 
lection of bactena-free, virus-iofccicd 
materials from birds. Penicillin and strep- 
tomycin, however, can be used to render 
such material bacteria-free. Variable 
amounts of these antibiotics have been 
employed but, as a general rule, 1,000 to 
10,000 O.xford units ol penidJJm and 1 
>0 10 mg. of streptomycin per milliliter of 
suspended material are satisfactory. No 
brega and Reis (1949) used 5,000 Oxford 
units of penicillin to free suspensions of 
pigeon pox \irus-infecced skin of bacterial 
contamination. 

The Bierbaum and Gaede (1935) 
method of intracerebral inoculation pas- 
sage through pigeons and/or chickens of 
pigeon pox lesion material for obtaining 
bactcria-free virus inoculum has been uti- 
lized successfully by Brandly and Dunlap 
(1938), and Brandly (1941). This method 
consists of introducing the material intra- 


cerebrally, and after 8 to 12 days incu- 
bation the bird is sacrificed and the brain 
removed aseptically. Brandly (1941) re- 
ported that in two instances a pure pox 
virus was obtained from the first passage, 
and rarely were three or more intracerebral 
passages necessary to free the virus from 
bacteria. 

Avian embryo culture offers an eco- 
nomical and convenient means for the 
pursuit of many fundamental virus investi- 
gations as well as the source of materials 
rich in virus for the production of vac- 
cines free of bacteria. Consideration must 
be given to the species of embryos, as cer- 
tain viruses fail to propagate in embryo- 
nacing eggs of all domestic fowl. The 
temperature of incubation and the age of 
the embryos also influence the action of 
tlie virus, as well as the route of inocula- 
tion (Cox, 1952; Cunningfiani, 1963). 

There are two general methods, with 
modifications, for preparing eggs lor inocu- 
lation of (he chorioallantoic membrane 
witli virus (Cunningham, 1965). The 
Brandly (1955, 1936, 1941) method con- 
sists of introducing the inoailum between 
the inner shell membrane and the chorio- 
allantoic membrane. 

The Burnet (1936a) method consists of 
the production of an artificial air cell on 
the side of the egg where the inoculum is 
deposited on the chorio-allantoic mem- 
brane. 

The amount of inoculum depends upon 
the particular problem under consider- 
ation. Inoculum of 0.05 cc. or more has 
been used by various investigators. 

A technique which permits, in a single 
injectioti, a combination inoculation of the 
chorio-allantoic membrane, allantoic 
chamber, and I'olk chamber lias been de- 
scribed by Gorham (1957). 

Woodruff and Goodpasture (1931) used 
10- to 15siay-old embryos for their investi- 
gations of fowl pox virus. They were, 
however, successful in cultivating the virus 
on the diorio-allantoic membrane of 6- 
day-old. and, in one instance, 4-day-oId 
embryos. Slight abrasion of the skin of the 
embryos resulted in successful growth of 
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the virus, but the trauma resulting from 
iliis method was so great and the mor- 
tality so high that this method was 
abandoned. 

Burnet {1936a) reported that for tire 
study of inclusions 10-day-old embryos are 
best suited, while for virus produaion 11- 
or 12-day-old embryos are preferred. 
Brandly (1936, 1937, 1941) used 10- to 
14-day-old embryos, but 12-day-old em- 
bryos were preferred for critical obser- 
vations of the action of the virus. 

Brandly (1937) studied the suscepti- 
bility of duck, guinea fowl, and turkey 
eggs to fowl pox virus as compared to 
chicken eggs. The eggs svere of various 
ages from 10 to 18 days with tire control 
chicken eggs 12 days old. Infection was 
obtained in all spedes of eggs employed 
but a ten- to thirty-fold greater end-point 
concentration of the virus was necessary to 
initiate infection in duck eggs. This was 
interpreted as a lower degree of suscepti- 
bility of duck-e^ membranes (o infection 
with fowl pox virus. An apparent increase 
in the resistance of duck eggs was noted 
after the fifteenth day of incubation. In- 
fection was not noted in duck eggs inocu- 
lated on the eighteenth day, while slightly 
more than half of the eggs inoculated on 
the sixteenth day shotved evidences of in- 
fection. Turkey eggs of the same age as the 
tile duck eggs and inoculated with the 
same virus preparation showed infection 
of 80 per cent of the eggs. With chicken 
eggs it svas found in some instances that 
infection was obtained in 10- and 12-day- 
old eggs widi virus concentrations approxi- 
mately 10 to 30 times smaller than was re- 
quired to infect 14'day-old eggs. A ten- 
dency to metastasis of pock lesions was 
noted on the membrane of the 10- and 12- 
day-old eggs when dilute suspensions of 
virus were used. Large confluent lesions 
confined to the large pole of tlie egg were 
found in about equal numbers of tire eggs 
of the different ages which received con- 
centrated virus. Differences in the survival 
time of the embryos in eggs of various ages 
that developed pox infection did not ap- 
pear consistent or significant. The infec- 


tive concentration of fowl pox virus was 
not materially influenced by adsorption 
when powdered Pyrex glass and quarti 
sand were used as abrasives for grinding 
infected egg membranes. Repeated egg 
passages through 20 successive series of 
eggs did not dtange the virus insofar as 
the appearance of skin lesions in vacci- 
nated birds was concerned. It was recom- 
mended that all harvested material be 
rapidly dehydrated at a low temperature 
if the material was to be held an appreci- 
able length of time. 

Brandly and Dunlap (1939) reported 
that passage of one strain of fowl pox 
virus tlirough 68 series of eggs did not in- 
fluence the virulence for chickens or for 
the chorio-allantoic membrane. The mem- 
branes of 12-day-old eggs were found to 
be more susceptible to fowl and pigeon 
pox virus than was the skin of chickens 
6 to 12 weeks old. 

Brandly (1941) conducted extensive ex- 
periments on tlie propagation of fowl and 
pigeon pox viruses in chicken eggs and the 
utilisation of these viruses in immuni- 
zation studies. Inoculated 12 -day-old em- 
brj'os were incubated for 4 to 5 days and 
the chorio-allantoic membranes were col- 
lected. Gross lesions were visible as early 
as 48 hours after inoculation. The pigeon 
pox viruses iiad the tendency to loalize 
over the area inoculated. The fowl pox 
viruses tended to metastasize rapidly. Ac- 
cording to Brandly, “The nature of the 
lesions induced in developing cliicken 
eggs by fowl pox and pigeon pox viruses 
differed considerably among the strains 
studied. Grossly, the pigeon virus lesions 
were typically pale yellow to white, with 
a nacre or pearly tint, whereas the fowl 
virus infected membranes were usually/ 
reddish gray and quite heavily congested- 
individual pocks , . . were globular in fonn 
in the case of pigeon virus, compared with 
the somewhat thinner and relatively 
fowl pocks." (Fig. 26.3.) 

Thorning et al. (1943a) presented evi- 
dence of fowl pox virus in the embryo 
proper and yolk as well as in the chorio- 
allantoic membrane. The greatest concen- 
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iralion of the virus wus in Use 
allantoic membrane, a lower eoncen m on 
in Ure ,olk, and a still I™" 
in the embr,o P«>pee- . '^^t 

stated drat "Available e' ■deuce dotn 
indicate that multiplication ol lossl !»» 
virus occurs in various parts ot the 
exclusive o£ U.e cliorioallantois, and ™u> 
iutther evidence is presented, si apl«a'> 
that die Vitus content, as vvel as tts ■■ 
munogcnic activity, is related o 
content o£ the diorioallanioi^ „om\ fc- 
In Beaudeue and Hudsons ^ . 

nort on die cultivation of pjgcot'P® , 

on Utc diorio-allanioic 
dticken eggs, it i* stated that tlic 
did not dtllcr in appearance r 


, Bvl. 478.) 

Of fowl pox virus. The most extensive in^ 
volvcmem svas seen tvhen the moculutn 
,,-as ridi in virus and the eggs were incu- 
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i”wl 1>«X Vitus svas apparently lethal to 
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According to von Ueischauer (1906), 
the virus resists dry heat for 15 to 30 
minutes at 80® C. and moist heat for 5 
minutes at 100° C. The virus is inactivated 
in 5 minutes by 1 per cent potassium 
hydroxide, 1 per Cent scecic acid, and bi- 
chloride of mercury 1:1,000. Loewenthal 
(1906) exposed the virus to radium and 
found it active after 5]^ hours. An emul- 
sion of scabs tvas active after Ivi hours in 
1 per cent phenol but not in 2 and 2^ 
per cent phenol according to Alanc and 
Sticker (1903), Graliam and Barger 
(1936) found that 1 per cent aqueous 
suspension of fowl pox virus on sterile cot- 
ton squares, on the feet and down of day- 
old chicks, upon being subjected to 
routine incubator fumigation, survived 30 
minutes, often 45 and 50 minutes, but 
was consistently noninfective after 90 
minutes. The infectivity of the virus sus- 
pension fumigated for 30 and 45 minutes 
was not appreciably altered as demon- 
strated by infectivity tests with susceptible 
chicks. 

Graham and Brandly (1940) reported 
that 1 per cent suspensions of virus con- 
taining 0.023 to 0.5 per cent formalin, 0.5 
per cent phenol, 2 per cent saponin, and 
0.5 per cent tricresol were completely in* 
activated when stored for 48 hours at Ice- 
box temperatures. Coulsion and Manwell 
(1911) found that canary pox virus in 
the dried form was virulent for 7 months 
but not for 11 monilis. Bcaudctic (1941) 
reported tliai a dry scab removed from a 
wild turkey and stored in an electric re- 
Vs^txaVoT tonVarnei aevive vsnav apptoxv- 
maiely 8 )cars later. 

McCulloch (1915) enumerates several 
factors to be considered for an assessment 
of the virucidal properties of ph)sical and 
ciwnucal agents. The auUior reported iliat 
95 per cent and 75 per cent solutions of 
cthjl alcohol inactivated the virus in less 
ihati 10 minutes, 50 per cent ethji alcohol 
inactivated the virus in 50 minutes but 
not in 10 minutes, and 25 per cent erhji 
alcohol was iiithout effect. These tests 
were made at 20® C. s*itli 1,000 infrciive 
doses, and the broilt in »*hidi the virus 


was tested was at pH 7. The virus was 
found to be inactivated by 50 parts of 
available clilorine per million when the 
materia! ivas suspended in F.D.A. ^ broth. 
The virus was able to n-iihstand a 20-min- 
ute exposure to 3 per cent {ormaldeb)de 
solution at 20° C., although the incubation 
period in chickens inoculated tvith the 
treated virus was prolonged. A commercial 
solution of hexylresorcinol (1:1,000) in- 
activated the virus when diluted 1:4 but 
not when diluted 1:8. Tincture of iodine 
diluted 1:400 inactivated the virus, but 
a 1:800 dilution was without e/Tect. A 1 
per cent aqueous solution of mercuro- 
chrome was without effect, while a 2 per 
cent solution inactivated the virus at 20® 
C at pH 7. The virus was able to witJi- 
stand 3 per cent phenol for 10 minutes 
at 20® C. but not for 30 minutes. A 1:500 
dilution of sodium h>droxide at 20® G 
inactivated the virus in ID minutes, but 
a 1:600 dilution vvas without e0cct. When 
tlie virus was suspended in F.D.A, broth 
pH 7, at 20® C, 1:1,000 crystal violet in- 
activated the virus in 10 minutes, 1:50 
acriflavine in 10 minutes but not 5 min- 
utes. while 1:100 acid fuchsin (ailed to 
inactivate live virus in 30 minutes. In cacli 
inoculum there were approximately 1,000 
infective doses. A 1:400 dilution of liquor 
cTcsolis at 20® C. inactivated die virus in 
10 minutes but not in 5 minutes, while at 
20® C. a dilution of 1:5.000 was as elective 
as tlte same dilution at 40° C. 

A suspension of 100,000 infective doses 
of the virus in F.DA. broth was inacti- 

C.. in 15 to 20 minutes at 55® G, ami re- 
sisted for longer than 1 hour at 50® C. 

Graham el ah (1939) reported that ir- 
radiation of aqueous suspensions of fowl 
pox virus with hard X ra)s in dosages up 
to 888 r units had no effect- The virus 
was inactivated by ultraviolet light from 
a mercury vapor lamp in 2 hours at 20 cm. 
and attenuated when cajKiscd tor 15 to 
90 minutes. Tlte addition of fnciI»>Jcnc 
blue i« a aincenuation of t:30,000 reduced 
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the time necessary for inactivation to 5 
minutes, while minutes irradiation 
markedly attenuated the virus. 

Robbins (1944) reported that neither 
penicillin nor patulin were eflective 
against the virus as shown by infectivity 
tests on the chorio-allantoic membrane of 
chicken eggs. 

Beaudette et al. (1948) found that fowl 
pox virus propagated in chicken eggs was 
active after being held in the dried state 
up to 3.598 days, while the same strain 
adapted to duck eggs was active up to 
1,928 days. Pigeon pox virus passaged in 
chicken eggs and in duck eggs was active 
up to 3,605 and 1,099 days, respectively. 

Epizoology. Fowl pox is prevalent 
wherever poultry is raised. The incubation 
period of the spontaneous disease varies 
from 4 to 6 days, according to Goodpasture 
(1928), and from 6 to 14 days, according 
to Oelaplane (1943). While the disease 
may make its appearance at any time, the 
greatest incidence is during the fall and 
winter months, Under natural conditions, 
the disease usually makes its appearance 
in young stock at about the time they are 
housed in laying quarters. Following this 
it may reach serious proportions. During 
the fall and early winter, the cutaneous 
form predominates in most outbreaks, 
while during the winter months the diph- 
theritic form IS usually most common. The 
epizoological picture is similar to that of 
other contagious diseases in that variations 
in virulence may be observed. If nothing 
is done to control an outbreak, it may per- 
sist in a flock throughout the winter. The 
course of the uncomplicated disease is 
usually about 3 to 4 weeks, but if compli- 
cations are present the duration may be 
considerably longer. Recovered birds are 
immune to further infection. 

Chickens affected with the cutaneous 
form of the disease are more likely sub- 
jects for recovery than chickens affected 
svith the diphtlieritic form, particularly 
when the lesions involve the respiratory 
tract, eyelids, and nasal sinuses. A flock 
in good physical condition usually war- 


rants a favorable prognosis, while the 
prognosis is unfavorable if the Rock is 
affected svith other infectious or parasitic 
diseases or is subject to poor nutrition and 
management. 

The mortality rate is variable. In laying 
flocks the egg production will be tem- 
porarily retarded. This is associated with 
an increasing number of emaciated chick- 
ens. The mortality in laying flocks may 
assume serious proportions. 

Individual symptoms of fowl pox may 
be manifested in one of three forms or a 
combination of these forms, depending 
upon the virulence and pathogenicity of 
the strain of virus involved: (1) locali- 
zation of typical cutaneous pox lesions on 
the comb, wattles, and face region (Fig 
26.4); (2) localization of the infection in 
the mouth region with the appearance of 
typical dipluheritic lesions; and (3) locali- 
zation of the infection in the nasal cham- 
bers with accompanying coryzalike symp- 
toms. While pox lesions are not commonly 
observed on the feet, legs, and body of 
chickens, these lesions may be observed if 
chickens are reared on wire floon. Oto 
than the typical cutaneous and diph- 
theritic lesions there are no characteristic 
lesions to be found at postmortem exami- 
nation of affected duckens. 

Chickens of all ages, sexes, and breeds, 
unless previously exposed, are equally 
susceptible to the virus by inoculation 
Under natural conditions there seem to 
be possible breed differences in suscepti- 
bility. Cary (1906) reported that chickens 
with large combs seem to be more sus 
ceptible to infection than chickens with 
small combs. Johnson (1927) has reported 
that Leghorns appear to be more suscep 
tible to natural infection than are Barred 
Plymouth Rocks because of the large com 
area. 

The disease is not commonly seen m 
young chickens, although Beaudette 
(1929) and Johnson (1938) have observed 
outbreaks in battery brooded chicks. Ii’ 
the latter report, the chicks were 6 weeks 
old. and the lesions in practically all e^ses 



Chapfer 26: fOWt POX 



FIG 26.4 — Severe cose 
of fowl pox. (Brunett, 
Cornell Vet.} 
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the internal organs of recovered chickens 
or on the comb after complete disappear- 
ance of lesions. 

According to Burnet (1906), if feathers 
are plucked or the skin is scarified after 
intravenous injection of the virus, specific 
lesions will develop at the site of the cu- 
taneous injury. The author concluded that 
the requirements for the development of 
eruptive lesions are a vireraia and a sus- 
ceptible point for the lesion. 

Beaudette (1941) stated that in a small 
percentage of birds (usually less than 5 
per cent) secondary lesions may appear 
on the head as a result of viremia. 

That fowl pox virus may be transmitted 
by intermediary carriers has been re- 
ported by several investigators. Cary 
(1906) stated that “Mosquitoes — and 
other insects — may sometimes be the real 
earners of tire real virus." Kligier el al. 
(1929) have shown that Cufex ptpiens and 
Aedes aegypti are capable of transmitting 
the disease from infected chickens, as 
lesions developed in from 5 to 10 days 
after the infected mosquito was allowed 
to feed on a susceptible chicken. The 
mosquitoes were considered to be me- 
chanical carriers of the virus as they were 
capable of transmission of the disease im- 
mediately after feeding on infected chick- 
ens. In one case (he mosquitoes remained 
infectious for at least 14 days. 

Kligier and Ashner (1929) studied the 
transmission of fowl pox by Culex pipiens 
and Aedes aegypti and showed that the 
same mosquito may produce a number of 
consecutive infections for at least 16 days. 
Infected mosquitoes were capable of txans- 
niitting the infection despite intermediate 
feeding on guinea pigs. The virus ap- 
peared to be localized on the proboscis of 
the mosquitoes, which may remain infec- 
tive for 16 to 19 days. Only rarely could 
the disease be transmitted by inoculation 
of other parts of the mosquito’s body. The 
virus behaved in the same manner on in- 
fected pins as on the proboscis. Blanc and 
Caminopetros (1930) showed that infected 
Culex ptpiens could transmit the infection 
for at least 58 days and from pigeon to 


pigeon for at least 38 days. Matheson et al 
(1932) showed that the virus could be 
transmitted by Aedes vexans for at least 27 
days. 

Stuppy (1932) presented evidence that 
Culex pipiens and Stegomyia fasciata were 
capable of transmitting fowl pox for at 
least 39 da)S. The incubation of the 
mosquito-transmitted infection was from 
6 to 8 days. The infection was sufficient to 
produce immunity. It was believed that 
the transfer of virus was not simply me- 
chanical and that it was possible that ffie 
mosquitoes remained infective for life. 
The virus was present in the body of the 
mosquitoes. 

The incubation period of Kikuth and 
Collub (1932) canary pox is about 4 dajs, 
the canaries dying from 7 to 12 days after 
infection. Durant and McDougle (1938) 
observed Uiai canary pox apparently oc- 
curs in cycles of about 21 days in young 
canaries, wiiJi a mortality of about 100 
per cent of all birds aifected. Death oc- 
curred quite regularly from tlie tenth to 
the fourteenth day after exposure. Re- 
covered canaries were refractory to subse- 
quent exposure to a virulent virus. Ac- 
cording to Coulston and Manwell (1941). 
canary pox was uniformly fatal to canaries 
after a week or 10 days when the lesioiu 
were localized other than on the toes and 
legs. In the latter form the disease was 
diTonic, but it also killed the canary after 
a period of some weeks or months. 

Prevention and control. Graham and 
Brandly (1940) and Beaudette (19^) 
present extensive reviews of the literature 
on immunization. Much of the early 'vor 
was oanducted with virus which had been 
attenuated, and in some cases inactivate . 
by physical or chemical means, or virus 
modified by passage Uirough heterologous 
hosts. The immunogenic properties o 
these preparations were subject to 'vi 
variations. The ineffectiveness of 
vaccines prompted exploration of the pos 
sibilities of utilizing virulent fowl po* 
virus obtained from cutaneous 
De Blieck and van Heelsbergen (19^ ) 
were probably the first to use on a larg^ 



scale the fully virulent virus for cutaneom 
immunization. That vaccination of cluck- 
ens with fully virulent virus is an eifective 
immunizing agent has been reported by 
many investigators who have also empha- 
sized that certain potential postvaccinaiiori 
hazards may accompany this method ol 
immunization. A review of the reasons tor 
failures in immunization against pox has 
been presented by Beaudeite (1941). 

Two types of vaccines are available lor 
immunization of domestic fowl against 
pox; fotvl pox vaccine and pigeon pox 
vaccine. The success of a program with 
these vaccines depends upon their utili- 
zation only under the conditions where 
indicated, and upon the potency and 
purity of the vaccines and their appli- 
cation. 

Vaccines were formerly of two types- 
"chicken origin" or "pigeon propagated, 
and “chick-embryo origin" or "egg-propa- 
gated." depending upon 
preparation. According to 
licensed laboratories in the United Sutes 
are not permitted to use fowls in 
production of poultry vacanes due to me 
possibility that the causative agents ol 
other diseases may be contained m 
CTude material obtained from chicken and 
pieeon tissues. • 

Fowl pox voccint. ■■Chict-embi);o ori- 
gin” or -egg-propagated” vaccine is pre- 
pared by propagation o£ the virus oil 
chorioallantoic membrane o£ <*>'*' 
eggs. The infecced membranes are colieci- 
ed desiccated, ground to a fine 
distributed in suitable comamers, 
stored under reirigeration. The best ype 
o£ containers are glass vials or a»'P>“ “ 
in which the virus can be heimelical y 
sealed in vacuo for maximum le^non or 
potency o£ the virus. A suspens.or. o£ -10 
mg. „[ virus in 2 cc. o£ d.lnen. » «us- 
faaory tor vaccination o£ 100 chickens ac- 
cording to Beaudette (1911). „ j 

Thoming et al. (1943a 
Kerlin and Graham (1944a, J ^ 
ported that fowl pox vaccines p 
item the entire chicken embryo 
immunogenic properties. Bryan \ 
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prepared a satisractory vaccine consisting 
of 5 per cent fowl pox virus intecred. un- 
desiceated entire embryo suspended in 50 
per ant bultered glycerol at pH 7.6. When 
Mored al 14” C.. the vaccine was active for 
8 montlis. When stored at 5” C., the vac- 
cine was viable for 2 years. 

Prior (1951) prepared a mixed New- 
castle disease-fowl pox whole embryo vac- 
in 50 per cent glycerol that immu- 

. . • KywcT, etiCPlkQP.S- 
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nized chickens against both diseases. 

Brandly and Dunlap (1939) and Sab- 
ban (1954) present conclusive evidence 
.hat ig-propagared vaccines represent a 
I, in? and desirable rehnemen. over 
chicken-propagated vaccines. Zargar and 
Pomeroy'^ (1950) isolated Newcastle dis- 
ease virus from commercial fowl pox and 
laryngotiachcilis vaccines. These findings 
Imptoire d« necessity tor adequate pro 
cirmions to exclude contamination of vac- 
cines with extraneous viruses. 

Pigeon fox noerine. "Chick-embryo or.- 
gin’' or "egg-propagated’ vaccine » pr 
nared and processed as previously de- 
SSd for fowl pox vaccine. A suspension 
of at least 80 mg. of virus in 4 cc. of diluent 
?„r Uccination of 100 chickens ts reeom- 
mended by Beaudette (1941). 

Nobrega^nd Reis (1949) 
fowl pox^ vaccine prepared with whole em- 
Zo from eggs inoculated wrd, p.gcon 
nox Vitus by the allantoic cavity route 
£ve results as satisfactory as those ob- 
tained by propagation of the virus on the 

chorio-allanioic membrane. 

yaccwalion. Fowl pox vaccine is used 
to vaccinate chickens and turke>^. and U 
may also be used for pheasants. Fowl pox 
vaine fa not to be used on pigeons am* 
i, is never to be used ou 

Pigeon pox vaccine fa used to vaccinate 
chicSs. mrkeys, pigeons, and pheasant^ 
St ustd on Sickens and lurkei* J^en 
rhme birds are laying or when “ 

debilitated through the ^an- 

diseases or improper nutrition and man 

’®?“'i.o* vaccines of adequate potent 
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the disease in a severe form in chickens. 
When properly used, the vaccine is equiva- 
lent to a mild attack of tlie disease. Vacci- 
nation differs from the natural disease only 
in that the vaccine is applied to a small 
area, tlie extent of the lesion is less Uian 
tliat encountered in the natural disease, 
and it is given to the cliickcn at an age 
when postvaccinaiion reactions arc less 
likely to occur titan in the natural disease. 

All vaccines should be mixed away from 
tlte poultry house and precautions should 
be taken not to spill any of it. Tlie vac- 
cine should be mixed just before use and 
only enough prepared for one day’s oper- 
ation. If it IS necessary to hold vaccine 
overnight, it should be kept frozen After 
the vaccine is mixed, the hands should be 
washed to prevent contamination of the 
birds since Ute vaccine should be kept 
away from all parts of the bird except the 
site of vaccination. When vaccination is 
completed, the unused vaccine and all 
containers should be burned. The "stick" 
instruments should be boiled if they are 
to be kept for further use. 

Since the flock will have to be examined 
for "takes,” it is well to be consistent in 
the site of vaccination so that no con- 
fusion will occur in a false interpreution 
of the reaction to the vaccine. 

Chickens may be vaccinated witli fowl 
pox vaccine by one of two methods: the 
“stick” method and the "feailter follicle," 
or brush, method, since the virus has a 
predilection for cutaneous epithelium and 
follicular cells. Chickens may be vaccinated 
successfully with pigeon pox vaccine by 
the “feadier follicle” method only, since 
pigeon pox virus has a particular aflinily 
for follicular cells. 

In tlie “stick" method the vaccine is 
introduced into the cutaneous epithelium 
by sticking die skin with a sharp-pointed 
instrument that has been moistened with 
the vaccine. The sites of application may 
be the skin of die leg, the under surface 
of the web of die wing, or the breast. The 
under surface of the web of the wing is 
probably the most convenient area. In 
baby chicks the vaccine is introduced into 


the skin of the flank region. The vacd- 
natiiig instrument may be of any type 
that will insure adherence of the virus for 
Its introduction into the skin. Most manu- 
facturers supply an instrument with the 
vaccine. 

When the "stick” method is used, the 
vaccine should be in a container with a 
mouth wide enough to allow entrance of 
the instrument so iliat the points can be 
moistened easily with Uie vaccine. As an 
added precaution to prevent spilling of 
the vaccine, a small piece of wood, 2 inches 
by 4 inches by 6 inches long, with holes 
large enough to receive die container o£ 
vaccine, should be prepared. The instru- 
ment should be moistened with vaccine 
before cadi application. 

With the ’’feather follicle’' method the 
vaccine is applied to dcfeadicred follicles 
vviih a brusli. The brush should be stiff 
enough to vviihstand repeated usage vvith- 
out deterioration, and the bristles should 
be of a suitable length and number. Most 
manufacturers supply a brush widi the 
vaccine. When vaccine is applied, only 
iliree or four follicles should be infected, 
as the reaction of the vaedne increases m 
proportion to the number of follidcs in* 
fected. Usually, the most convenient vac* 
cinaiion area is die anterior or lateral as- 
pect of one leg about midway between the 
hock joint and the femoro-tibial articu- 
lation of the leg. The brisdes of the brush 
should be moistened widi vaccine before 
eadi application and directed into the 
open follicles for proper deposition of the 
vaccine. 

When pigeon pox vaccine is used, the 
area should be considerably larger than 
that with fowl pox vaedne, since die de- 
gree of immunity produced is in direct 
proportion to the size of the vaccination 
lesion, and pigeon pox virus does not 
produce a systemic reaction in diickens. 
The feadiers should be plucked from an 
area of about 1 by 2 inches on die leg- 
and the exposed follicles over the entire 
area infected with the vaccine by directing 
the brush against the openings of the fd" 
lides. This is of particular importance m 
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view of tlie affinity of pigeon pox virus for 
follicular cells. 

The method of vaccination is a matter 
of persona! preference. There are certain 
distinct advantages of the "stick" method 
over the ‘‘follicle" method which make 
the former more desirable when rising fowl 
pox vaccine. According to Johnson (1954), 
some advantages of the "stick.'' method are 
as follows; uses less virusj permits more 
rapid vaccination; requires less help by 
eliminating feather plucking; results in 
less contamination of fowls and premises; 
results in less virus at "take"; standardizes 
vaccination procedure; results in less ex- 
posure of the "takes": and provides a 
method applicable to fowls from a day 
old to maturity. 

Reaction to fowl pox vaccine and evi- 
dence of a successful vaccination consists 
of a scab or "take" ^vhich may be readily 
detected in a tveek at the site of vaccination 
by either the "stick” or "feather follicle” 
method. The [lock should be examined for 
"takes" between the sixth and tenili day 
lollowing vaccination. If the vaccine was 
applied to the web of ilie wing by the 
"stick” method, two small scabs will be 
observed svhere the points of the vacci- 
nating instrument were introduced into 
the skin ami nntally »tvQ smail scabs on 



flO. 26.5 — Web of wing of chicken. Six-day 
"ioVft*/* towl pox vaccine, inMhod. tBlv- 

nett, Cornell Vet.) 


the outer surface of the iving where the 
points emerged (Fig. 26.5). 

With the "leather follicle" method 
there will be a swelling of each follicle and 
the fonnaiion of a scab (Fig. 26.6). These 
scabs wifi enlarge during the course of a 
week or 10 days and may coalesce to form 
a single scab covering the entire vacci- 
nation area. 

A "take" following vaccination with pi- 
geon pox vaccine is indicated by a swelling 
of the follicles which may be evident as 
early as ilie fifiji day. Scabs are not pro- 
duced in chickens immunized with this 
vaccine. A flock examination for "takes" 
.should be made at about 10 to 12 days 
following vaccination. "Takes" with both 
fow'l and pigeon pox vaccines subside and 
disappear about the third week following 
vaccination. The scabs dry and drop off 
the birds immunized with fowl pox vac- 
cine. 

The immunity developed following vac- 
cination with fotvl pox vaccines endures 
throughout Uie life of the diicken. With 
pigeon pox vaccine the duration of the 
immunity is not as long nor as well es- 
tablished as that from fowl pox vaccine 
(Seegar and Price, 1956). 

Vaccination provides no protection dur- 
ing Uie first two or iliree weeks, and birds 
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may become infected with the natural dis- 
ease. Maximum immunity is usually at- 
tained by the end of the fourth week. Vac- 
cination is only a prophylactic measure 
and not a treatment. If vaccination is to 
be done when the disease has just made 
its appearance, all visibly affected birds 
should be removed from the flock and 
isolated to prevent spread of the infection 
from this source. Medicinal treatment of 
chickens against fowl pox is of no value. 

When properly applied, a vaccine of 
adequate potency should produce "takes" 
in all vaccinated birds. Failure to obtain 
“takes" may be the result of the applica- 
tion of a vaccine of inadequate potency 
(one used after expiration date or sub- 
jected to deleterious influences), im- 
proper application of the vaccine, or use 
on immune birds In the event iliat “takes” 
are not obtained (except in birds previ- 
ously immunized or recovered), the flock 
should be revacemated at once. 

The age of the bird receiving fowl pox 
vaccine is important. In certain areas day- 
old chicks are vaccinated, but the severe 
systemic reactions and high mortality rate 
following vaccination do not make birds 
of this age satisfactory subjects The pref- 
erable age is from the sixth to the cweHUi 
week according to Delaplane (1943) and 
from the eighth to the tenth week ac- 
cording to Beaudetce (1941). As as rule 
the chickens should be at least 1 month 
old. Chickens should not be vaccinated 
within 1 month and preferably 2 months 
before production is expected to start in 
order to allow ample time for them to 
recover from the effects of the vaccination. 
The upper limit for light breeds would be 
from 3 to 3l4 months and for heavy breeds 
from 4 to i'/i months. 

With pigeon pox vaccine the upper age 
limit for vaccination is not important since 
this vaccine does not produce a systemic 
reaction in chickens. In young chickens, 
however, the age limit depends upon the 
feathering of the bird since the vaccine is 
applied only by the “feather follicle” 
method. Generally, chickens should be at 
least 6 weeks old, and it is preferable to 


have all birds in the flock well feathered 
before vaccination. 

^Vhen pigeon pox vaccine is applied to 
pigeons, only four or five follicles need to 
be infected, since this virus is as patho- 
genic for pigeons as fowl pox virus is for 
chickens. Follicles of either the breast or 
leg of the pigeon may be inoculated. The 
bristles of the vaccinating brush should be 
directed against the openings of the fol- 
licles to insure the deposition of the vac- 
cine in the follicles. Pigeons should be 
vaccinated at about 4 to 6 weeks of age. 
Vaccinated pigeons should be segregated 
from nonvaccinated pigeons to prevent 
spread of die infection. 

Coldhaft (1956) has described a metliod 
of spray application of pigeon pox vaccine 
to chickens. The degree and duration of 
immunity was, in general, directly related 
to the number and area of follicles in- 
fected by the vaccine. The vaccine was 
used successfully with adult chickens and 
day old chicks. 

Prophylactic vaccination. Prophylactic 
immunization of chickens against fowl pox 
consists of vaccinating susceptible chickens 
with fowl pox vaccine prior to the tune 
when the disease is likely to appear. Vac- 
cination is usually done during the spring 
and summer months in those areas where 
the disease appears during the fall and 
winter months. In tropical climates, 
where the disease may make its appear- 
and throughout the year, vaccination may 
be done at any time when warranted with- 
out regard to seasonal periods. 

Vaccination is indicated in tliree types 
of flocks which present themselves in the 
problem of prophylaxis against fowl pox: 

1. Vaccination is indicated as a routine 
prophylactic measure in a flock that has 
been infected the previous year and when 
the owner wishes to prevent such an oc- 
currence in the new susceptible popula- 
tion. All young stock, produced on the 
premises or introduced from other sources 
since the outbreak, should receive f(^’ 
pox vaccine. ^Vhen several lots of birds 
are raised during the year, each lot shoul 
be -vaccinated at the appropriate age. Vac- 



Chapter 26: FOWL POX 


809 


cinated birds should be maintained under 
strict isolation as they are a source of in- 
fection for the nonvaccinated birds. If vac- 
cination with fowl pox vaccine is delayed 
beyond a reasonable limit to expect the 
establishment of immunity prior to hous- 
ing of the pullets, then pigeon pox vac- 
cine should be used. This practice, how- 
ever, should not be necessary. 

2. If fowl pox was present the previous 
year but pigeon pox vaccine was u«d to 
check the spread of the disease at that 
lime, vaccination is desirable. Since pigeon 
pox vaccine does not induce a durable im- 
munity in chickens, the old birds should 
be revaccinatcd with fowl pox vaccine. 

3. In certain congested poultry districts 
where fowl pox is prevalent, the ovmer 
should immunize the flock through the ap 
plication of fosvl pox vaccine to protect 
the flock against infection from the neigh- 
boring flocks. Delay under these circum- 
tances may result in the infection being 
established at a time unfavorable for vac- 
cination. 

Prophylactic vaccination of pigeons 
with pigeon pox vaccine is indicated if the 
infection was present on the premises the 
previous year and if the loft is in a con- 
gested pigeon district. 

Vaccination of canaries against pox with 
canary pox virus has not been successful 


according to Burnet (]933a) and Durant 
and McDougle (I93S). The latter authors 
observed tliat canaries recovered from the 
natural disease were refractory to further 
infection. Coulston and Manwell (1941) 
reported that canaries which had been 
vaccinated with the virus attenuated 
through storage did develop an immunity 
which protected them to some degree, but 
not completely, against exposure to fully 
virulent virus. As a therapeutic measure, 
1 to 3 per cent mercurochrome in 70 per 
cent alcohol, to which a trace of acetone 
was added, was applied once or twice daily 
to the infected pox areas. The duration of 
the treatment varied with the severity of 
the disease. The authors concluded that 
“This method of treatment is successful 
in nearly all cases, unless they are very ad- 
vanced. Recovered birds exhibit a strong 
immunity to reinfection, particularly if 
they have been infected to begin with by 
a virulent virus.” 

Beaudette (1949) reported that favor- 
able results had been obtained by vacci- 
nation of young canaries by the wing 
“stick” method using a suspension of the 
most advanced passage of an egg-propa- 
gated strain of canary pox virus. Beaudette 
(1953) has compiled an excellent review 
of the literature on modifleation of canary 
pox virus and vaccination of canaries. 
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Fowl Plague 


Fowl plague (fowl pest, pette aviaire. 
GeflUgelpetl) is an acute, highly miec- 
tious, generally iatal virus disease of lOW 
and sometimes of water birds. , 

History. Fowl plague was desaib^ hrsi 
by Perroncito (1878) in Italy, an 
studied by Rivolta and Delprato (l»»wij 
who found it to be different from fowl 
cholera and ailed it typhus^ exsudatwM 
gallinarum. Subsequently, it was i 
covered in enzootic form in southern 
Europe and has been observed in many 
countries of the world. It has b«n wid^ 
spread in Austria, has been foun 
Switzerland, Rumania, and 
occasionally has spread to France, o ® 
and Great Britain. The ditea.e » 
nous in Egypt, has calended isidely m 
Asia, particularly in China and Japan, and 
has occurred also in South Amena. 

Fowl plague was reported fint m North 
America in 1924-25 and again m 
The first severe losses appear to have tc 
curred in the poultry market of New York. 

r 


Citv. and others later in the poul^ mar- 
kets ot New Jersey and Philadelphia. Dh 
John R, Mohler, Chiet o! the United 
States Bureau ot Animal Industry, re- 
ported the existence of the disMe m the 
United States in December. 1924. Its oc- 
currence in New York was repotted by 
Btunell (1925) and in Pennsylvania by 
Stubbs in the same year. Later “■ Iv" 
Beaudetle repotted the presence of fowl 
plague in New Jersey: Julien, in Indiana, 
Boughton and Tunnicliff, rn Illinois; and 
Johnson, in Michigan. An outbreak re 
ported by Beaudette and associates in New 
tersey in 1929, was confined to a lew 
iocJ in one locality and was eradicated 

***EUoloCT. Centanni and Savonuzzi (1900) 
demonstrated the cause of P’*®"' 

be a filterable virus, and later die.r resulu 
were confirmed by other workers. Weineck 
(1940) reports that the infectiyity o 
Le. containing fowl pl»f' Zhcr 

stniyed by extraction with alcohol elhe 
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alcohol, bcnicne, a:id diloroform but not 
by acetone or ether. ^V'eincck considers this 
as evidence that the virulent component 
of llic virus is lipoid in nature. The disease 
aiiachs thickens and related species, but 
diickcns and turkeys are found affected 
most frequently and are considered roost 
susceptible. With few exceptions, which 
seem to be immune, chickens arc infected 
easily by subcutaneous, intramuscular, in- 
trapcritoncal, or intravenous injections of 
amounts even as small as one millionth of 
a cubic centimeter. Feeding infection also 
succeeds. Introduction of the virus through 
injuries to die skin or by instillation into 
the eye produces the disease. After such 
infection, diickcns die in 36 to 72 hours 
and may or may not shovii symptoms. 

Natural infection among pigeons is not 
found so commonly, water birds, sudi as 
ducks and geese, often remain free when 
chickens arc attacked severely ft is a curi- 
ous fact (hat Uiis disease is confined 
frequently to a single species, and that 
other fowls on the same premises arc not 
infected. Artificial infection, even by large 
amounts of virus from the species in whidt 
It has occurred naturally, often fails when 
injected into other species. Thus, on 
premises vulierc there is great mortality 
among chickens, waicrfovvl usually are re- 
sistant. Injection of the virus into the cen- 
tral nervous system succeeds more fre- 
quently among pigeons and water birds, 
in wliidi case the disease usually gives 
rise to nervous symptoms, such as con- 
vulsions and paralysis. 

Mammals are considered immune, as 


artificial infection has been unsuccessful, 
and it is believed that tliis disease is not 
dangerous to man, as there are no re- 
corded cases. Morcos (1946) reports the 
successful transfer of the virus of fowl 
plague from birds into mammals by using 
defibrinated infected fowl blood injected 
subdurallyi into white mice in which the 
virus became fixed after the fifth passage. 
The intracerebral injection was made just 
above and posterior to the eye, and after 
the fifth passage produced death in about 
3 days. At the same lime, the virus be- 
came aUenuated in fowls with a period of 
incubation of 6 days instead of die previ- 
ous 3 day period. The mouse brain virus 
treated with ether was antigenic, and 
Morcos believes it is promising as .an im- 
munizing agent. 

Symptoms. Fowl plague appears with 
sudden onset. Chickens may die without 
showing any symptoms. Usually there ii 
weakness and an inclination to stay on the 
roost or in some secluded place to avoid 
disturbance. Dullness and inappetence are 
present. Hens stop laying, the feathers arc 
ruffled, and the birds stagger (Fig. 27.1)- 

Cyanosis develops, with the comb and 
wattles becoming dark red or blackish. 
The eyes are dark, the eyelids close, the 
conjunctiva is red and swollen. There H 
fever, the body temperature rising to 110®“ 
112'* F., and gradually lowering until it “ 
subnormal (100°-103° F.). 

Edema of the head, consisting of an ex- 
udation of scrum into the subcuuncous 
tissues, marked around the eyes, ear lobes- 
and wattles, with a tendency to extend 



fiG. 37.1— Fowl plogu*. Owllneis, 
lliiltiincti, rvRIed Uoihcrt. 
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downward along the throat toward the 
breast, frequently appears. Edema of the 
glottis may develop, followed by difhailty 
in respiration. The chickens may open 
their beahs for air and breathe with a 
rattling sound; suffocation may occur 
(Fig. 27.2). Mucus exudes from the 
nostrils, tvith a gray or reddish, blood- 
tinged exudate, which may cause the 
chickens to shake their heads in an effort 
to expel the obstructive discharge. Similar 
exudate may be found in the pharynx, 
which may contribute to the gasping and 
rattling sounds. The mucosa of the mouth 
may show small hemorrhages, and fibrin- 
ous exudate may be observed. Diarrhea 
also may be present, usually profuse and 
watery. Finally, the head cannot be raised 
from the ground, coma develops, the 
respiration becomes more labored, and 
death results, usually widiin 2 days. 

Many modifications of sjmptoms may 
be noticed. Nervous disorden frequently 
are associated, particularly in cases that 
do not die early, wiili excitation, convul- 
sions, rolling, or circling movements. 
There also may be ataxia and blindness. 

In 1946, Jungherr and associates 
reported that in experimental work 
with the Dutch East Indies strain of virus, 
the first symptoms were usually observed 
within iS to SO hours after inoculation 
with 100 or more minimal letlial doses of 
virus. Death occurred within the next 24 



FIG. 27.2 -Fowl plogue. Chicken's head, swol- 
len obout e/es, wotlles, and ear lobes. 


hours. The first evidence of the disease 
was a decrease of sensitivity to sensory 
stimuli. There was a pronounced general 
malaise, congestion of comb and wattles, 
and closing of the eyes, with the head 
resting on the breast or on the floor of 
the cage. Lass a( appetite was evident, 
while the desire to drink remained, so that 
birds frequently would fall asleep while 
drinking and let the water run from the 
mouth. Whether birds recovered or 
whether deadi occurred later, small focal 
or confluent areas of necrosis often were 
found on the comb and wattles. Inappe- 
tence, marked dehydration, loss of flesh, 
and m some cases severe torticollis with 
starvation svere found. The corneas 
showed focal or diffuse opacities in rare 
cases. 

Pathology. The virus of hwl plague is 
present throughout the body and in the 
blood, the nervous system, all the tissues 
and tissue fluids, is secreted from tlie 
gUnds, and is found in the nasal and oral 
secretions, the intestinal and urinary ex 
cretions, and in the mucous and serous 
exudates. The virus, or materials contain- 
ing it, is highly infectious in very small 
amounts; and the blood is so ridt in virus 
that 0 . 000 , 000,1 cc. may be infectious for 
the chicken. The virus appears to be in 
close contact with the blood cells, while 
plasma or material free of cells is less in- 
fectious. It is killed easily; exposure to 
direct sunlight or to a temperature of 70° 
C. for a few minutes renders it inactive. 
Moses et al. (1947) report the virus is de- 
stroyed within one hour at pH of 4.0. Its 
activity k destroyed quickly by the com- 
mon antiseptics and disinfectants. Cold, 
however, promotes longevity of the virus, 
and it may be preserved for long periods 
under refrigeration. Desiccation or glyc- 
erination preserves the virus so that it re- 
tains its virulence for years. Blood from 
chickens suffering from the disease, pre- 
served in sealed test tubes, remains in 
fectious for a long time. Filtrates retain 
their virulence with less uniformity than 
unfiltered material. Purchase (1931) 
shot\cd drat the virus oE fowl plague re- 
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tamed its actisity in flesh for 237 day*, and 
m the bone marrou' for 303 days sshen 
kept at chilling temperature. He hclicscs 
ilic disease may be spread by feather*, since 
he found that the sirus survised on feath- 
ers for 18 days after being plucked from 
a chicken dead of foul plague. Burnet 
and Ferry (1931) ha\c reported the propa- 
gation of the virus by inoculation of die 
chorioallantoic mcmbr.incs of dcxclopiiig 
cimken embryos Jungherr el al. (1916) 
studied the inocuhiiion of the DutcJi East 
Indies strain into embryonating chicken 
eggs, Death uas caused, and. regardless of 
age or loute of inoculation, bright to dark 
red discoloration indicative of congestion 
of the embryonic tissues, especially the skin 
and less so of the musculature, occurred. 
Scattered punciiform hcniorriiages ucrc 
found in the skin and skeletal musculature 
uith renal congestion in 12-day-old or 
older embryos .Minintuin doses of virus 


m some eggs caused sloucr death of em- 
bryos, uhidi shoued tumefaction and 
sometimes pinhead-sired, gray focal areas 
m llte spleen and rarely in the Incr. Vari- 
ant viruses ucrc obtained from such 
spleens uluch, in further egg passages, pro- 
duced congestise and hemorrhagic lesions 
similar to the patent strain. 

Histopatliological studies ucre made on 
embryonating chicken eggs. Inocula- 
tion into the allantoic sac usually failed 
to shour any specific lesions. Inoculation 
of the virus onto the diorio-allantoic mem- 
brane svas follosvcd in about one-fourth 
of the eases by shallow hemorrhagic ulccis 
in the ectoderm, filled with disintcgraicd 
red cells and heterophils, and delimited by 
an intensely congested and fibrotic zone 
of the mesoderm. The lesions in the cm- 
bryo were multiple capillary hemorrhages 
particularly in the skeletal muscle* and in 
the spinal cord and brain as well as the 
myocardium and Uie gizzard wall. 

Hotz and Schafer (1955). using thin 
histologic sections of allantoic membranes 
from infected chicken embryos in the elec- 
tron microscope, demonstrated deviations 
from the normal picture beginning -f-S 
hours after infection. At the sixth hour 


particles resembling elementary bodies 
svcrc obsened at tlie cell surface, but not 
within the cell. 

.Shiinizti cl al. (1957) rcjwrt serial propa- 
gation .and cylopathogcnic clfccl of fowl 
plague sirtis is the same in cells of pig kid- 
ney as in tells of cliickcn embryos. 

Watcrsoii (1958), tc}>oits fowl plague 
virus in agar suspensions of chicken em- 
bryo tells form pla{|ucs in numbers directly 
piopoftional to the «iuaniity of the inooi- 
ium. The phupte count is not affected by 
alluw'ing time for adsorption of sirus 
before mixing with tlic jg.ir. 

rranklsn (1953), using fluorescent anti- 
boily icihiu(]ue, studied the growth of fohl 
pljpic virus in cultures of macrophages 
derived from chicken leukocytes and found 
a soluble aniigett multiplying in tlie 
nucleus, Tlicsc studies indicated that 
soluble antigen docs not multiply in celh 
undergoing niiiosis. Ilcmagglutinating 
aniigcjis were found only in the cytoplasm 
and were detected later titan the soluble 
antigen. 

The diangc* found at postmortem ex* 
aminaiion aic those of septicemia. The 
lesions cannot be dc]>cndcd u[>on entirely 
for diagnosis but are somewhat diaracten 
istic ami usually quite unifonn. Rigor 
mortis sets in early and is complete. There 
is cyanosis of the hc.id; die hcc, coiiib 
and wattles arc dark; and the conjunctiva 
is swollen, often ivctcdiiatcd. The nostrils 
and beak show accumulation of nnicus. 
frequently stained or streaked vvith blood. 
There may be edematous swellings of the 
head; and the fluid, dear and straw’' 
ojlorcd, may be most marked in the face, 
about the eyes, in the ear lobes, the wat- 
tles. or in the subcutaneous tissue of the 
neck and breast (Fig. 27.3). 

Rcmov.il of the skin shows engorgement 
of all blood vessels. The flesh is red. 
Hemorrhages are widespread and vary 
from the smallest possible petcdiiae to ec- 
chymoses. Those that are small and widely 
scattered may be overlooked easily but 
are conspicuous when grouped, as in the 
proventriculus or over the abdominal fat- 
They may be found in any tissue, but ar^ 
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fIG. 37.3 — Fowl plogue. Chiekon'i hood »how. 
ing twollen woltloi. 

trcqucJJlJy ji) iJjc hhucJcs of iJic breast- 
Vci 7 tiUtinct petechial hemorrhages, quite 
charactciisUc and appearing to have been 
sprayed on uith an atomircr, are found 
on tile inner surface of the sternum uhen 
the breast is removed. Hemorrhages usu- 
ally are found in the fat about the ab- 
dominal cavity, and petecliiac frequently 
are sprinkled over the fat tissue forming 
the boiiom of tin's cavity. Pciechiai bemor- 
rhages also arc particularly noticeable in 
the abdominal fat over the proventriculus. 
gizzard, and mesentery, and in the tlioracic 
fat over the heart. 

The most dvaracierisiic lesion is the 
hemorrhagic alteration in the provcniricu- 



lus, which can be seen after the whitish 
mucus 1 $ washed oil the mucous mem- 
brane. Such hemorrhages, usually ecchy- 
moses. may be observed belvvccn liie coni- 
cal elevations or scaeting glands of this 
portion of the stoinadi and are more 
noticeable when they occur as bright red 
blotches on the mucous membrane where 
it betomes smood) on entering the gi 2 zard 

(Fig. 27.t). 

Pcicditac or ccchy motes also are seen in 
the gizzard after ific rough membrane or 
cutide has been removed. The intestine 
frequently shows hemorrhagic diajiges, es- 
pecially in the duodenum. These hemor- 
rh.vgcs. pctcdiiac or ecchymoscs on die se- 
rous or mucous coat, are accompanied by 
catarriial enteritis. The liemorrhagic 
enteritis usually present in fowl cholera is 
not found in fowl plague and may be 
helpful in dilfercntiating these diseases. 

The liver, spleen, and lungs do nor 
sliow mud) diangc. Congestion may be 
found, and also hemorrhagic fluid in the 
peritoneum and pericardium. Exposure 
to the air results in clotting, and in some 
cases fibrinous exudate is already present. 
This is spoken of sometimes as the exu- 
dative form. The ovary, when functioning, 
shows highly engorged blood vessels, es- 
pecially in the large follicles. The oviduct 
often shows gray exudation, and the vvall 
is swollen. 

Microscopically, the chief changes are 
congestion and hemorrhages. Perivascular 
round-cell infiltrations have been noted. 
Some have described necrosis in brain tis- 
sue and the presence of bodies which 


FIG. 27.4 — Fowl plague. Hemorrhoges of 
prov9n:ricu}ij» fehiclcen). 
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strongly resemble intracellular inclusions. 

Beaudettc and associates, reporting the 
outbreak of fowl plague in Ncsv Jersey in 
1929, recorded the occurrence of vesicles on 
the comb and wattles of chickens arti- 
ficially infected. These vesicles were ob- 
served in cases that ran longer than the 
usual course and varied in sire from a 
pinhead to 4—5 mm. in diameter. The same 
investigators also reported the occurrence 
of edema of the feet and tibiometaiarsal 
joint, and spots of violet color on the 
scales of the shanks and feet, some as mere 
spots and others as blotches 4-5 cm. in 
length. 

Jungherr et al (1946) in experimental 
work with the Dutch East Indies strain 
reported a variety of postmortem changes. 
The acute cases showed congestive, hemor- 
rhagic, and transudative changes. Con- 
gestion was evident in the skin, the comb 
and wattles, musculature, oropharynx, 
larynx, trachea, and the abdominal vis- 
cera. Punctiform hemorrhages were most 
often found in the coronary fat beneath 
the epicardium, especially the left auricle 
and around the roots of die large vessels. 
Intestinal hemorrhages were discrete, 
scattered along the serosa in the walls o( 
the intestine and in the mucosa of the 
proventnculus, and in die region of the 
Peyer’s patches and the cecal tonsils. 
Transudative changes were less frequent 
and showed moderate to severe edema of 
the lungs with congestion or hemorrhage 
and consolidation. Pericardial fluid that 
jellied on exposure to the air was some- 
times found, and in a few cases subcu- 
taneous edema of the hocks, feet, breast, 
neck, and head svas present. Usually the 
spleen appeared small and anemic, often 
almost ivhite except for stellate areas of 
capillary injection near the mesenteric 
attachment. 

Jungherr et al. also studied the histo- 
pathological changes in over 100 experi- 
mental cases of different ages while ex- 
perimenting with the Dutch East Indies 
strain. They considered the basic lesion 
roundish, but not sharply delimited, fod 
of necrosis of various organs. The young 


foa were recognized by acidophilic stain- 
ing. The cellular architecture was at first 
undisturbed, but in svell-developed fod 
the tissue cells were swollen and vesicle- 
like, with the cell membrane prominent 
and the nucleus small and maiginated, 
leaving a large cytoplasmic space contain- 
ing eosinophilic granules or globules. The 
necrotic foci did not show pyknosis or 
karyorrhexis, did not become conllueni, 
but remained scattered. The foci were 
rarely numerous but were found in a 
variety of the organs sudx as the spleen, 
lung, thymus, liver, gallbladder, kidney, 
heart, pancreas, proventriculus, intestine, 
comb and w’attics, iris, and occasionally in 
the gonads. The spleen showed the highest 
incidence of necrotic foci, and it was esti- 
mated that more than tlirce-fourlhs of the 
cases showed spleen involvement, with the 
other organs in a falling order of fre- 
quency. 

The necrobiotic foci in various organs 
were often accompanied by hemorrhages, 
congestion, and edema. Hemorrhages 
were found in the submucosa of the 
secondary pulmonary bronchi, in the al- 
veolar tissue, in the proventricular mucosa, 
in the tliyroid, subeplcardium, m>oca^ 
diuin, and elsewhere. The lungs often 
showed edema and variable degrees of 
congestion with some proliferation, capil- 
lary congestion, and edema, and occasion- 
ally fibrinous thrombi were found in the 
region of necrotic foci. 

Diagnosis of fowl plague may be re- 
turned when an acute, plaguelike infec- 
tious disease resembling fowl cliolera |S 
encountered, accompanied by cyanosis 
and edema of the head and hemorrhages 
in the proventriculus, gizzard, and ab- 
dominal fat. In questionable cases, doubt 
is removed by negative bacteriological ex- 
aminations, negative results from inocu- 
lations into mammals, and fdtrates pr®" 
ducing typical symptoms with cliaractens- 
tic lesions in chickens. Differentiation 
from other acute infectious diseases, par- 
ticularly fowl cholera, is difficult. Both 
diseases present similar symptoms an 
lesions: rapid onset, cyanosis, prostration, 



diarrhea, high mortality, and espe^ly 
hemorrhagic alterations. The losses from 
fowl plague are regular and extensive, 
while from fowl cholera the mortality is 
likely to be irregular. In the record^ 
natural outbreaks of fowl plague m tlm 
country, where chickens are aswciated 
with waterfowl, such as ducks geese, 
the latter are not affected; while m fowl 
cholera, ducks and geese are highly si^ 
ceptible and show the disease in a miuketl 
and highly fatal form. European litera- 
ture indicates that young geese sometimes 
are affected. In numerous necropsies oi 
fowl cholera cases, areas of focal necrosu 
appealing as whitish-yellow points are o 
served scattered over the liver. Sue 
changes have not been found m fowl 
plague. The hemorrhages of fowl cholera 
more often are confined to the heart and 
intestine, while in fowl plague the hemor- 
rhagic lesions are more likely to be sc 
tered throughout the body. 

Placidi and Santucci (1956) report fowl 
plague virus agglutinating the erythrocytes 
of the chicken, camel, horse, donkey, and 
mule. 

Grauseruber (1958) reviewing the vari- 
ous serologic methods of diagnosis, * 
cates the agglutination test, using 
erythrocytes sensitized by suspensions o in 
fected organ material. He states t^ gives 
the most reliable results in dead birds. 

In cholera, culture examination is posi- 
tive; inoculation into rabbits, mice, an 
pigeons produces death, and filtrates o 
not cause the disease. Where there is re 
course to laboratory procedure in tow 
plague, culture examination and inocu- 
lations into rabbits, mice, and pigeons are 
negative, while filtrates will produce c 
disease in chickens. . 

Newcastle disease may be found m 
chicks, in growing chickens, and in ma 
ture fowl. The disease in chicks frequently 
begins with gasping, wheezing, or cougn- 
ing, and the same changes arc . 

in older birds. It spreads very rapidly^ 
may go through an entire group »n 
or 2 weeks. Later many different kin 
of nervous symptoms and paral)Sis may 
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be found. Shivering, incoordination, con- 
ralsions, and chronic spasms of the head 
or nect and body have been notei 
Twitching of the head or tad may he seen, 
with bir* waiting in circles “ 

backward. Alietnaling periods of etinu 
tion and depression may be found. Birds 
may stand motionless with the head drawn 
S and eyes fixed. The head rnay h 
drawn toward the ground. The presence 
of respiratory dilficulty followed by nerv- 
ous symptoms points to Newcastle disease 
Morality may be high in 
slight or none in mature birds. Layers 
sKow an abrupt drop in egg production 
MlowS by irregular shells, discolored 
Srand Lft shells. Varying leng^s of 
dme are required tor resumption of pro- 

*' DHtaential diagnosis. Doyle in England 
has described a ditease 


plague torn which it is difiicnlt to diSen 
Liiatc He discovered the malady near 

BA 

w“n as by filna.es of d.“' ^re 

hemorrhages t foti plague, 

nearly so marked as m lowi piagu'i- 
die neriod of incubation is longer 
week or more). Experimental 

disease contact infection appears easier 
Apoplectiform sepucem.a and sleeji g 

StsLterod“rr:rThcsedi^^» 

f"S":mrS7a«-and 

aminations disclose which arc 

hemorrhagic discotoauon 
rather widespread. Ttoe my 
congestion and hemorrhage. „ 

heriorthagic pericardius. Fe" 
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frequent and alw) catarrhal or hemorrhagic 
enicrith. 

Phosphorus poisoning produces hemor- 
rhagic lesions in the provcnlriculm and 
may be confused \silli fowl plague. Phos- 
phorus, highly poisonous to chichens, 
causes depression, sveahness, trembling, 
(liirst, and sometimes dianhea, and may 
result in sudden death. Postmortem ex- 
aminations may show hemorrhages in tire 
pros'cntriculus, usually ssith erosions, and 
extending more deeply into Utc tissue 
tlian in fowl plague. In phosphorus poi- 
soning there is usually severe enteritis, 
particularly in die upper jiortton of the 
intestine. If such poisoning is suspected, 
attention should be directed lo the de- 
tection of the phosphorus vapor that may 
be noticed as a transient cloud when the 
aop. provcntriculus, and giuard first are 
opened. The contents also have the dis- 
tinctive odor of phosphorus, and if such 
material is taken into a dark room or 
mixed vvidi dilute acid, the characteristic 
phosphorus luminosity is seem 

Botulism may be attended by sudden 
onset and cause high mortality. It may 
attack a Hock widi overnight suddenness, 
but the clinical picture is so sulking that 
it should not be confused wltli any other 
disease. Usually no lesions arc found in 
botulism. 

Edema of the wattles, usually an in- 
fection of one or both wattles, with list- 
lessness, inappetcnce, and marked depres- 
sion, may be confused with fowl plague. 
Some cases show a slight swelling, while in 
Olliers the wattles become enormous and 
occasionally rupture. The swelling first 
contains an edematous fluid whidi gradu- 
ally thickens and becomes caseaied. The 
mortality is not high unless the disease 
readies the sinuses or spreads systcroically. 
It is frequently due to the organism of 
fowl diolera. 

Prognosis. The course of fowl plague 
is quite rapid in diickens, whidt often live 
only a few hours. After artificial injection 
the fowls usually die in 36 to 72 hours. 
Death frequently takes place after a short 
struggle, and the victim often is found 
dead on its back. Occasionally recovery 


occurs, and sudi survivors arc solidly im- 
mune. 

Epiiooiiology. The virus is found in 
many European countries, and the disease 
occurs where conditions are favorable for 
iL Fowl plague may be spread rapidly un- 
der certain conditions and usually disap- 
pears after a lime, due in part to its high 
mortalit); thus llie disease is somewhat 
sclMimiling. 

The diseased bird is the most danger- 
ous factor in llie spread of the disease, so 
the introduction of one or more infected 
clitckens may cause an outbreak. Usually 
the newly purchased birds die fint, al- 
though this is not always the case, since 
carriers are known to exist. Losses begin 
within I or 2 days after the disease has 
been introduced. 

The virus is present in the eye, n«al 
secretions, in the niootli, feces, and urine- 
The feed, drinking water, and soil 
come contaminated, and the virus may M 
spread on tJic shoes of attendants. Live- 
stock dealers provide excellent op^r- 
tunlty for the spread of the disease as they 
travel from place to place. Chickens 
ingest the virus with conuminated fc« 
or water and wiilt substances picked up 
from the soil, while Uic virus also may 
enter through the respiratory tract. The 
virus is present in the blood, so many be 
lieve vectors play a part in Uie naturu 
spread of die disease. It is a commomy 
held opinion dial susceptible chickens m 
close association with infected cliickcns 
often do not contract the 
when injected frequently succumb. T 
lends support to the belief dial veci ^ 
are instrumental in transmitting 1°* 
plague. It is also the common cxpcrien 
dtat hcaldiy diickens placed in 
undisinfcctcd c.iges in which others ha' 
died of fowl plague frequently " 
contract the disease. Thu is attributed 
rapid destruction of the virus cx«pt “ 
der conditions favorable to its , 

Wild birds and sciniwild birds t 
commonly associate widi farmyard tow 
also may spread die disease. Thus, 
geons, sparrows, and similar 
some circumstances disseminate the 



ease. Fowl plague may also be spread by 
streams. In certain instances it has been 
noted that chickens on farms downstream 
from infected areas have contracted the 
disease, presumably from the water. 

Immunization. Fowl plague is highly 
fatal. The few birds that recover appear 
to be solidly immune. The scrum from 
recovered chickens shows serum neutraliz- 
ing and hemagglutinating inhibiting mU- 
bodics and will protect susceptible birds, 
but only for a short time, and is imprac- 
tical. Generoso and San Agustin (1947) 
report a vaccine of fairly good protective 
power against Philippine avian plague 
using oils and saponin solution as ve- 
hicles. Daubney et al. (1949) state no 
very great success has hitherto attended 
tlte efforts of workers to devise a sati^ 
factory technique for artificial immuni- 
zation.” Their experiments indicated that 
adjuvants and the use of killed acid-fast 
bacilli, together with formalized vaames, 
seemed to enhance immunization. These 
workers stated that a strain was found 
that when passed through pigeon embryos 
was apalhogenic for chickens, but 
solid immunity against virulent tow 
plague virus. 

Hallauer and Kronauer (I960) report 
variants of fowl plague virus isolat^ from 
human explanU (amnion, HeLa, KB cell 
strains) showed a high degree of attenu- 
ation, allowing inoculation by various 
routes of maximum doses without danger 
to the bird, and excellent immunizing 


Control and eradication. Outbreaks 
should be reported immediately to ivc 
stock saniury authorities. Poult^men 
should be warned against the addition ot 
fowls to flocks. If additions are necessary, 
the added fowls, regardless o* 
should be isolated until proved bc^thy. 
Sick fowls should be destroyed, carcluiiy 
examined, and carcasses burned or prop- 
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erly buried. Frequent, diligent cleaning of 
premises, coops, crates, and carriers, fol- 
lowed by thorough disinfection, is essen- 
ual. Fliickiger (1950), reporting for the 
International Commission for the Control 
of Fowl Plague, recommends that fowl 
plague be a reportable disease in all 
wuntries and that all birds on infected 
farms be destroyed. . „ . . 

Outbreaks of fowl plague m the United 
States have always been eradicated with 
meUiods designed to limit and destroy the 
disease. In many instances the disease was 
self-limiting, inasmuch as entire flocks 
succumbed, leaving no survivors. Since 
ihe disease spreads most easily and rapidly 
through the intermingling of fowl, ex- 
posure to infected premises, coops, crates, 
and other containers and carriers, biest 
procedure is the destruction of all birds 
in the infected flock and the disinfection 


of houses and equipment. 

It is fortunate that the outbreaks oi 
fowl plague in the United States have 
been recognized and measures for control 
instituted promptly. It is perhaps the most 
faul of fowl diseases, capable of causing 
such destruction to the poultry popula- 
tion as to be of economic importance in 
diminishing the food supply. The dan- 
gerous character of the disease has war- 
ranted the radical methods employed in 
each outbreak so that complete eradica- 
uon was effected within a few months. 
Ouaraniines were imposed, embargoes 
placed, and poultry shipping restricted. 
Slaughter, sanitation, and disinfection 
aided in the control program. 

Federal disease restrictions were applied 
to the poultry industry for the 
in the United States during the 
ootbtealt. Federal and >■»« 
supervised the cleaning and disintection 
of i718 plants, 8,140 cars, 352,525 coops, 
and 124,997 pieces of miscellaneous equip- 


ment. 


Beaudettc, F. R.; 
Assn. 67:186. 
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Infectious Synovitis 


Inieciious synovitis is recognized as a 
separate disease entity of chickens (Olson 
et al, 1954; Wills, 1954a) and of tur- 
keys (Snoeyenbos and Olesiuk, 195o). The 
disease is observed primarily in Rowing 
birds 4 to 12 weeks of age in the broilCT- 
growing areas of the United States. It has 
been reported from England 
1959), Canada (Bigland and Brown, 1955). 
Non^ay (Badstue, 1961). Germany ^urt- 
scher, 1961), France (Guillon et al, I9W). 
South Africa (Cole, 1964) and is protab y 
worldwide. The morbidity is variable 
with reports of 2 to 75 per cent. Mortality 
usually is low and ranges from less than 1 
to 10 per cent. Successive flocks on the 
same farm, following an outbrea k, genCT 
ally do not show the infection. The in- 
fection spread slowly. Kerr et oi. ( ; 

found birds from 2 to 20 weeks old 
equally susceptible. The disease has be^ 
seen in egg birds with increased frequency. 
On one occasion signs were not noted unul 
the birds were in production. 


Symptoms. The first observable signs in 
an affected flock are pale comb, lameness, 
and retarded growth. As the disease pr> 
eresscs. the feathers become ruffled and 
the comb shrinks. In some cases the comb 
is bluish-red. Swellings usually occur 
around the joints, and breast blisters are 
common. The hock joints and foot pads 
are principally involved, but m some birds 
all joints become affected. However, birds 
arc occasionally found with a genera ized 
infection but not having apparent swel mg 
of the joints. The birds become listless, 
dehydrated, and emaciated (Fig. .ia.l)- 
Although birds are severely affected, many 
ol them continue to eat and drink if 
near teed and water. A greenish discolor- 
Son ol the droppings, which contain 
large amounts of uric acid or urates, 

‘"S'lyi”.^^ In Hi' 

disease necropsy reveals a “'3 

to gray exudate involving the synovial 
SefbrLes of the joinh, keel bursae, and 
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FIG. 28.1 — Experimental 
birds with infectious syno- 
vitis. Contact control bird 
(standing) ond three typi- 
cally infected birds in the 
advonced stage of the dis- 



tcndo\aginal sheaths (Fig. 28.2). As the 
disease progresses, this exudate becomes 
caseous. Caseous exudate is occasionally 
found o\cr the skull, along the neck, and 
rarely extends into the muscles and air 
sacs. When birds become severely emaci- 
ated and dehydrated before caseous exu- 
date develops, there is occasionally no 
fluid about the joints. In chronic cases the 
surfaces of the affected joints are fre- 
quently yellow to orange. 

In the early stages of the disease, spleno- 
megaly generally occurs. The liver is fre- 
quently enlarged, occasionally mottled, 
greenish or dark red. The kidneys are 
usually swollen, mottled and/or pale. 



FIG. 28.2 - Th« foot of o 7-weck-old tvrkey 
(howing the purulent exudate In the fool pad 
22 days after experimentol Inoculation. SSmilor 
exudates ore seen In chickens. 


These changes occur in approximately 50 
per cent of the birds and become m(>re 
pronounced and frequent as the seventy 
of the disease increases. Even though some 
birds are severely affected, their mtemal 
organs appear normal. In experimental 
foot-pad-inoculated birds the infection 
frequently localizes in the inoculated foot, 
and no gross internal lesions are noted. 

The microscopic lesions (Sevoian ft aU 
1958) of the brain consist of vaseuw 
endothelial thickening and adveniitiai 
proliferation in the cerebrum, cerebellu^ 
optic lobe, degeneration of some of tw 
Purklnje cells, and occasionally cerebellar 
lesions similar to those of encephalon)^’ 
lacia. In the liver, perivascular, periporu - 
and interparenchymal cellular hyperplasia 
of the reticular cells of the reticulo-enao- 
thelial system occur. The sinusoids are 
dilated and the parenchymal cells art 
atrophied. There is proliferation of 
bile duct epithelium. The connectirt 
tissue framework of the heart, gizzard, an 
interlobular septa of the lungs * * 
similar reticular cell hyperplasia, 
casionally focal mononuclear infiltrauo 
and necrosis of the myocardiuni 
fibrinous inflammation of the 
are seen. A reticular cell or lyfnphof) 
hyperplasia, or both, decrease the sm 
oidal areas of the spleen. A granulocy 
hyperplasia of the bone marrow occu > 
and atrophy of the thymus and bunac o 
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Fabn'cius results from lymphoid de- 
generation in the medulla and cortex. 

The embryo response (Casorso and Jung- 
herr, 1959) to infectious synovitis is similar 
to that described in birds. 

Giemsa stains of smears made from 
creamy synovial fluid reveal many large 
macrophage cells, lymphocytes, plasma 
cells, and heterophils. In many cases the 
heterophils predominate. No bacteria are 
found. 

The changes in the blood components 
have been studied (Olson et al, 1956, 
1957c: Shelton et al., 1957; Sevoian et at., 
1957). Average determinations for 31 ex- 
perimentally inoculated birds were as fol- 
lows: erythrocytes, 1,680,000 per mm.^; 
leucocytes, 80,810 per mm.®; hemoglobin, 
6.5 gm. per 100 ml. of blood. Differential 
count gave the following percentages: 
lymphocytes, 41.9; heterophils, 31.9; mono- 
cytes. 19.3; eosinophils, 0.23; basophils, 
1.1: immature leucocytes, 6.1. The throm- 
boc)’le count fncreased and hematocrit de- 
aeased. The gamma globulin is increased 
(Shelton et al., 1957). The blood abnormal- 
ities increased as the severity of infectious 
synovitis increased, generally reaching a 
maximum shortly before death. The 
changes were most severe between the 6th 
and 26th day following fool-pad inocu- 
lation. In severely affected birds the 
erythrocytes showed anisocytosis, poilwilo- 
cyiosis, polychromatophilia, and achromia. 
Immature erythrocytes of varying degrees 
were present. When the birils showed signs 
of recovery, the blood changes showed evi- 
dence of returning to normal. Similar 
blood changes have been noted in experi- 
mentally infected turkeys. 

Host specificity. The disease has been 
reported from turke)s and diickem. Pheas- 
ants and geese (Sevoian et al., 1958) were 
experimentally infected by the intravenous 
route. Rabbits, rats, guinea p/gs, mice, 
pigs, and lambs arc not suscepiible to ex- 
perimental inocubnion. 

Etiolog)'. Infectious s)noviiis was 
thought to be caused by a large particle 
■sims or rickeitsia (Wills, 1951b; Lecce <t 
al, 1955; Gaver et al, 1956; Olst>n et uI., 
195C). Electron micrographs (Lccce et al.. 


1955) revealed coccobacillary elements, 
0.2 to 0.5/4 in siie, containing wbat ap- 
pealed to be a limiting membrane. 
Plcuropncumonialike organisms (PPLO) 
(Lecce, I960) were noticed growing as satel- 
lite colonies to micrococcus colonies on 
PPLO agar. This was confirmed by Chal- 
quest and Fabricant (1960) who sub- 
sequently grew the organism on PPLO 
broth (Difeo) that contained 0.1 per cent 
beta diphosphopyridine nucleotide (DPN), 
O.I per cent cysteine, 10 per cent heat inac- 
tivated swine serum, 0.05 per cent thallium 
acetate, and 1,000 units of penicillin per 
ml. A PPLO agar was used in a similar 
medium but without the cysteine, and incu- 
bation in a candle jar was required. Chal- 
quest (1962) reported that the infectious 
synovitis-derived (ISD) PPLO grew better 
in a medium containing O.OI per cent DPN, 
0.01 per cent cysteine HCl, 0.5 per cent 
soluble starch, and 0.05 per cent trypticase. 
The ISD-PPLO fermented dextrose and 
maltose, but not lactose, sucrose, or man- 
nite. Six isolates were not inhibited by 
hyperimmune rabbit serum prepared 
against Mycoplatma gallisepticum using 
Edward’s technique (1954) as revised by 
Fabricant (1960). The morphology of the 
ISD-PPLO in Cierosa-stained smears and 
the colonial characteristics were similar to 
JVI. gallisepticum. 

Seven broth passages and one agar pas- 
sage were made before inoculation of ISD- 
PPLO into poults, chickens, and embryos. 
A typical synovitis was produced in these 
birds and ISD-PPLO were reisolatcd from 
swollen yoinu (Chalqucst and Fabric.mt, 
|%0). Tliere is little doubt that the infec- 
tious synovitis described in this rc{>ort is 
rauscil by a PPLO v\’hich is serologically 
distinct from M. gallisepticum, the cause of 
CRD. Tltis vvas confirmed by Olson et al 
(1961b) and the name Mycoplasma synoviae 
profiosctl for the etiological agent of infec- 
tious synovitis. A large number of bacteria 
have been isolated from arthritic condi- 
tions in thickens and turkeys. Olson (1956) 
found that inoculation of the fowl jxrx 
virus into the fool pad of chickens caused 
the growth of the virus in the synovial 
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membranes with enlargement, but New- 
castle disease, infectious bronchitis, or 
laryngotracheitis did not Also, a synovitis 
has been produced experimentally by 
PPLO (Wassennan el al., 1953), M. 
gallisepltcum have been isolated from some 
field outbreaks (Olson el al., 1956), and 
from breast blisters (Doraerrauih, 1962). 

Passage of the agent in embryonating 
chicken eggs, using 0.25 ml. of a 1:10 di- 
lution of inoculum, results in mean day 
of death of the embryos as follows: yolk 
6.7 days, amniotic 8.6 days, chorio-allan- 
toic membrane 12 days, and allantoic 12.9 
days (Lecce et a!., 1955). The yolk sac 
route of inoculation is preferable for cul- 
tivation of the agent in embryonating 
eggs. Those embryos which die 4 to 10 
days post infection are edematous and 
hemorrhagic (Fig. 28.3). The hemorrhages 
of the skin are not obvious in those that 
die later. The liver, spleen, and kidneys 
are enlarged, and the liver is frequently 
mottled or contains neaotic foci. Pe- 
techiae on the chorio-allantoic membrane 


(CAM) frequently appear. Plaques were 
produced on the CAM by two of nine iso- 
lates and by the isolate described by 
Thayer et al. (1958). Recent studies (Olson 
et al., 1964) have established the presence 
of three separate entities in synovitishke 
conditions: (I) infectious synovitis caused 
by Mycoplasma synoviae, (2) Mycophismi 
gallisepticum, and (3) an unidentified 
arthritis-producing agent. 

Transmission. Low morbidity in many 
flocks suggests an agent that spreads 
slowly. This was confirmed in laboratory 
trials svhere the incubation period in con- 
tact controls was 24 to 80 days. Spread 
occurred more frequently to uninoculated 
birds when the principles are inoculated 
intrasinusly (Skamser and Seeger, I960). 
Birds are susceptible to the respiratory 
route of inoculation and following such 
inoculation birds develop agglutinins with- 
out showing signs of infectious synosiw 
This respiratory infection was not exalted 
to systemic disease by the exposure to in- 
fectious bronchitis (Olson et al., 1964a). In 


FIG. 2S.3-TWO 15-day- 
old embryos. The Infec- 
tious synovitis-inoculated 
embryo on the left is ede* 
motous and has numerous 
hemorrhages In the skin. 
The embryo ori right Is 
normal. 
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birds expcritncnially inlcclcd by »no^* 
lation. at 3 to 6 weeks al age. with joint 
exudate from infected birds or yolk from 
infected embryos, the order of susceptibil- 
ity and incubation period is as follows, 
foot pad. 2 to 10 da)$: intravenously. 7 to 
10: intracranially. 7 to 10: inwai^nione- 
allv. 7 to H; intrasinusly. 14 to -0. ron- 
iuictival instillation. 20. Birds .ye also 
susceptible to intramuscular and mua- 
trachcal inoculation. The ‘notation 
period varies with the amount and paiho- 
Knicity of the inoculum, ^voian el al- 
(1958) reported an incubation period as 
short as three days in intrascnously inyu- 
lated birds. The agent has been found in 
nearly all body tissues but not m bile or m- 
testinal contents (Cover and Benton. I95p. 

In intrascnously inoculated birds tlic 
blood was infective by Uie eighth hour but 
not by the fourth. In intramuscular inocu- 
lated birds the blood was infective by the 
forty-eighth hour but not by 
second hour. Tlie agent svas present in the 
blood until the fifteenth day. The 
duration of the viremia is not “ 

it was not present at 52 days after mocu- 
lation (Benton and Cover. 1939). 
in eggs prolongs the incubation 
reduces‘the pathogenicity of 
Direct contact is necessary tor infection, 
men a wire partition separates jyns 
chicks, spread does not occur. Ver^ 
transmission is suspected. Chic 
hens that survived a natural outbreak and 
chicks from hens that were experimentally 
inoculated were brooded unul 5 to 
weeks of age. One of the 543 f'* 

velooed synovitis at 3 weeks of age (> 
and'Dclaplane, 1955). The 
been seen in chicks 6 days old 
al., 1958), further indicating fertile ^ 
transmission. Isolation of the “5®” - 

reported from 2 dead emb^os one ol 
which was laid as early as 48 hoursjmd 
the other 11 to 29 days 
of the dams (Snoeyenbos and Basch, ) 
Camaghan (1961) found infeyion * i.£j* 

cent of the embryos and m o .. 

hatched from eggs produyd by ^ 

normal survivors of the disease. 


cxpecimenlally produced the “ 

adult birds. The agent vjas isolated troin 
embiyos dying during rncnbation and 
Iruni chicks hatched Iioni '8S> 
by survivors of the experinienlal disease. 

In view of these observations and the 
PPLO cuology of infectious synovitis 
diete is liltle doubt that egg transmuston 
is the most likely means of "j 
sy„ovM occurs in the 
bird, without producing dmical signs or 
gross lesions (Olson el of., 'S“a)- 

Diagnosis. The presence of pale comb, 
droopincss, emaciation, leg along 

S'breast blister and enlarged loot pad^. 

„ l>«k iointt r“‘"',h''s'rno. 

creamY or caseous exudate, 

megaly and enlarged liver or kidney , 

sufficient to make a 

A positive diagnosis may be made by i 
plasma taolved."TS“°^-» P>»» 

of reactivity of the serum (Olson el ot., 
1965) Bacteria as a cause of synovitis o 
irihritis must be eliminated by 
f I procedures. Embryonaling chicken 

X or'^Si". or boU. should be ino»^ 

iSd as a further clteek since primary is* 
lalS. of mycoplasma is frequently d.ffi. 


“tomuniiy. Cassidy and Grumbles (1959) 
Tini able to demonstrate immunity to 
K howiS Wichmann el of. (I960) found 

SISrHill 

S"“ Lbbit serum P™P”f^X«i 
PPLO inhibiu their growth (Chalq“«t 
Halfhill. 1962). The immunity to IS neetis 

pad challenge. (Olson el al., 1964a). 
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Shelioii (1958b) found 200 grami per ion 
o£ leed oi CTC eHenive in preientmg 
signs and recurrence o! the disease u 
at time of inoculation of day-old chicks, ii 
the disease was allowed to progress lor » 
days and CTC fed for 3 weeks. 200 ^ms 
per ton of feed prevented signs of IS as 
long as it was given but even lOOO grams 
per ton did not prevent signs from develop- 
ing after withdrawal of medication. 

An agent recovered from die joinu ol 
diickcns was not susceptible to aniibioti« 
in o^a (Cover et al, 1950) and m vivo 
(Olson et al. 1957b). Also Snoeycnbos cl 
al (1958) reported strain didctences m 
their susceptibility to .coj. 

The reported efficacy of NF-ISO 
grove, 1937) has not been confirmed by 
other published work. 

Dihydrostreptomycin injections mg. 

per lb. body weight) sadsfacionly con- 
trolled infcciious synovitis if 
lime of experimental inoculation (» 
cf al. 195C). If given -1 or more *1^)* ^ 
inoculation, only slight benefit was noi^- 
Inacasing the dose to 200 mg. per^ • 
body vseiglit increased its 
slightly (Shelton and Olson. 

Snoeyenbos et al, 1958). . 

Infectious synovitis in turkeys 
ease in turkeys has not been ‘f ** 

same extent as it has m 
staphylococcus arthritis is more 
enjountered in turkeys dian » mfecuous 


svnovitis. However Chalquest and Fabri- 
cant (I960) isolated PPLO and a stap y 
coccus from the same turkey. 

Infocliou! synovitis generaily causes the 
same signs and lesions 
cbictens (Snoeyenbos and Olesiuk, 1955). 
siwever in turkeys the disease appears 
“ be less acme, and the marked enlarge 
mens ol the joinis is not “ 
lecled nocks (Snoeyenbos, 1956) usually 
Lflow morbidity (1 to 20 
mortality resulting Itom cannibalism n 
significant. Lameness is the most P[®^‘ 
„™i sympiom. Warm ‘‘““■'“‘"'S 
„t one or mote joints ot lame buds are 
usuallv found. Occasionally there is an 
enlargement o£ tlie sternal bursa. 8''^ 
aliJSd birds lose v.cight, but many bir^ 
less severely affected make satislactory 
weight gains when separated ‘'“C" 
flock. In experimentally infected > 

iSmn cl al., 1956), the lilsl noticeable 
dmi is failure o£ the bird to grow (Fig. 
2f4). Noliceable swellings in joints are 

Srpu nlent eUafe is P-csem. The »Sen 
il ‘recovered from this exudate ^ ter in 
jcciion into /^^'icken^pro- 

h“tra“nri“ir"i.i.. 

.Sier ^otk is needed to dc.ermi.ie the 

inddence ot the is at- 

Treatment in turkeys, l roiccuo 
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forded by CTC at 200 gm. per ton of feed 
during prophylactic medication of tur- 
keys. Partial protection is produced by 
levels as low as 50 gm. per ton. The com- 
parative efficacy in turkeys of the tetra- 


cycline antibiotics has not been deter- 
mined. Treatment of affected birds with 
sueptomycin or CTC has given discour- 
aging results. Prophylactic medication of 
turkeys has not been economically feasible. 
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Rabies, Infectious Equine Anemia 
and Foot-and-Mouth Disease in Fowl 


Rabies in Fowl 

Rabies is an acute infectious disease caused 
by a filterable virus and characterized by 
symptoms of a central nervous disturbance, 
progressive paralysis, and followed by 
death in most animals Gibier (1854), one 
of the first to carry on experimental studies 
on rabies infection in fowl, was successful 
in transmitting the disease to chickens 
and reinfecting mammals with sdrus re- 
covered from diseased birds. Spontaneous 
recovery in experimenully infected birds 
tvas recorded. 

Kraus and Clairmont (1900) studied 
the susceptibility of various species of 
birds to rabies, variations in the coune 
of the disease, and the clinical symptoms 
observed. The raven, falcon, and old pi- 
geons were refractory to rabies infection. 
Old pigeons could be infected after a 
period of starvation. Young pigeons were 
susceptible to rabies. Considerable vari- 
ation in the incubation period — from 2 


weeks in owls and geese to 40 days or more 
in chickens -'Was recorded. Gradual re- 
covery in some birds was reported. Vac- 
cines made from avian tissues were in- 
effective for immunization. Rabies was 
transmitted from birds to rabbits, and the 
incubation period was found to be pro- 
gressisely extended until the virus was 
rendered inactive. Incoordination and 
paresis, followed by paralysis and death, 
were the clinical manilestations observed. 
Lesions in the brain and spinal cord were 
similar to those found in man and ani- 
mals. 

V. Lote (1904) found that some birds of 
prey were susceptible to rabies. He in- 
fected a mouse hawk (Buteo uitfgaris) 
subdurally with virus secured from the 
brain of a rabbit. Symptoms of a central 
nervous disturbance and loss of appetite 
were recorded 11 days following inocu- 
lation. Convulsions of short duration were 
also observed. The bird could no longer 
stand, and it lay on its tight side pros- 
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uated 3 days after the first appearance of 
clinical manifestations. The bird was dead 
the following day. V. Lote tran^iU^ 
rabies to two eagle owls which died 2^ 
and 9 months, respectively, after inoai- 
lalion without developing any apprecir 
able clinical symptoms. He transmitted 
rabies to guinea pigs with brain Ussue 
from these birds. Chickens and pigeons 
were considered to be more resistant to 
artificial infection than birds o 
Only one of three cocks expenmenully 
infected with rabies virus contracted the 
disease. The course of the disease was un- 
usual. The first symptoms developed attw 
a 43-day incubation period and mcluded 
evidence of incoordination and refus^oi 
food. Definite improvement was no^ a 
dayi after the first appearance of clini.^ 
symptoms. The subject appeared to M 
LLl for 14 days but then developed 
severe paralytic symptoms. One vfeeK later 
the bird had made a complete recovery. 
This disease ran a similar course in an 
etiperimemally infected hen which re- 
covered completely. . . 

Marie (1904) reported a great 
in the incubation period 
rabies in birds. He attempted to tm?'"' 
the neutraliting power of the sera " 
ture pigeons immune to rabies by hyper 
immuniialion; this was 
Rabies "street" virus, passed through 
repeatedly, gradually decreased 
knee to an inactivated state m wh.ch tt 
was no longer capable of P"’'*""”® , J 
reaction in mammals. Acuve . 

seven or more serial passages through 
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birds, was so altered that suitable quanti- 
tics of brain emulsion from these infected 
birds, injected intraperitoneally or sub- 
cutaneously. protected mammals against 
intraocular inoculation of “street virus. 

Remlinger and Bailly (1936) transmit- 
ted rabies to the stork (Ctcoma ciconm) 
bv intracerebral inoculation of street 
virus. The symptoms manifested were ex- 
flusivelv of the paralytic type, ine ex- 
perimental transmission of ^^^les to the 
pheasant (Diardtgallus dtardt B.P.) 

reported by Jacotot (1938). 

The occurrence of rabies m the i 

under natural conditions was considered 

InBicted on the comb by a rabid dog. 
Manifestations of Ih' "ong 

paralytic form may develop _aher ^a kng 
or short incubation period. The teased 
wirA raav attack its mates or other am 
mals in the furious form of the disease and 
^ be considered a potential source of 
danger in transmitting the dtsease to ani- 

”*Veirb“'= P'°°‘ °f ‘‘J' Wan 

rence^of sponuneous rabies in t«»' 
he found in published reports. E-'pe" 

rabies for a period of 3 days. 
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Infectious Equine 

Infectious equine anemia, or swamp 
fever, is caused by a filterable virus. The 
transmissibility of this disease to birds is 
a controversial question, and the evidence 
in support of this assumption is not ade- 
quate and lacks confirmation. Reports 
found in the literature are of interest and 
should be revietved. Oppermann and 
Lauterbach (1928) claimed tliat chickens 
may be infected with the virus of infec- 
tious anemia of horses. The histopatho- 
logic changes in the liver of birds were 
considered to be similar to those found in 
diseased horses. Round cell infiltration 
and hemosiderin deposits in the Uxer were 
thought to be significant. They further 
claimed that the disease could be diag- 
nosed in horses on farms where significant 
liver changes associated with infectious 
equine anemia were found in chickens. 
Chickens were reported to have been in- 
fected willt manure of horses suffering 
from infectious anemia, producing typical 
liver clianges. No specific clinical symp- 
toms could be produced in birds, but 
Oppermann and Lauterbach concluded 
that the disease assumed a very mild form 
and resulted in a significant reduction in 
the number of red blood cells. They 
thought it probable that the hemosiderin 
deposition in the liver resulted from the 
destruction of the erythrocytes. Certain 
death losses in chickens ivere attributed 
to this type of infection. The liver clianges 
in the cliicken which Oppermann and 
Lauterbach considered characteristic of 


Anemia in Fowl 

infectious equine anemia were found most 
consistently in chickens killed 5 to 7 days 
after infection. They also believed that 
since man is also susceptible to this virus 
infection, spontaneous infections of birds 
are factors in the control of the disease. 

Daloiet (1937) could not transmit in- 
fectious equine anemia to chickens nor 
was he able to recover the virus from 
inoculated birds. He reported birds to be 
completely refractory to the disease. 
Gochenour et al. (1938) concluded, after 
years of experimental investigations, that 
this disease was confined largely to horses, 
mules, and asses. A few cases had been 
reported in man. Stein (1910) found no 
alterations in the appearance, condition, 
or development of chicken embryos fol- 
lowing inoculation of the chorio-allantoic 
sac of 5- to 12-day-old embryos. Further- 
more, there was no evidence of unfavor- 
able reactions on the development of any 
of the embryos, following the intravenous 
inoculation of virulent blood taken from 
horses during a febrile attack, when 11- 
day-old chicken embryos were used. 

No conclusive evidence has been found, 
in spite of the extensive investigations 
conducted in recent years, to indicate that 
this disease may be transmitted to birds. 
The failure to transmit Uie disease from 
inoculated birds to the horse, mule, or 
ass and tlie inability to produce clinical 
manifestations in inoculated birds seem 
to indicate iliat birds are completely re- 
fractory to the disease. 


Balozet. L.: IO 37 . Etudes 1 
Tiim* 2fi 27. 
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Foot-and-Mouth 

The early literature includes referenexs 
to observations made by Wildner, Spinola, 

• This subject was oripnally written by Peter K. 
Olitsky and prepared for a previous ediiioa br 
OImky and SJioeiiiiig. ^ 


Disease in Fowl* 

and Becker on the clinical occurrence of 
foot-and-mouth disease in fowl. References 
to these reports can be found in Hiityxa 
and Marek (1905), Ehrhardt (I9H), 
and van Heelsbergen (1929). The con- 
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ditions described indicated both local and 
general reactions. Small vesicular lesions 
on the comb, the conjunctiva, in the re- 
gion of the nostrils, wattles, mouth, 
throat, and toes were observed. Eroded 
areas, which developed several days after 
the rupturing of the vesicles, healed over 
in a week or two. Following significant 
temperature reactions, a weakness and de- 
pression occurred due in part to the in- 
ability of the birds to eat because of the 
developing lesions in the mouth and 
throat. The course of the disease was 1 
or 2 weeks, followed by complete recovery. 
Uncomplicated cases were not considered 
fatal. The early clinical diagnoses which 
were not confirmed by experimental in- 
vestigations cannot be considered as defi- 
nite proof that these conditions were foot- 
and-mouth disease. According to van 
Heelsbergen (1929). the lesions d«cnbed 
by the early investigators resembled those 
of fowl pox. He also referred to a vesicu- 
lar "eczema" on the comb and wattles of 
chickens similar in appearance to the 
lesions of fowl pox. Furthermore. th«e 
conditions were reported in areas which 
were definitely free from foot-and-mouth 
disease, The relationship between these 
various vesicular manifestations in fowl 
and foot-and-mouth disease still ^ 
determined, according to Reis and No- 
brega (1930). . 

The transmission of foot-and-mouth 
disease to fowl by experimental feeding or 
inoculation was unsuccessful as reported 
by van Heelsbergen (1929), Tliree o 
twelve fowl fed large amounts of guinea 
pig virus passed active virus in Uicir feces 
between 10 and 24 hours but not laier 
than 2G liours, as detected by 
mental calf inoculation tests reported by 
Minett (1927). Further reports indicate 
die inability to transmit the disease to 
sea gulls, ducks, sparrows, and martins. 
Galloway (1937) reported that 
out of sixteen adult wild ducks inocula 
intradcnnally into Uie pads at the base 
of the feet and digits showed vesicles on 
the upper surfaces of the web 2 or 5 y* 
after inoculation. The disease was OTtw- 
miited Uirough eight consecutive ducK 


passages by the inoculation of virus se- 
ared from the vesicles on the feet. 

There has been considerable speculation 
for a number of years on the possible 
spread of foot-and-mouth disease by birds. 
Extensive researcli by British scientists in- 
dicates that some degree of susceptibility 
of birds to infection may exist, but there 
is little evidence to support such a hy- 
pothesis. There is a remote possibility that 
sea gulb and other fowl which feed on 
farm land at times and travel great dis- 
tances might act as mechanical carriers of 
the virus of foot-and-mouth disease. The 
experiences and observations of various 
authorities in this country have never in- 
dicated that fowl ever become reservoirs 
or vectors of die foot-and-mouth virus. 
Man has been considered as one of the 
more important factors in the mechanical 
spread of this virus disease^ 
authorities as Kling and Hojer 1926). 
Waldmann and Hirschfelder (1938), and 
Kling €t rti- (1939). .u j;.. 

The propagation of foot-and-mouth dis- 
ease virus in the chorio-allantoic mem- 
brane of the embryonated eggs of the hen 
and duck were unsuccessful as reported 
bv Calloway in 1937. Only occasional pas- 
sage of the virus from one embryonated 
duck egg to another was experienced, but 
further passages were unsuccessful. This 
could possibly have been due “ virus 
dilution, as no evidence of the multipli- 
cation of the virus could be detected. 
Twenty serial passages of virus in chicken 
embryos was reported by 
but Richter (1939) was unable to con- 
firm diis work. Traub and Schneider 
(1948) were able to 

foot-and-mouth disease virus of gallic 
O tspe in chicken embryos. Hecke (1932) 

Ioo,-.nd.mouU. ’''™; 

i„ ‘.is.u= cukurc, “"■“■""’SX 'v/™ 
tioucs of embryo guinea pigs. Tins viroi 
^ be grown in .isme euUnre. con.anw 
ing*^ embryonic lissucs Irom species »h 
are susceptible to the disease. 

Skinner (1954) infected baby clucks a 
few hours old with Vall6c O type of foot- 
and-mouih disease virus of 
after the 85di mouse passage. The virus 
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from infected chicks was obtained from 
the muscles and hearts 4 days after inocu- 
lation and injected into mice 1 week of 
age. During 12 alternate passages of the 
virus in chicks and mice, virus from the 
blood of chicks was recovered over a pe- 
riod of 3 to 5 days after inoculation. Other 
chicken tissues were tested for virus after 
macroscopic tongue lesions were observed 
subsequent to the 8th alternate passage. 
Virus was found in tongue tissue. Later, 
using the original cattle strain for intra- 
muscular inoculation into newly hatched 
chicks, well developed tongue lesions were 
observed 1 or 2 days later. The lesions 
often involved the dorsal epithelial sur- 
face and were similar to characteristic 
lesions usually observed in other suscep- 
tible species. Histological examinations 
confirmed the clinical observations. Local 
lesions developed following direct inocu- 
lation of preparations made from tongue 
epithelium into older birds. Six serial pas- 
sages of a cattle strain were made follow- 
ing direct inoculation of preparations in 
birds 2 to 4 months old. 

Intramuscular inoculation of large doses 
of Valine O type virus of cattle origin and 
three stock guinea pig strains O, A, and 
C types, in newly hatched chicks, subse- 
quently produced tongue lesions. The 
guinea pig strains were successfully pas- 
saged four to six times by intradermal 
inoculation of the longue of older birds. 
Two of these strains produced small areas 
of separation of the lower epithelial 
structures on the under surface of the feet 
of newly Jiatcbed chicks when inoculated 
intramuscularly or by direct inoculation 
in the region of the central foot pad. The 
development of light local lesions was 
followed by definite secondary lesions on 
the tongue. There was no severe systemic 
reaction during the course of infection in 
the experimental chickens of all ages. Epi- 
thelial lesions completely exfoliated in 1 
or 2 days, and no scars or blemishes were 
left on the tongue. 

Virus from selected material was suc- 
cessfully transmitted to 14-day-old chicken 
embryos. The myocardium seemed to be 


the main area of virus multiplication in 
this type of embryo. The highest concen- 
tration of virus was secured after 5 or 6 
days' incubation at 35° C. The suscepti- 
bility of tire embryos to infection was re- 
duced considerably by incubation at 
higher temperatures. Infection was usually 
followed by the deatli of the inoculated 
embryo in 3 to G days using inoculum 
conditioned by eight serial passages or 
more. Distinct cardiac lesions could be 
found upon examination. 

Failure of the earlier workers to propa- 
gate foot-and-mouth disease virus in 
chicken crafaryo* using the chorio-allantoic 
method of inoculation has been generally 
accepted. Success has been reported only 
in a few instances. The more recent tech- 
nique, using the intravenous method of 
inoculation and the subsequent incubation 
at 35° C for at least 3 hours, may be the 
vital factors concerned in successful propa- 
gation of fooi-and-moutli disease virus in 
the e/nbryonated chicken egg. 

The following diagnostic procedure, as 
formulated by Olitsky and Sclioening In 
a previous edition of Diseases of Poul- 
try, is still valid. "The diagnosis of a virus 
recovered from fowl, such as that of foot- 
and-mouth disease, is made by the cu- 
taneous injection of vesicular fluid in the 
scarified foot pads of healthy, adult guinea 
pigs or on tongues of normal, previously 
unexposed cattle. Twelve hours to 5 days 
later characteristic vesicles appear which 
are transmissible in series to normal 
guinea pigs. There are at present three 
distinct types of virus; according to Get- 
man (Waldmann) classification they are 
A. B, and C; according to the French 
(Vall6e) terminology, the A is called O 
and the li is called A, the type C being 
designated in the same way as in the Ger- 
man classification. A number of immuno- 
logic variants have been identified in both 
type O and A viruses. The type of virus 
as well as the character of variants is de- 
termined by cross-immunity tests in guinea 
pigs or cattle, as well as by complement- 
fixation and neutralization tests. Type 
specific antisera for these tests are ordi- 
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narily derived from hyperimmunized 
guinea pigs/’^ 

’ It should be stressed at this point that the im- 
portarion of foot-and-raouih disease virus into the 
United States is prohibited by national statute 
(Public Law 496, 80th Congress, approved April 
24, 1948). e. fr f 


The only research program on foot-and- 
mouth disease in this country is being car- 
ried on by the federal government under 
strict supervision at Plum Island. 
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Duck Virus Hepatitis 


A new and highly iatai disease oC young 
White Pekin ducklings broke out during 
the spring of 1919 in the duck-raising 
section of Long Island, New York (Levine 
and Fabricant, 1950). The disease spread 
rapidly, and before the summer was over 
practically all of the seventy-odd duck 
farms in the area had suffered losses. At 
Arse, ducks 2 to 3 weeks of age were af- 
fected. Gradually the disease attacked 
younger birds until ducklings less than a 
week old were succumbing. On severely 
aJI/yjal fsirms., 'nnrJaJitirji. tu} 
cent were not uncommon in some broods. 
Successive lots of ducks almost invariably 
became infected. Later, occasional broods 
would escape with little mortality. It was 
estimated that 15 per cent of the total 
number of ducklings started for that year 
died from the disease, a total of 750.000 
birds. In the United States the disease has 
been diagnosed in Massachusetts, Illinois 
(Hanson and Alberts, 1956), and Michi- 
gan. It has also been reported from Canada 


(Maqriterson and Avery, 1957), England 
(Asplin and McLauclilan, 1954; AspliHi 

1956) , Germany and Egypt (Shehata and 
Rcuss, 1957), the Netherlands (Smiis, 

1957) , Belgium (Schyns, 1957). Italy (Rossi 
and Pina, 1957; Agrimi, 1958), Russia (Pro- 
kofiva and Doroshko, I960), and Hungary 
(Derrsy cited by Reuss 1959a). 

Signs. The onset and spread of the 
disease was very rapid, with practically all 
the mortality occurring wiiliin 3 or 4 days. 
AQected ducklings at first failed to keep 
•uji 'wib. r. dinrt lime 

tlie birds stopped moving, and squatted 
down with eyes partially closed. The duck- 
lings fell on their sides, kicked spasmodi- 
cally with both legs, and died with heads 
drawn back (Fig. 30.1). Death occurred 
within an hour or so after signs were 
noted. During the height of severe out- 
breaks, tlie rapidity witli which ducklings 
died was astonishing. 

Gross lesions. The principal damage 
was found in the liver. It was enlarged and 

si 





FIG. 30.1 » Ducklings deod from infocllod with virus ll•pot^tlt. No» typicot opUthofonui. 


FIG. 30.2 — Livers with hemorrhaple lesions coused by duck virus hepolitis infection. 
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contained punctate or ecchymotic hemor- 
rhages (Fig. 30.2). Frequent reddish dis- 
coloration or mottling ol the liver sur- 
face was seen. The spleen was sometimes 
enlarged and mottled. In numerous cases 
the kidneys were swollen and the renal 
blood vessels injected. These lesions were 
reproduced in young ducks by inoculation 
and feeding of egg-propagated virus. 

The older ducks examined at the first 
appearance of the disease had a marked 
pericarditis and air sac infection charac- 
terized by a whitish-ycllosv, fibrinous de- 
posit. It is now beliesed that these lesions 
probably were produced by anotiter con- 
dition and were not related to the virus 
hepatitis infection even though that virus 
could be isolated. As tire younger duck- 
lings became affected, the typical liver 
lesions made their appearance. 

The microscopic Ganges in uncompli- 
cated, experimentally induced infections 
have been studied (Fabricant ct of., 1957). 
The primary changes consisted of necrosis 
of the hepatic cells and proliferation of the 
bile duct epithelium. Varying degrees of 
inflammatory cell response and hemor- 
rhage occurred. Regeneration of the liver 
parenchyma was observed in ducklings that 
did not die. 

Host specificity. In the field, the disease 
only occurred in young ducklings. Adult 
breeders on infected premises did not be- 
come infected. These birds continued in 
full production, and their eggs were 
highly fertile with excellent hatchability. 
One attempt to infect breeders with egg- 
propagated virus failed. No experiments 
were made to attempt transmission of this 
disease to other species of birds. Field 
observations indicated that chickens were 
not susceptible, since broiler chicks being 
brooded in the same pens where ducklings 
were dying failed to become infected. On 
one farm, turkeys being reared on a slatted 
platform attached to the side of a duck 
brooder house where the disease was 
present were not affected. 

Schoop ef ai, (1959) and Reuss (1959a) 
failed to infect chickens experimentally. 
The latter worker could not transmit the 


disease to rabbits, guinea pigs, white mice, 
or dogs. 

Etiology. No bacterial agent could be 
isolated from the sick ducklings. Infected 
material treated with penicillin and strep- 
tomycin and inoculated into the allantoic 
sac of 9 day-old chicken embiyos yielded a 
virus. On subsequent study the virus 
proved to be one that hitherto had been 
undcscribed. Practically all tissues, includ- 
ing ilie blood, yielded this infective agent. 
Embryos that either died on the fifth or 
sixth day or were destroyed on the sixth 
day svere stunted and edematous (Fig. 
30.3). The edema was noted especially 
around the thigh and abdomen. The 
amnionic sac contained an excess of fluid. 
Tlic yolk sac was reduced in size and the 
contents were more viscous tlian usual. A 
greenish discoloration of the embryonic 
fluid and yolk sac was often found and 
could be delected on candling of the eggs. 
The livers of the embryos often were 
greenish in color and frequently had 
whitish-yellow, necrotic foci, varying from 
pinhead in sire to larger areas involving 
considerable portions of the parendtyma. 
Allantoic fluids from these embryos and 
from infected duck tissues contained the 
virus and killed from 10 lo 60 per cent of 
the embryos by the sixth day. 

The virus could be passed Uirough both 
the Seitz and Berkefeld W filters, as evi- 
denced by the production of typical 
embryo lesions with filtrates. The hepatitis 
virus did not agglutinate chicken red cells 
nor was it neutralized by Newcastle dis- 
ease antiserum. Through tire courtesy of 
Dr. Osteen of the United States Bureau 
of Animal Industry, antiserum from the 
dude plague infection in Holland (Jansen 
and Kunst, 1949) was obtained. Neutral- 
ization of the hepatitis virus with duck 
plague antiserum did not occur (Fabri- 
cant, 1950). Virus neutralization tests with 
osnvalescent sera from human and canine 
virus hepatitis failed to demonstrate any 
serological relationship of these diseases 
to duck virus hepatitis (Fabricant el 
1957). 

Reuss (1959a) determined by electron 
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microscopy that the virus was a rounded or 
spherical particle that measured 20-^ tn/i- 
He was unable to find elementary bodies 
in tissues nor could he agglutinate chicken 
red cells with the virus. 

The virus survived 8 months at — 

(Schyns 1957) and a month at —20® C. but 
was dead in 0 days at refrigerator tempera- 
ture and in 4 days at room temperature 
(Reuss 1959a). . . 

It is interesting to note that early in tn 
investigation Newcastle disease virus was 
isolated twice from ducks on a farm where 
losses were occurring. Efforts to inoimi 
nate Newcastle disease with the osses 
failed. 

Transmission. Although the high mor- 
tality and rapid spread of the disease on 
farms indicated extreme cont3giousne«, 
occasional exceptions were obseived- in 
one pen 65 per cent of the ducks died, 
while in an adjoining pen separated only 


by a 14-inch curb, the mortality was negli- 

^^The first efforts to transmit the disease 
to small groups of three or four aged 
ducklings by injection and feeding of egg- 
propagated virus were not successful. In 
another experiment, with tissues from a 
natural outbreak, some of the ducklings 
became infected. Transmission was most 
easily accomplished by intramuscular in- 
iection and by feeding egg-propagated 
iirus and infected organs to larger groups 
of ducklings (ten to twenty) kept 
under a hover. The incubation period was 
24 hours in most experiments, and prac- 
licaUy all of the deaths took place by the 

fourth day. Uninoculated ducklings p aced 

in the same pens with the inoculated birds 
contracted the disease and died somewhat 
later than the injected ducks. 

Egg transmission presumably does 

ta^place. Newly hatched ducklings pr 
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duced by breeders on infected premises re- 
mained well when taken to premises where 
no ducks were being kept. Asplin (195^ 
confirmed this finding. 

Diagnosis. The sudden onset, rapid 
spread, and acute course of this disease is 
diaracteristic. Lesions in the liters of 
young ducklings up to 3 weeks of age are 
practically pathognomonic. Absence of 
bacteria and isolation of tlte virus in 
chicken embryos, with production of the 
characteristic lesions previously described, 
serve further to identify the causative 
agent. The specific neutralization of the 
virus by immune duck virus-hepatitis 
serum is a positive means of identification. 

The use of the agar gel diffusion precipi- 
tin technique for the identification of the 
virus was described by Murty and Hanson 
(1961). There is the possibility of adapting 
this test for diagnostic purposes. 

Prevention and cootrol. The epizooii- 
ology of duck virus hepatitis has not been 
completely worked out. Although numer- 
ous possibilities for spread of the disease 
by visitors, garbage and dead-bird collec- 
tors, etc. existed, outbreaks occurred on 
farms under excellent management and 
good sanitation. 

Unsuccessful attempts were made to im- 
munize ducklings with killed (formali- 
nized) and live virus vaccines made from 
chicken embryo fluids. It was not until 
prophylaxis with duck virus-hepatitis anti- 
serum was attempted in controlled experi- 
ments tliat protection from the experi- 
mentally transmitted disease was obtainecL 
The subsequent application of serum 
therapy in the field has proven to be 
highly successful. Blood from exposed and 
recovered ducks is collected at the slaugh- 
ter house and processed. An antiserum 
bank sufficient to treat four million duck- 
lings is kept on hand at the Duck Disease 
Laboratory at Eastport, Long Island, under 
the direction of Dr. William D. Urban 
(Dougherty, 1953). One-half mL duck 
virus-hepatitis antiserum (0.5 per cent 
phenol added) is injected intramuscularly 
into all ducklings of a brood when the fi..,t 


few deaths from the disease occur. The 
mortality is negligible in the treated duck- 
lings. If, however, a portion of the brood 
is not treated, the usual heavy mortality 
occurs. No relapse in treated broods oc- 
curred during the summer of 1950. In 
the past few years, relapses in serum 
treat^ broods have necessitated repeated 
serum injections before losses could be 
stopped. 

Another possible approach to the con- 
trol problem was described by Asplin 
(1956), who immunized breeder ducks 
with hepatitis virus. The parental im- 
munity tlte dams conferred on their 
progeny successfully protected the duck- 
lings on challenge with virulent virus. 
Ducklings produced by nonimmune dams 
succumbed to challenge. On the other 
hand. Reuss (1959b) found that ducklings 
with parental immunity resisted challenge 
with virulent virus successfully only when 
their dams had received previously 6 live 
virus injections. Ducklings from dams in- 
jected 3 times were susceptible. Recentlyi 
Hwang et al (1962) have applied the dam 
immunization procedure for the control of 
virus hepatitis in ducklings with good suc- 
cess. 

Reduction of the pathogenicity of the 
duck hepatitis virus by serial passage in 
chick embryos has been reported by Asplin 
(1958). Schoop et al. (1959), Reuss (1959b). 
and Hwang and Dougherty (1962). Asplin 
found that his attenuated virus applied by 
stabbing the footpad with needles im- 
munized young ducklings. Field appli- 
cation of this vaccine was effective. Reuss 
(1959b) also reported successful immuni- 
zation experiments with “his attenuatei 
strain. 

The virulence and persistence of the 
field virus, the level of parental immunity 
in the ducklings, the age and breed sus- 
ceptibility of the ducklings, the husbandry 
practices and environmental influences 
will be some of the factors that will affect 
die choice of control programs in different 
localities. 
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Avian Monocytosis (So-called Pullet 
Disease), Infectious Nephrosis and 
Bluecomb Diseases of Tin-keys 


AVIAN MONOCYTOSIS 
Synonyms. Pullet disease, bluecomb, sum- 
mer ^sease, housing disease, unknown 
disease, new disease, X disease (Beaudcue, 
1929), XX disease, cholera-like disease 
(Ryff and Stafseth, 1942), contagious in- 
digestion (Waller et al., 1942), battery 
nephritis, Bright's disease (TVeavcr, 1941), 
Tom Barron's disease, acute toxemia or 
colibacillosis (Weisner, 1941), hcpato- 
nephrosis (Jungheir and Levine, 1941), 
avian monocytosis (Jungherr and Matter- 
son, 1944), mud fever of turkeys (Peter- 
son and Hymas, 1951), avian infectious 
diarrhea (\Vatanabe el al , 1951, quoted 
by Watanabe, 1952), bluecomb disease of 
turkeys (Pomeroy and Sleburth, 1953), 
transmissible enteritis of turkeys ^ie- 
burth and Johnson, 1957), uraemia 
(Hungerford, 1962), infectious nephritis- 
nephrosis syndrome (Winterfield and 
Hitchner, 1962), kidney breakdown disease 
complex (Gumming, 1963a). 


•Deceased April 16, 1965. 


While these diseases share clinical, 
hematologic, and perhaps therapeutic fea- 
tures, recent studies indicate that they in- 
clude at least 3 separable entities, namely 
pullet disease of young layers, an infectious 
renal disease of chicks caused by a virus re- 
lated to that of infectious bronchitis, and 
bluecomb of turkeys recently recognized as 
a vibriosis. The principal characteristics of 
these conditions are discussed separately as 
far as possible. 

Under the term "X disease” Beaudette 
(1929) briefly described a disorder of 
adult fowl which usually affected heavy 
birds in high production and was charac- 
terized by cyanosis of the comb and wattles 
and sudden death; flock mortality was 
comparatively low. At necropsy affected 
birds sliowed congestion of the respira- 
tory tract, liver, ovary, kidneys, and in- 
testine. the latter filled with thick catar- 
rhal material. The heart and the abdomi- 
nal fat surrounding the gizzard showed 
small hemorrhages; in one case the liver 
exhibited evidence of necrosis. The dis- 
order revealed an anatomic resemblance 
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CO fowl cholera, but culture and tr;^ 
mission studies with unfiltered and filte^ 
materials failed to demonstrate an infec- 
tious agent. 

A similar condition of diickens and oc- 
casionally of turkeys had been observed 
both in the field and in the laboratory, 
throughout the northeastern states, but no 
systematic study had been reported until 
Tungherr and Levine (1940) attempted a 
pathologic delineation of the syndrome. 
Although these authors recognized an 
acute form similar to X disease, and a 
subacute form primarily characterized by 
kidney lesions, they found certain micro- 
scopic and chemical features to be com- 
mon to both forms and regarded them as 
an entity. On purely sy^iptomatic and 
gross-pathologic grounds, Bulhs 0 ) 

believed the acute and subacute 
termed by him ■‘pullet” and 
disease, respectively, to represent dittercni 
entities. This possibility was likewise wn- 
sidered by Beaudette (1940). who diR«- 
enliatcd them and applied the 
disease” and "new wheat poisoning. 

These opinions emphasize the common 
occurrence, in young laying birds, ol an 
important disorder which has the ear- 
marks of an infectious dise«e but lor 
which a transmissible etiologic agent nas 
not been demonstrated with CCTtainty. 
Without recognition of “pullet disease 
as a definite condition, cerum ca^ o 
adult morbidity and mortality could not 
be diagnosed. Watanabe et al. (1951) d 
scribed a pullet diseaselike .condition o 
chickens under the term “avian mlectious 
diarrhea.” They consider the term avian 
monocytosis” unsuitable for pu e ^ _ 

because monocytosis also occurs in 
castle disease. Similal ob 3 ect.ons would 
hold for any pathologic .heu- 

disease, e.g., coryra. Although ^ 
various conditions share certain ea 
nomenclature, pathology, 
response, their etiologic inleirelaltonshtp is 
not established. . ... 

Occurrence, The statisucal data on^ 
geographic distribution of pu 
are limited. Lack of agreement on ihe 


morphologic range of the syndrome re- 
tards diagnostic classification. Some re- 
ports of the disease have been based on 
l™ptoinatic evidence alone. However, 
even if one considers only the acute and 
most easily recognirable form, the occur- 
rence of pullet disease has been reliably 
reported, aside from New Jersey (Beau- 
dette 1929), from most of the northeast- 
ern states, Michigan (Weisner, 1941), and 
Califotnia (Hurt, 1941), and Ontario 
(Weaver, 1941). Verbal reports seem to 
indicate its presence in North 
Utah, and Missouri (reported by Jungherr, 

‘'’cordon and Blavland (1945) repotted 
Ihe occuiience in England of a dise^e m 
pouluy resembling the socalled pullet 
disease in America. Mochituki (1951), 
working at Ihe Government 
Station for Animal Hygiene -.Tolyo. 
served an infectious diarrhea in chickens 
with clinical, pathologic, and henutologic 
manileslatiom strikingly 
dition under discussion. That this syn 
drome represents a dimco-pathologic en- 
tity of wide geographic ^ 

economic importance is ' j 

Doru from Italy (Capamm. I960), Holland 
(Maas and Voile. 1961^ East 
1961), West Pakistan (Qd«*b ‘“h Bom 
bay (Vaishnar and ParnaiK 'f 
Andralia (Lindtner, 1960; Ra"W. ““h 
Tlie literature has been reviewed by Maas 
(1960) and Chanteclair (1962^ 

' A Connecticut sumy for the yeata '9H- 
39 Qungherr and Levine, 1941) showrf 
that pullet discaselike conditions 
in 15 per cent ol 1,765 survey mses ex 
aminedr72 per cent of -Ite Positive casm 
were classified as Jjvm 

cases were observed in Docks ol buds kept 
on rations prepared according to a stand 

aid New E»B>a"-J .'“7 Various 

dillerent commercial bta"is. 
poultry breeds were found “ “ 
hie. the heavy breeds uf'tween 

majority ol the 5““’ fS“thal is during 


fnd 7 months, that is during 
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chicks 4 weeks old and in 2-yearK)ld layers. 
The available data placed the major 
seasonal incidence between June and 
November, with the peak in August. A 
continuation of the Connecticut survey for 
the 4 calendar years 1940 to 1943 showed 
a similar seasonal distribution of the in- 
cidence (Jungherr and Matterson, 1014). 
During 1943 the attack rate was particu- 
larly high, namely 34.5 per cent of 269 
specimen consignments of cliickens 3 
months of age or older (Scott el al., 1911). 
Since that time, the numerical incidence 
has decreased markedly, a fact for which no 
ready explanation has become available. 

Cole (1950) gase a valuable account 
of an outbreak in an experimental flock 
of 2,850 Single Comb White Leghorn 
chickens, 9 to 17 weeks of age, which had 
been bred especially for resistance and 
susceptibility to avian lymphomatosis, 
and showed a significant nonparallel strain 
and family difference in mortality from 
pullet disease. During the 30-day course 
of the apparently contagious disease, there 
was a marked iniensificaiion of the clinical 
and pathologic manifestations of the syn- 
drome. Moultrie et nl. (1955) obtained 
additional evidence for genetic variation 
in resistance to bluccomb disease among 
families of birds, a factor which was ap- 
parently unrelated to mortality from 
other causes. Strain dilferences in suscepti- 
bility to renal disorders, of which pullet 
disease is an example, were also reported 
by Biely and March (1958) and Hicks 
(1958). 

Whereas the incidence of pullet disease 
in chickens has decreased in the United 
States during the past years, according to 
diagnostic reports, a similar condition has 
been reported in West Pakistan (Qureshi, 
1955) and an increase of the acute type in 
England (Blaxiand, 1957). 

Symptomatology. In the typical acute 
form, a large proportion (average 15 to 
21 per cent) of an apparently healthy 
flock shows a sudden affliction which is 
characterized by depression, lack of ap- 
petite, and whitish or watery diarrhea; 
occasionally there is constipation. Some 


birds exhibit distension of the crop with 
sour-snielling contents, darkening of the 
head (bluecomb or cyanosis), sunken 
eyes, shrivelled legs, and high fever in the 
terminal stages. Laying flocks undergo a 
severe drop in egg production. Maas 
(1961) made a careful study of the effect on 
egg quality 3 montlis after an outbreak and 
found the average egg weight to be 1.23 
grains less than tliai of comparable con- 
trols. Mortality is usually sudden and 
ranges from 50 per cent to almost zero, 
with an average of about 5 per cent of the 
flock. Subacute cases are distinguished by 
a cvymparativciy low, often spotty inddence 
and prolonged course. The clinical signs 
in the flock are less intense; but individual 
birds, according to W'caver (1941), may 
show severe prostration, oliguria, con- 
vulsive symiptoms. and Impaired vision. 

The primary signs of pullet disease axe 
nonspecific in ihcmsehes, but when con- 
sidered togeilter with the seasonal inci- 
dence during early active production, 
they arc highly suggestive of tlie disorder, 
if known infectious diseases can be ruled 
out. Sporadic cases often go unnoticed and 
arc classed among the culls. 

The course of the disease in most cases 
extends over a period of from 1 to 2 weeks, 
ami terminates in a high percentage of 
.apparent recovery, especially if prompt 
attention is given to the ailing flock. Egg 
)>roduciion, however, tends to lag for 
several weeks, and a p.vrtial moult may 
ensue. After the acute attack has subsided, 
relapses may occur (Weaver, 1941), which 
simulate the picture of the subacute form. 
An unusually prolonged course is often 
complicated by other factors, especially 
neoplastic diseases. 

Pathology. Pullet disease is diaracterized 
morphologically by dehydration, necrosis 
of the liver (spotciness) and pancreas 
(chalkincss), hemorrhages on the serous 
membranes, increased mucus in the in- 
testine. various renal changes, and de- 
generations in skeletal muscle (fish flesh- 
like) and ovary (soft or broken follicles). 
The acute form exhibits congestive 
phenomena, or liver and muscle lesions. 



Chapter 31: AVIAN MONOCYTOSIS 847 


while renal changes predominate m the 
subacute form. Blaxland (1957) has c^* 
pared the anamnestic and pathologic fea- 
tures of the acute and subacute 
the assumption of a possible etiologic dif- 
ference. Different combinations of such 
organic alterations in either gross or nu<^ 
scopic intensity produce a highly variable 
pathologic picture, especially as revealed 
by ordinary necropsy technique. This vari- 
ability holds true for initial as well as 
follow-up specimens from the same out- 
break. so that microscopic, hematologic, 
and chemical studies arc necessary for 
complete diagnosis. 

Birds affected with avian monocytosis 
are usually well developed and in good 
flesh, with a tendency to obesity. The ap- 
pendages of the head appear congested, 
as well as the mucous membrane of the 
nasal passages. The vent ffaihers are 
soiled by urinary material. The skeletal 
muscles, especially the breast muscles, ap- 
pear deh>drated and show capdl^y »"* 
lection. In some cases circumsaibed paie. 
often turgent (fish flcshlike) areas are 
seen, which microscopically represent 
patches of muscular degeneration: the 
myofibers arc cither in a state of 
disintegration scp.iraied by mtersuual 


edema or, more characteristically, show 
loss of striation. fragmentation, and hya- 
line swelling, associated with mild poly- 
nuclear infiltration and mapient ri^ 
ecneration. In other words, they show the 
features of Zenker’s degeneration, as seen 
in human typhoid fever and other toxic 
conditions (Fig. 51.1). 

Although the liver may appear fatty or 
congested, an infrequent but most typiral 
alteStion in this organ » 
spaced studding with round yellowish 
a^eas about 1 mm. in diameter, which 
often have a minute hemorrhagic center. 
These foci may be few m number and 
may be associated with subcapsular pe- 
teebiae. There is ordinarily no evidence 
of hepatic tumefaction or fibrinous exu- 
dation Microscopically, the areas vary m 
site and represent ijpical 
no particular tonal onentaum S- 
*« 91- pathogcnciically they 
felVp either on the basis ol 
latisS necrosis of hepatic ceils, or *e 
accumulation oi liyaline tnatcjn' " 
KupIIer cells leading to sinusoidal tom 
bods. The necrotic toci ollen 
secondary polynuclear infiltration and may 
Ser U replaced by regenerating l.ve 
cells. The rest ot die parenchyma shows 
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marked biliary stasis, especially m the 
larger ducts (Fig. 31.3). 

The serous surfaces olten reveal mul- 
tiple but comparatively few and widely 
spaced punctiform hemorrhages. These 
tend to occur on the visceral surface of 
the sternum, on the gizzard and abdomi- 
nal fat, and on the pericardium. Micro- 
scopically, the peritoneal surface of the 
visceral organs is frequently seen to be 
covered by a homogeneous eosinophilic 
material which is inhltrated with betero. 
phils and spherical eosinophilic globules 
(Fig. 31.4) which are apparently derived 
from broken egg cells (Jungherr and Le- 
vine, 1941). 

The spleen, as a rule, presents a norma) 
appearance. The lack of tumefaction is 
helpful in the differential diagnosis and 
elimination of bacterial and leukotic dis- 
eases. Small neaotic foci are observed at 
times, together with bile- and hemosiderin- 
laden phagocytes. The pancreas, whiclr 
normally displays a pinkish-gray homo- 
geneous color, is apt to present a chalky 
appearance which resolves itself into 
numerous fine whitish areas on close in- 
spection, This change, according to micro- 
scopic observation, seems to be brought 


about principally by cloudy swelling in 
the center of the acinar lobules, a process 
which may go on to karjorrhectic necrosis 
(Jungherr and Matterson, 1944). In ad- 
dition, the size of the Langerhans’ islets 
appears sometimes increased; their cells 
are swollen or show here and there 
pale eosinophilic intranuclear inclusions, 
which may represent colloidal degener- 
ation products (Jungherr and Levine, 
1941). Similar inclusion bodies have since 
been observed in chickens and turkeys not 
known to be affected with avian mono- 
cytosis by Lucas (1947) and classified as 
of the multiple homogeneous type, in dis- 
tinction from the clustered granular type 
also found in turkeys (Lucas, 1951). 

The external surface of the intestine is 
unaltered. The lumen of the ileum is usu- 
ally filled with turbid tenacious mucus 
which is often removable as a perfect cast. 
Histologically the changes are those of 
catarrhal enteritis. There may be des- 
quamation of the epithelium with the 
subepiihelial zones showing marked in- 
crease in ceJlularity. The inflammatory 
cells are composed chiefly of mononuclears, 
lymphocytes, and histiocytes. It is not un- 
common to find many cystic crypu con- 
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taining inspissaied mucus (Jungherr and 
Mattenon, 

The gross lesions o( die kidneys present 
a gradient from insignificant changes to 
marked enlargement, especially of the 
anteiioi lobes, and finally the familiar pic- 
ture of uric nephritis known as visceral 
gout. Microscopic alterations are fre- 
quent in grossly "normar' kidney tissue: 
they ate often of patchy distribution and 
vary in character. In die most acute cases, 
one sees extensile cloudy sivclling. pyk- 
nosis, and desquamation of the epithelium 
of die proximal convoluted tubuli, a point 
which can be evaluated only in fresh 
necropsy material. Other definite renal 
changes consist of dilatation of lubuli as- 
sodalcd with {laitcning of the epithelium 
and formation of hyaline casts (Fig. 31^) 
and pseudogiant cells (Fig- 31.6) from 
infolding epithelium. The larger of these 
foci may show crystalloid radiating cen- 
ters considered to be palhognomonic for 
uric nephritis (Siller. 1959). In protracted 
cases the tubuli show many cellular casu 
composed of disintegrating heterophils. 
The glomeruli likewise may exhibit 
significant alterations in avian monocyto- 
sis, such as thickening of die basement 


membrane, protein precipitate in Bow- 
man’s space (Fig. S1.7). adhesions, and 
dilatation (loculation) or hyaline thrombo- 
sis (Weaver, 1941) of the tuft capillaries. 
Fibrous obliteration of the glomeruli does 
occur in some instances. 

The ovary, often being in full produc- 
tion. quite commonly presents irregular 
soft or broken egg follicles. The yolk 
material is of normal consistency. Massive 
fibrinous exudate around the follicles is 
not characteristic, and if present is prob- 
ably due to secondary bacterial changes. 

The similarities in the pailiologic con- 
cept of avian monocytosis as presented 
here, and those of Mochizuki et at. (1952), 
Qoreshi (1955) , and Blaxland (1957) for 
the disease of diickens arc striking. 

Hematology. The blood may show se- 
vere hcmoconccniration, increased vis- 
cosity and coagulability, and low venous 
pressure. For these reasons it is sometimes 
difllcuU to obtain good blood samples by 
venepuncture. Birds arc apt to die in the 
process. The hcmoconcentration is re- 
llectcd in increased hemoglobin values 
averaging 15.1 grams per cent in severely 
affected birds (Jungherr and ^^altc^son, 
1944). 
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In hematologic studies by the above 
authors, there was a consistent but moder- 
ate leukocytosis, averaging 40,000 per mm.* 
The most significant change in the blood 
picture was a relative and absolute mono- 
cytosis which averaged about 20 per wnt 
or 8,000 per mm.*, respectively, in com- 
parison with the normal of 8.9 per cent 
for females, or 1,700, according to Olson 
(1959). The intensity of the blood changes 
varied with the cUnico-pathologic picture 
and seemed to be particularly marked in 
cases of kidney involvement. As a rule, the 
majority of the birds in a specimen con- 
signment showed the monocytic shift which 
sometimes constituted the only morpho- 
logic evidence of the disease. In stained 
smears the monocytes were ordinarily of 
the large, mature type but were sometimes 
dtaracterized by basophilic cytoplasm and 
rounded nuclei suggestive of immaturity. 
Mitotic figures were rare. Differencial 
counts by Mochizuki (1951) on 19 birds 
grouped according to severity of symptoms 
also showed, in all but one bird, a relative 
monocytosis ranging from 12 to 52 per cent. 
Similar results were reported lor naturally 
and artificially infected chickens by Waun- 
abe et al (1931). 

The significance of the hematologic 
findings increased with the certainty with 
which other diseases such as fowl typhoid 
and fowl cholera could be ruled out. Since 
the blood changes seemed to represent the 
outstanding common denominator in pul- 
let disease cases of varying intensity, the 
scientific term “avian monocytosis” was 
proposed (Jungherr and Matterson, 
1944). 

Chemicaf pathology. Clinical resem- 
blance of avian monocytosis to uremia 
and the pathologic evidence of kidney 
and liver involvement emphasize the im- 
portance of the chemicopathologic as- 
pects. The earlier studies (Jungherr and 
Levine, 1940) have been extended by 
Levine and Jungherr (1941). It appears 
that the blood of birds affected with pul- 
let diseaselike conditions shows high aver- 
age values for nonprolein nitrogen 


(26.8 mgm. per cent), and especially for 
uric acid (18.9), approximately normal 
values for phosphorus (6.5), magnesium 
^.36), and total ketone bodies (15.5) 
and usually low values for calcium (13.9 
mgm. per cent). The average value for 
glucose (200) is somewhat high, but wide 
variations are encountered in both affected 
and normal birds. In severe cases of avian 
monocytosis, the values for serum potas- 
sium are slightly below normal while 
those for whole blood potassium are high. 
Total chlorides may be strikingly low 
(Jungherr and Matterson, 1944). This 
chemico-pathologic picture is in keeping 
with a uremic concept of pullet disease. 
Very acute cases of avian monocytosis 
usually fail to show high values for uric 
acid, but the nonprotein nitrogen may be 
inaeased. 

Urine analysis of birds with high blood 
uric acid usually reveals a glycosuria; this 
may be due to hyperglycemia, defective 
teabsotpiion on the part of damaged renal 
(ubuli, or both. A reducing substance in 
birds suffering from experimental ne- 
phritis was first observed by Dworin et al. 
(1941) in this laboratory, and confirmed 
and identified in field cases of pullet dis- 
ease by Levine and Jungherr (1941). 
Albuminuria was frequently observed in 
laying birds when the urine was obtained 
by the cloacal technique of Davis (1927) 
and Coulson and Hughes (1931), while 
urine obtained by cannulization of ex- 
teriorized ureters (Hester et al., 1939-40) 
was free from albumin. Thus, the albumin 
seemed to be due to admixture of se- 
cretions from the genital tract, and to be 
of no palholoj-ic sjfnifirance. 

Differential diagnosis. Some phases of 
the clinical and to a certain extent the 
pathologic picture of this disorder can be 
brought about by any of the common in- 
fectious diseases such as fowl cholera, 
pullorum disease, and fowl typhoid. For 
this reason it is of diagnostic significance 
to exhaust the possibility of known specific 
infections. Flock outbreaks can often be 
suspKted from the anamnestic data. 

Etiology. The exact factors involved in 
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the causation of the fieJd syndrome of 
avian monocytosis are unknown. Etiologic 
studies have been concerned with the pos- 
sibiiity of nephrotoxic substances particu- 
larly in wheat, physical factors such as over- 
heating and dehydration, and of infectious 
agents. 

Severe cases of avian monocytosis repre- 
sent essentially a uremic condition ref- 
erable to renal damage. Pathologic in- 
volvement of the liver in renal diseases is 
recognized in man under the term “liver 
death” and/or hepatorenal syndrome 
(IVilensky, 1939). This would be plausible 
in birds on account of the close circula- 
tory connection between the two organs 
and the existence of a special portal circu- 
lation in the avian kidney (Spanner, 1925; 
Gordeuk and Grundy, 1950). Experi- 
mental nephrotoxicoses may shed some 
light on the problem, especially since the 
demonstration of nephrotoxic antagonists 
to essential nutrients (ethionine against 
methionine in rats) by Wachstein and 
Meisel (1951). In birds, repeated intra- 
muscular injections of potassium dichro- 
mate (0.001 per cent of body weight) 
caused uric nephritis together with oc- 
casional neaobiosis of liver, pancreas, and 
skeletal muscle (Jungherr and Levine. 
1941). Feeding chicks certain inorganic 
adds, particularly sodium citrate and ace- 
tate, produced the so-called "salt effect” 
which was preventable by potassium salts 
(Correll, 1941). In confirmation of this 
work, Scott el at. (1944) found the salt 
effect to be indistinguishable from visceral 
guac or uric nephritis ancf to 6e pre- 
ventable by potassium-rich molasses and 
potassium chloride. The latter substance 
also seemed to have a certain curative ef- 
fect on spontaneous avian monocytosis. 
The possible effect of tlie sodium-potas- 
sium balance on the development of 
“uraemia” was studied by Beilharz and Mc- 
Donald (1960). In 6 groups of 4-week-old 
chicks, fed diets varying in protein source 
and supplementary sodium and potassium 
chlorides for 8 weeks, an outbreak of 
uremia ivas less severe in the potassium 
supplemented than in the nonsupple- 


mented groups. The possibility of a co- 
existing infectious agent was not ruled out. 
In man, renal and cardiac lesions associ- 
ated with chronic diarrhea have been 
termed "kaliopenic nephropathy,” an en- 
tity recently studied under the light and 
electron microscope by Biava el cl. (1963). 
The principal renal lesion was an ex- 
pansion of normally existing extracellular 
spaces together with changes in the tubu- 
lar basement membrane and was con- 
sidered similar to that in hypernatremia. 
Selye (1942) produced nephrosclerosis in 
chicks by repeated subcutaneous injection 
of desoxycorticosterone acetate, by water- 
ing with physiologic salt solutions, or both 
(Selye and Stone, 1943), and believed the 
experimental condition to resemble avian 
monocyt<»is. Hormonal adrenal deficiency 
and faulty adaptation have been suggested 
by Van Ness (1951b) as underlying causes 
of this disorder; this might find seme sup- 
port from the reported therapeutic re- 
sponse. especially of the subacute fonn, to 
antihistamines (6.1 gram Anthisan per os) 
(Thompson, 1951). High protein dicta 
alone, although producing articular gout 
in turkeys (Bollman and Schlotihauer, 
1936a, b) and in chickens (Oppenheimer, 
1941; Oppenheimer and Kunkel, 1943), ap- 
parently bad no such damaging effect on 
the kidneys. Fisher et al, (1961) observed 
repeated outbreaks in both male and fe- 
male yearlings when transferring them 
from floor pens to individual cages. These 
authors considered water deprivation and 
change in environment as a possible sole 
or major cause. 

Investigating the popular claim that 
avian monocytosis represented a form of 
wheat poisoning, Quigley (1943) sub- 
jected it to experimental inquiry and ob- 
tained some epizootiologic as well as ex- 
perimental support for this belief (1944a). 
He failed to find chemical differences be- 
tween pullet disease-inducing and non- 
inducing wheat samples, but found the 
former to have lowered germination 
ability (1944b) and to be assodated with 
a high bacterial and low fungal flora 
^etty and Quigley, 1947). In further 
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studies Quigley (1948) again found differ- 
ent lots of wheat to vary in their ability to 
cause pullet disease. Fortification of the 
mash with calcium carbonate and sodium 
bicarbonate improved egg production but 
had no preventive effect on the disease. 

This subject of possible causes of visceral 
gout in birds Jias been reviewed by Stone- 
brink (1947). 

High atmospheric temperatures have 
long been considered as a possible factor, 
as indicated by the synonym "summer dis- 
ease.” Yeates cl al. (1941), in their studies 
of the reactions of domestic fowl to hot 
atmospheres, failed to obserse pullet dis- 
ease. Jungherr, in cooperation with Scott 
and Maiierson (1946), examined chick- 
ens which had been kept at constant high 
atmospheric temperatures with or sviihout 
adequate water supply, but failed to find 
a condition which would tit (he diagnostic 
criteria of avian monocytosis. Fox (1951) 
reviewed the problem of heat tolerance of 
domestic fowl and found the survival lime 
to depend on breed dilTeiences and per- 
sistency in water consumption. Van Ness 
(1953) collected nationwide incidence 
(lata which suggested bluecomb in chick- 
ens to resemble early shock and to occur 
primarily 3 to 4 days following tempera- 
ture waves of 85* F. or over. 

Maas and Voflte (1961) made detailed 
epirootiologic observations in an intensive 
breeding area of southwestern Holland 
during the summer of 1959. In a pullet 
population at risk of 800, OOQ, 4 to 8 
months old, with flocks averaging 3.000 
birds on 10 acres of land, they observed 215 
cases of bluecomb, 124 of them uncomph 
cated. Tlie attack rate was 3 to 4 per cent 
of young hens but was not uniform since 
broad strips svere apparently spared. Clini- 
cal signs corresponded lo those in the 
world literature. Outbreaks were fre- 
quently preceded by sudden changes in 
temperature. Egg production receded by 
30 per cent and returned to normal within 
3 to 6 weeks after treatment. The latter 
consisted of reduction of grain feeding and 
1:10,000 oxytctracydine in the drinking 
water. This recent report is of interest in 


view of the diminishing incidence in the 
U.SA. 

No bacterial organism has been found 
to be constantly associated with avian 
monocytosis, except for the unconfirmed 
claim of Weisner (1941) that the disease is 
caused by certain strains of Escherichia coU. 

IValler (1942. 1944a) reported the iso- 
lation of a filterable agent from the blood, 
liver, feces, and eggs of birds affected with 
the acute form. The virus (1944b, 1945) 
could be cultivated on the chorio-allantoic 
membrane of 8- to 9-day-old chicken em- 
bryos where it produced a compact or 
circular lesion with radiating processes, 
stunting of the embryo, and death in 
about 12 per cent. Turkey and duck em- 
bryos usually succumbed to the inocula- 
tion. Injection or feeding of the freshly 
isolated virus caused a nonfatal sickness 
(in about 50 per cent) characterized by 
subcutaneous edema, widespread petechi- 
ation. tumefaction of the parenchymatous 
organs, and catarrhal enteritis. The ex- 
perimental disease in chickens and turkeys 
was accompanied by marked heterophile 
leukocytosis which reached its peak about 
96 hours post inoculation. 

Blood sera from birds that had re- 
covered from the experimental or spon- 
taneous diseases were capable of aggluti- 
nating washed killed Salmonella pullorum 
organisms which had been allowed to ad- 
sorb virus from infected allantoic fluid. 

Based on the refractivity of birds to re- 
inoculation, a live vaccine was prepared 
from infected chorio-allantoic membranes 
dried in vacuo over anhydrous calcium 
chloride and used on about 44,000 birds 
with encouraging results. 

Isolation of a virus in embryonated 
chicken eggs was reported by Watanabc 
and associates (1952a, b). The authors 
succeeded in the isolation of two strains 
from Chamberland Ls-filtered intestinal 
content of acutely affected birds. The virus 
was cultivated in the allantoic cavity of 
8- to 10 day-old chicken embryos for 14 
passages and caused embryonic deaths 
within to 3 days, accompanied by 

hyperemia and petechiation of eyelids, 
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legs, and lung, or severe stunting within 
7 days. Later studies found die yolk sac 
route preferable. The egg-propagated virus 
was nonhemagglucinating and neutraliz- 
able, and was c-ipable of inducing the Held 
syndrome in healthy birds on ora) or 
intravenous administration within 5 to 6 
days. Tanaka and Kawashina (1061) 
further characterized the virus o! infectious 
diarrhea of pullets. Blaxland (1957) con- 
firmed the cmbryo-paihogeniciiy of the 
Japanese agent when inoculated into the 
yolk sac of 6-day-oId embryos. But intra- 
lenous inoculation of the sirus into British 
fowl caused only a transient monocytosis. 
Neutralization tests on the principal birds 
prior to, and post. Inoculation were not re- 
ported. 

Although the viral etiology has not been 
confirmed definitely, failure to do so may 
be entirely technical in nature but demon- 
strates the dilHcuUies involved, particu- 
larly for diagnostic purposes. Waller 
(lOi-lb) rightly pointed out Utc unlikeli- 
ness of many birds being attacked simul- 
taneously by uremia of noninfcctious ori- 
gin. On the other hand, to explain the 
often explosive outbreaks of avian mono- 
cytosis on an infectious basis, one would 
have (o assume that the viral agent is 
already widely seeded in the susceptible 
})opulaiic>i], and tliat iu pathogenic action 
it set into motion by secondary nonspecific 
factors (Jungherr and Matterson, 1911). 

Trcaimcol and control. Certain tiicra- 
pcuuc measures have been used in the field, 
appaiently with favorable rcsixtnse if ap 
plied in (he caiiy stages of the acute form 
of the (liseaie. For individual ire 2 tment 
Van Nevs (lD5)a, b) suggested instillaiion 
into the uop of 10 to 20 ml. of -1 ]»er rent 
acetic acid or of vinegar. follov«cil by gcmic 
masugc. 

In griictai, the measures cousin in pro- 
viding an abundance of cfcait, seadily 
available water, and cool. Hell-ventilated 
rjuaiiers, and in reducing cunsuin^xion of 
grain. U ywvvible. biids should be allowed 
acccu to ivinwjyt cr duded range. Fludses 
are cuntraindicatnl in v»ew of the vexcic 
«.'t}sydtat{'-m. 


Some observers claim to have obtained 
good results from the use of 1:2,000 cop- 
per sulfate or 1:1,000 potassium dichro- 
mate in the drinking water (Weisner, 
19-11). Molasses has been used widely and 
has some justification because in high 
doses it prevents experimental nephro- 
toxicoscs probably on account of its po- 
tassium content (Scott et at., 1014). Blax- 
land (1957) thinks of molasses merely as 
a source of readily assimilated carbo- 
hydrate. Molasses may be used cither in 
the drinking water (2 per cent) or ad- 
ministered in a mash composed of equal 
parts of bran and rolled oats, mixed with 
to to SO per cent of molasses and water in 
amounts sufficient to obtain a crumbly 
consistency. The treated mash is given on 
alternate days for a period of 3 hours, 
after withholding food for about 2 hours. 

Instead of molasses, potassium chloride 
or good fertilizer grade of muriate of 
potash (containing at least CO per cent 
KjO) may be used at the rate of 0.5 per 
cent in die water for die first 7 days and, 
if necessary, at die rale of per cent in 
the fcctt for an additional 7 days. Accord- 
ing to Van Ness (1917a, b), under tyeperi- 
mental conditions, prolonged or excessive 
use of pocassium cldonde may have un- 
toward e/Iecu. The genera) role of |>oiav 
sium m hunuu medicine is finding new 
emphasis (Darrow. 1950; Marlin el at., 
195!) and militates against a concept of 
pullet disease as being a primary jxstai- 
sium deficiency. 

Antibiotics, namely pcniciltm, cJdor- 
icitacycline, and oxytctracycline, were 
fan shown to be eifective in individual 
oral ircaimeiiis of turkey cases by Peter, 
son and Ilymas (1951), who also ob- 
laiited guoil results iu the field with 100 
and 5 parts per milliou of oxvictiacydine 
in mash and v»atcr. rcsjxtiively. Since 
then, trejttncnt of the disease in chiclertk 
wjih high level ox)leu>c)tJiiJC has Iseen 
ic{toittd as both suttestful {Cioralcy. 
1953) and unsuccessful (Adler ri al . 
1952). Pullet disease ttsjwrvJcd ptompily 
to iicJimcm with high levels of dilaiut- 
lacydine in the cx|jctiritcc of .'fcKay 
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Pelly (1956). On the theory that the acute 
form is a metabolic disorder and the sub- 
acute form is due to an infectious agent, 
Blaxiand (1957) recommended treatment 
only for the subacute form. He stated, 
however, that this was based upon field ex- 
perience, not upon controlled experi- 
ments. 

If the virus etiology of avian monocy- 
tosis Is confirmed, specific vaccination may 
be contemplated. At the present time, a 
spccvfic vaccine is not available. 

Control measures should be attempted 
along the lines of good management. Di- 
rect and indirect contact with affected 
birds should be avoided. Routine pro- 
phylactic vaccinations (fowl pox, etc.) 
are best carried out during the early grow- 
ing period, preferably at the age of 2 
months. At the time of housing, the birds 
should be well fleshed but not fat; trans- 
fer from Uie range to confinement must 
be made gradually with a minimum of dis- 
turbance to the birds. Shade, ventilation, 
and water supply are important factors, 
and mash feeding should be intermittent 
during the aitical period. 

INFECTIOUS NEPHROSIS OF BROILERS 

An apparently new disease of chickens 
was observed in die Delmarva broiler area 
since 1956 and reported by Cosgrove (1962) 
under the term avian nephrosis, popularly 
known as "Gumboro disease” according to 
the locale. Referring to it as "nephritis- 
nephrosis syndrome of chickens” Winter- 
field and Hitchner (1962) determined its 
viral etiology but found two agents which 
produced mild respiratory signs associated 
svith renal alterations. Winterflcld et al. 
(1962) recognized distinct pathogenetic 
differences between diese agents and sug- 
gested naming die respiratory agent "in- 
fectious bronchitis variant virus” and the 
Gumboro disease agent which causes en- 
largement of the bursa of Fabriciiu and 
renal lesions, "infectious bursal agent." 

Tlic immunologic relationship of the 
brondiitis variant virus to other known 
serotypes of this virus has been detailed by 


Hitchner et al. (1964) and Winterfield et 
al. (1964). 

The pathologic aspects of the infectious 
bursal agent have been studied by Helm- 
boldt and Garner (1964). After intraocular 
inoculation of 21-day-old susceptible chicks, 
there was gross enlargement of the bursa of 
Fabricius within 3 days and microscopi- 
cally general necrosis of the lymphoid ele- 
ments, especially in the bursa, spleen, cecal 
tonsils, and thymus followed by partial re- 
generation. Nephritis occurred irregularly 
in the terminal phases of the experimental 
disease. 

In Australia, Newton and Simmons 
(1963) likewise observed an acute disease of 
broilers with initial respiratory and late 
nephritic signs and believed it to be the 
most prevalent form of avian nephritis in 
Queensland. The authors obtained a 
chicken embryo lethal agent via the yolk 
sac route. Suspensions of kidneys from af* 
fecied birds or of infected yolk sac repro- 
duced the disease either by intra-abdomi- 
nal inoculation or exposure to aerosols. 
By the latter techniques two-day-old chicks 
developed a nephritic, older chicks a respi- 
ratory, syndrome. In the over-all, the 
disease was similar to that described by 
Hongerford (1962) as fulminating "urae- 
mia" in brooder plants. 

Gumming (196Sa) objected to the term 
uremia and stated that the “kidney break- 
down disease complex" has been a problem 
in Australian poultry flocks since 1948 and 
now represents a major poultry disease. 
In six-week-old chicks the disease started 
with respiratory signs for 24 hours, fol" 
lowed in 3 to 4 days by high losses (up to 
15 per cent) which were principally charac- 
terited by dehydration and renal enlarge- 
ment. Inoculation of pathologic material 
into the allantoic cavity of developing 
hen's eggs yielded a virus which caused 
changes in the embryos ordinarily ascribed 
to those of infectious bronchitis virus, and 
which was capable of reproducing the 
disease in 15-day-old chickens. Since 
Australia was believed to be free from 
avian viral bronchitis the isolant was con- 
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sidered an aberrant strain of infectious 
bronchitis virus. 

In follow-up studies on infectious avian 
nephrosis in Australia, Gumming (1963b) 
reported isolation of the virus from various 
localities around Sydney and elsewhere. 
The virus could be isolated from l^g, 
trachea, and kidney, even from dead birds. 
The experimental disease, produced by in- 
traocular instillation of infected allantoic 
fluid, caused respiratory signs without dis- 
charge in 24 hours. After a 3- to 4-day 
period of normalcy, the birds became 
hunched, ate little, and drank much. The 
vents were soiled, the droppings white, an 
the combs cyanotic. The natural disease 
was also observed in young layers where 
respiratory signs were followed within 4 
days by drop in egg production, embryonic 
mortality in their progeny for about 2 
weeks, and decrease in egg quality for a 
longer period, by and large typical of infe^ 
tious bronchitis. An attack was followed 
by immunity in about 6 weeks. The dis- 
ease was considered self-limiting and prob- 
ably caused by interaction of nutritional 
and viral factors. Except for the enlarge- 
ment of the bursa of Fabricius. the Austral- 
ian nephrosis syndrome resembled the 
American form; preliminary resulw have 
shown no serologic cross-neutralization o 
the respective viruses. 

While the interrelationships of avian 
nephrosis in broilers in various parts of the 
world to pullet disease in older birds have 
not been worked out. the recent finding 
strengthen the infectious theory and 
promise etiologic clarification. They al» 
demand careful re-examination of bront*i- 
tislike viral strains, especially vaccine 
strains, for purity and pathogenetic specira. 

BIUECOMB DISEASE OF TURKEYS 
Occurrence. Bluecomb dise^ of 
keys has been recognized in various luAey 
raising areas of the United States and On- 
ada. Peterson and Hymas (1951) dwibed 
an unfamiliar disease of turkeys, obsen 
in the state of Washington for pasi 
seven years and locally known as i 


Fever," which had the general character- 
istics of pullet disease. Pomeroy and Sie- 
burth (1953) reported on an extensive out- 
break of the disease that occurred in Min- 
nesota in 1951. A similar condition had 
been recognized as occurring sporadically 
in growing turkeys for several years. It had 
been designated as trichomoniasis of the 
lower intestinal tract because of the pres- 
ence of increased numbers of tnchomonads 
in the cecum and rectum. Boyer (1953) re- 
ported on the disease in New York as hav- 
ing a similar pattern to what was described 
in Minnesota. The disease was recognized 
in Virginia as a serious disease problem m 
young turkeys (Sieburth and Johnson. 
19571 Ferguson (1961) reported the disease 
had occurred in Ontario for several years 
and in 1959 had become a serious disease 

^ Economic importance. Surveys of turkey 
growers conducted by the Staie-Federal 
Crop and Livestock Reporting Service in 
MinnKola in 1951, 1956, anti ,1961 mdi- 

caled that bluecomb dtseasews the most 
costly disease encountered by the turkey 
industry in that stare. In 1961. 
ol the flock owners reported losses 
disease, in 1956, 22 per cent, and m 951 
14 net cent, The estimated value ol the 
rlkcTs Lt in 1961 was »489,000 and 
morbidity losses would greatly 'ncrease 
that Esure. The average age of the buds at 
the liS of most frequent loss m 1951 was 
21 weeks, in 1956 it was 13 weeks, and m 
1961 it was 9 weeks. Because o! the change 
in turkey production to a year-round pro- 
gram on inany farms today, the disease is 
encountered Irequenlly in young birds be- 
fore Uiey ate placed on range, as compared 
m"re,fous yiars when the production was 
more seasonal and the disease was seen in 
mature birds (Etlandson and M“i*. '9“^' 
Etiology. The exact cause ol bluecomb 
disease iu turkeys has not 
rliaracierized. Pomeroy and SieburUi 
S) demonstrated the infectious nature 
of the disease and were able to repr 
the disease with unfiltered intestinal mn- 
lenJ. Tissues, other than the intestinal 
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tract, did not harbor the transmissible 
agent. Siebunh (1954) studied various bac- 
terial isolates from the intestinal tract of 
bluecomb disease-infected poults but was 
unable to reproduce the disease with 
various t)pes of microorganisms. The 
agent failed to pass Seitz EK, Berkefeld N, 
and sintered glass UF filters. Sieburth and 
Pomeroy (1955) reported additional studies 
on the etiology but were unsuccessful in 
isolating a specific agent. Tumlin cl al. 
(1957) established that the agent readily 
passed Berkefeld and Selas fillers of the 
smallest pore size but would not pass 
through a Seitz EK filter. Sieburth and 
Johnson (1957) reported similar findings. 
A similar agent has been obtained from 
bluecomb-affected chickens which is trans- 
missible to chicks and poults. However, in- 
fective material from poults did not cause 
the disease in chicks (Sieburth and Pom- 
eroy, 1956b). Tumlin and Pomeroy (1958) 
found that 1:2 dilutions of serum from 
recovered field cases completely neutralized 
Selas 02 filtrates of agent-bearing intestinal 
contents, but no evidence of measurable 
passive immunity was found in their 
progeny. Tniscoct el al. (1960) isolated a 
small Cram-negative anaerobic pleo- 
morphic rod from the intestinal tract, 
which they considered as the etiological 
agent. Truscoct and Morin (1964) further 
characterized the agent as a meml^ of the 
genus yibrio, and reproduced the disease 
svich vibrio cultures. Vibrio isolations were 
made from the liver and bile, as well as 
intestinal tract. Serological studies sug- 
gested that at least three serological types 
were isolated. The relationship of these 
vibrios to the vibrio associated with hepati- 
tis in chickens has not been established. 

Larsen (1964) has consistently isolated 
an enterovirus from intestinal tracts of 
bluecomb-infected turkeys and recently has 
verified the presence of vibrio organisms in 
experimental and natural infections. He 
has not been able to reproduce the disease 
with the enterovirus or vibrio organisms 
alone or in combination. 

Symptomatology. The disease affects 


turkeys of all ages. In young poults the 
disease appears suddenly. There is depres- 
sion, subnormal body temperature, 
anorexia, dehydration, and frothy or 
watery diarrhea. There is constant chirp- 
ing and poults seek heat. The incubation 
period is 48 to 72 hours. In growing tur- 
keys the appearance of the disease in a 
flock is sudden with a concurrent drop in 
water and feed consumption. The affected 
turkeys have a diarrhea, some depression 
and show darkening of the head and skin. 
There is a rapid loss of weight and a 
sunken crop. The droppings may contain 
mucous threads and casts and may be 
greenbh to brownish in color. As the 
disease progresses in a flock, the droppings 
contain primarily urates. There U a sub- 
normal body temperature. In turkeys in 
production a similar pattern as seen in 
growing turkeys is encountered and, in 
addition, a rapid drop in egg production 
with chalky eggshells. 

The mortality varies depending on the 
age of the turkeys and environmental fac- 
ton. In young poults under experimental 
conditions the loss may vary from 50 to 100 
per cent, whereas under field conditions, 
the losses may vary from 5 to 50 per cent 
with higher losses occasionally en- 
countered. In young turkeys four to eight 
weeks of age the death loss may be kept to 
a minimum if supplemental heat is pro- 
vided. In range turkeys the loss may be 
low but is dependent on environmental 
conditions. If adverse weather conditions 
prevail, the loss may be as high as 25 per 
cent. The course of the disease may extend 
over a period of ten days to two weeks and 
it may require several weeks for the birds 
to regain lost weight. In mature birds, 
particularly males, some never regain satis- 
factory weight and there is a general un- 
evenness in the flock. The morbidity loss 
may be high because of the loss of weight 
and inability of the flock to mature at a 
normal rale (Pomeroy and Sieburth, 1953; 
Sieburth, 1954; Siebunh and Pomeroy, 
1955). 

Pathology. In poults the gross changes 
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are confined to the intestinal tract. Con- 
tents o£ the duodenum and free portion of 
the small intestine and cecums are watery 
and gaseous. Bulbous areas are noted 
along the intestinal tract. There are no 
gross lesions in the lungs, heart, liver, 
spleen, pancreas, and kidneys. The muscl« 
are dehydrated with a generalized emaa- 
ated condition of the carcass. 

In growing and mature turkeys the gross 
changes are confined primarily to the m* 
testinal tract, although changes are noted 
in some of the other organs. The liver is 
normal in size and appearance. The spleen 
is usually smaller than normal. The pan- 
aeas may appear normal or have a chalky 
appearance with numerous small whinsn 
areas. The kidneys usually present a 
normal appearance. Urate deposits «e 
rarely found. The crop is empty, me 
lumen of the intestinal tract conuins 
watery, gelatinous mucus and 
casts. The cecums are distended and filled 
with watery yellowish-brown feces having 
a fetid odor. Small petechial hemoirhagtt 
may be noted on the surface of ihe ‘ntwn- 
nal mucosa (Pomeroy and Sieburth. 1953. 
Sieburth, 1954; Sieburth and Pomeroy. 
1955). Hilton (1954) found similar hisio- 
pathological changes in tissues from experi- 
mentally and spontaneously infect^ tur- 
keys. Histologically changes were primarily 
of a catarrhal enteritis. He found a 
marked round cell infiltration of t c a 
renals. 

Hematology. Hilton's (1954) hcma ^ 
logic findings in experimentally infect^ 
turkeys were similar to those . * 

chickens (Jungherr and 

Chemical pathology. Hilton (1954) co 
ducted some blood chemistry studies on ex- 
perimentally infected turkeys but the re- 
sults were inconclusive. 

Dilferential diagnosis. In young po 
the disease may be easily conf.^ 
hexamitiasis. Salmonellosis may be a im- 
plicating lactor in natural 
Moniliasis is a very common second^ > 
lection particularly following “!*■“!“ 
therapy. In growing and mature 


creased numbers of ttichomonads are 
found in the contents of cecums and rec- 
tmiis. Their role in natural outbreahs 
not known. The possibil.ty of known 
speciBc infections, such as erysipelas, fowl 
tSera, and entero-hepatilis, must be 
eliminated by laboratory studies. 

Treatment and control. Because of the 
highly infectious nature of the disease 
tery management precaution must be 
taken to prevent the introduction of the 
to omo a turkey farm. Since there ts 
evidence of a carrier status m 
turkeys, complete depopulation of a turkey 
f'^Ti. the only way to break the cycle of 

'‘"v,rZs antibiotics and other chemo^ 
therapeutic agents have been evaluated in 
the treatment of the disease. No regime 
his been found that will P'‘; 

vLt the disease. Peterson and Hyma 
fl95l) reported success in individual oral 
reatment of turkeys with 

0 gram per%on of drinking water 
p1,.!eref:“d"sleblrth.l95S; Sieburth aud 

Pomerov 1956; Pomeroy, 1956a. b). lum 
fin nnd Pomeroy (1958) reported on the 
prephylactic value of three n'™ 
Experimental infections that resulted in re 
d„S mortality but had no elfect on mor- 

“'“‘rruscott el «l. (I960) found the bac- 
terium they considered the causative agent 

refSPp^g'Jilou of drinking water a. a 

‘"f,“S'cys sick with this disease, increas- 

iui tf e environmental temperature uuu, 

the birds seem comfortable is also 

laerS value in keeping losses to a mtni. 

mum. 
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Neopkstic Diseases of the Chieken 


An aiiempt is made in the /olloning pre- 
sentation to describe bneH)’ the various 
forms of neoplastic disease that occur in 
the chicken and to discuss (iieir salient 
chaiacicristifs. This contribution is in- 
tended to suppl)* the information neces- 
sary for a patltologist to make a differen- 
tial diagnosis of neoplasia in die cliickcn. 
provided die case in question is one of the 
commoner forms ol tumor. Key references 
So die Hieraure are provided lor those 
i*ho Hish to seek more detailed tniomta’ 
lion. 

5cicnii/ic interest ivas aroused about 55 
}ear3 ago in ttvo t]‘pes of neoplasia of die 
cliicken sthich ucre found to be transmis- 
sible by means of an uhramicroscopic 
agent separable from tumor cells. Time 
tumors Here foul leukosis and certain 
tumors of conncciise tissue. Decausc of 
ronsiilcrablc research on the transmissible 

• MtmUct lanciiiut Sis!I. M*)* Clinic »ful M»jo 
Cuilusie Schout ol MexlKine, RtHiiCticr. Minne- 
«rtJ. 


tumors of chickens, evidence is accumu- 
lating to indicate contact ex]>osure of the 
very young bird is the m^c of trans- 
mission of these diseases under natural con- 
ditions. 

INCIDENCE 

Aldtougli neoplastic disease is generally 
rccognired as one of the more cominon 
diseases of die domestic chicken, its inci 
deace can be estimated in only a gettcra) 
taaniter. Refjorts referred to in Table 52.1 
indicate an incidence of iroin 5 to iS) per 
cent. 

/\sk-Upmark (1953) reported whai he 
believed to be .in epidemic of tumors in 
a flock of cJiickens in Sueden. Bciviccn 
20 and 25 birds from a flock of JOO dictl 
stiihin a year. Only 5 of die birds v.crc 
aaually examined, yet all 5 sscre alfccieU 
uiih carcinoma of the ovary with exten- 
sion so die viscera. Olson (1912) studied 
lire tumors dial occurred in a small poul 
fry flock in vthtch the incidence of disease 
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TABLE 32.1 

pREQueNCY OP Neopi.AsiA Odservsd in Chickens 
(Excluding NcurolymphotnatosU and OtteopetrosU) 


Author 

1 

Locality 

1 Number of Birds 
Examined 

Period of 
Observation I 

Per Cent 

With Tumor 

Curtis (1915) 

Maine 

480 

8 years 

8.98 

Schneider (1926) . ... 

England 

11,000 


2 to 3 

Hoogland (1929) . . . 

Holland 

1,707 

[ 32 years 

10 

Babic (1931) 

Yugoslavia 

647 

8 yean I 

6.6 

Eber and Malkc (1932) ' 

Germany 

11,903 

32 yean 1 

3.12 

Goss (1940). 

New York 

7,408 


19,5 

Olson and BuUis (1942) . . . 

Massachusetts 

2,304 

2 yean 

12 9 

Campbell (1945) . 

Scotland 

2,063 

5 yean 

' 18.7 

Reu and Nobrega (1955) . . 

Brazil 

15,549 

23 yean 

1 6.6 


was unusually high. The flock numbered 
48 birds, and when the last bird was 
slaughtered, S years later. 13 birds (27 
per cent) had died with neoplastic div 
ease. In another flock of 478 birds. 42. or 
n.4 per cent, became affected with lym- 
phocytoma in a 2-month period (Olson, 
1948). 

Various factors obviously will affect the 
result of any survey on the incidence of 
neoplasia. Some of the more important 
factors are age of the group under survey, 
length of period covered by the survey, the 
genetic composition or inJieritaWe tenden- 
cies of the group under survey, and cer- 
tain other factors, as yet unknown, which 
may cause a high incidence of certain 
types of tumors. 

Some forms of neoplasia are mucli more 
common than others. Lymphocytoma is 
recognized generally as the most common 
tumor found in chickens. Collectively the 
other varieties cause much loss, and other 
types of tumors may be a serious problem 
in some flocks of poultry. 

CLASSIFICATION OF NEOPLASMS OF 
CHICKENS 

Many schemes or systems have been 
proposed for the systematic grouping of 


true tumors. A fairly satisUctory system 
of classifying tumors is that which de- 
pends on the type cell from which the 
tumor originates (Table 32.2). Such a 
classilicaiion is based on the embryogene- 
sis and histologic identity of the respec- 
tive cells that make up normal tissues and 
takes cognizance of the fact that tumors 
may arise from any of the distinct varieties 
of cells that are concerned normally in the 
structural or functional welfare of the 
body. One practical difficulty with this 
system of classification is that although 
celts of normal or mature tissues usually 
possess characteristics by which they can 
be recognized readily, unripe or immature 
cells such as make up rapidly growing 
tumors, or those cells representing primi- 
tive tissues, may exhibit so little differenti- 
ation that recognition of the type cell may 
be difficult or impossible. 

TUMORS OF CONNECTIVE TISSUE 

The widespread distribution of the dif- 
ferent connective tissues throughout the 
body provides potential sources for a vari- 
ety of connective tissue tumors. Another 
potential source of connective tissue tu- 
mors ij the free hisciacyte which exists in 
all loose connective tissues. 

Tumors derived from the various con- 
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TABLE 32.2 

CLAsanCATtQH or Nbotlasio or Cmckem 


A. Ben!f^ 

Fibroma 

M)ocoina 

Lipoma 

Osteoma 

Chondroma 

B. Malignant 

Fibrosarcoma 

hlyaosarcoma 

Ltposarcoma 

Osteogenic sarcoma (osteocbon- 
drowcoma) 

Chondrosarcoma 
Histiocytic sarcoma 

C. Specia] forms of connective 
tissue tumors 

Neurogenic sarcoma 

(L Tumors of muscle tissue 
Leiomyoma 
Rhab^myoma 

III. Tumors of blood and lymph chattneb 

Hemangioma 

Lysiphlagiotsa 

IV. 'I\unors of hemoblastic orrgm 

Lymphocytoma 

hlyelocytotna 

Leukosis 


V. Pigmented tumors 
hfelaooma 

VI. Tumors of nerve tissue 
Glioma 

Neuroblastoma 

Retinoblastoma 

Ganglioneuroma 

VII. Tumors of epithelial tissucf 

A. Benign 

Papilloma 

Adenoma 

B. Malignant 

Carcinoma 

C. Special forms of epithelial tumors 

Hypernephroma 
Airhenoblastoma 
Dysgermlnoma 
Granulosa-ccU tumor 

Vllt. Tumors of serous membranes 
.Mesothelioma 

IX. Miaed tumors 
Thymoma 
CarcinMarcoma 
Teratoma 

Dermoid cr*u 

Embryonal nephroma 


iKctivc tissues may be extremely simple 
ill dieir constituents and easily recognired. 
or they may be more or Jc« complex in 
slruaure and difficult to classify with cer- 
tainty. Many variations of structure occur. 
Single benign fibroblastic tumors may be 
associatctl with edema or mucinous sub- 
stances. and it may be diflicult m die lat- 
ter jnsuijce to determine wlieihcr or not 
une is dealing with a simple fibroblastic 
entity associated wiUi mucinous degener' 
aiion or uiih a tumor that is primarily 
mvxuniatouL, The connective tissue tu- 
mors toiU]Kksed of cattilage. fat. or l>onc 
arc ordiiurUy not difficult to rcc<*goi/e if 
niiricini! ilidcrentlalion has rsccmjcd- 
frci^iirnty o/ ccturrcncc. Ccncjally 
»l<aV.jijg. the benign toimecuvc tissue tu- 
mors arc among the rater neoplasms of 
tWckcni. In a sciics of IIS chiclcn tumors 
i.cvclutrvc »if icuLotic lumo/s) tefsorted 
by Giws (lyiOa). only 1 betugn connee- 


use tiuuc tumor ~ a fibroma — was listed. 
Among 2S7 tnniori of diicVens examined 
histologically by Ebcr and Malkc (1032). 
11 bemgn coimcciivc tissue tumors ucrc 
found. These included I myxoma, 5 
fibromas, and 5 lijwinas. Hooglanil (1029). 
of Uttcclu, reported 12 fihromar among 
17C cItkLeti neoplasms. Mo other forms 
of benign connective tissue tumors were 
listed by Hoogland. Eight of Goss's series 
of IIS tumors were fibrosarcomas. In 
Jackson's (I93Ga) series of 203 iicojdasms 
(including lymphocytoma and Icukoiii) 
of clmlcns, 2l malignant contirctise lis 
sue tumors arc lisicd. Tlic different vari- 
eties were as fallows: 7 fibrosarcomas. I 
myxusarcuma. 1 osicodioinliiisatfonia. and 
!5 liutlocylic satcuiuas. fn the series of 
SSI neoplasms of thitinw. ififluilve of 
leuLosir. |«cienie«l by OJv>n and UuUii 
(1912). Uicic v.erc Ifi fibrosaroisaaf. 5 
histiocytic sarcomas. 5 ncuiogciiic sar- 
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comas, 1 osteochondrosarcoma, and 1 
fibrochondrosarcoma. 

As in most oil>er forms of neoplasia of 
die chicken, adequate, precise statistical 
data on the incidence of conncciise tissue 
tumors are not asailabic. In the older 
literature the term “sarcoma” ivas used 
in a rather nonspecific sense, and no at- 
tempt \>zi made to separate the various 
t)pes of sarcomas on ilic basis of tlie type 
cell. Our obsersations and the impressions 
obtained from the reports of others sug- 
gest that the benign connective tissue tu- 
mors occur infrequently and that the 
malignant saricties arc at least of moder- 
ate frequency. 

Sites of occurrence. As may be inferred, 
tumors of connectUe tissue origin may 
anse from any situatten s%here (he pre- 
requisite parent cells occur. Fibromas, 
In>^omas, and lipomas are most likely to 
arise from the integument, \<.hilc simple 
tumors composed of cartilage or bone or 
a mixture of these two tissues may be ex- 
pected to arise from situations where car- 
tilage or bone normally occurs. Certain 
multqrotcrit mcsenchsmal cells may and 
sumciimes do give rise to cariiiagc and 
bone in situations uhcre these tissues or- 
dinarily arc not expected Of the conncc- 
ti»e tisnic {umors. the group designated 


histiocytic sarcoma is capable of the 
widest anatomic distribution. Situations 
in svisich tliis tumor has occurred include 
the wattle, esophagus, subcutis, liver, 
spleen, and ovary. 

Osteogenic sarcomas may arise wherever 
periosteal tissue occurs. 

EQecls on the host. The malignant 
varieties of connective tissue tumors are 
potentially lethal, and the effect on the 
host depends on whether metastasis has 
occurred and what organs are affected. 
One gets the impression that these tumors, 
especially the fibrosarcomas and the histio- 
cytic varieties, grow rapidly, and death or 
extreme debility may ensue relatively soon 
after the disease has become disseminated. 
Most of these tumors produce a progres- 
sive destructive disease that invariably re- 
sults in dc.'iili. 

Gross and microscopic description. Like 
many odier tumors, those derived ftom 
connective tissue elements seldom have 
suRicient distinguishing gross diaracterls- 
tics to make their identification certain. 
Fibromas arc usually circumsaibed, fleshy, 
nodufar or oval masses that may be soft 
or firm (Fig. 32.1). A capsular covering 
usually can be rccogniicd. Myxomas are 
likewise more or less circumscribed and ol 
soft consistency, and tire sfiiny mucinous 



Ih* hMrt. 



chapter 32; NEOPIAST/C DISEASES OF THE CHICKEN 867 


or gelatinous character o£ most specimens 
is evident. A lipoma, being composed 
largely of fat. offers little difficulty in 
recognition. The identifying features of 
benign tumors of cartilage or bone should 
be obvious. 

Gross features that might enable one 
to distinguish malignant connective tissue 
tumors from other malignant growths are 
not to be relied on when an accurate diag- 
nosis is desired. Although signs suggestive 
of malignancy, such as lack of encapsu- 
lation, multiplicity of lesions within the 
same general region, or the presence of 
contiguous implantations or distant meta- 
static growths, usually will permit no 
doubt as to the malignancy of the process, 
specific features that might enable one to 
recognize the specific character of such a 
neoplasm are missing. The diagnosis of 
these tumors, as of most others, must de- 
pend on microscopic examination. 

Special features. One of the most inter- 
esting features of connective tissue tumors 
of the chicken is the transmissibility of 
some forms by filter-passing agents, "^e 
transmissibility of a considerable number 
has been studied, and a huge literature 
has accumulated svhich deals with these 
investigations (Claude and Murphy, 
1933; Foulds, 1934). A variety of such 
agents has been studied. They differ Ironi 
each other both in tire specific form of 
tumor tliey produce and in cemin sero- 
logic characteristics. The existence o 
uUramiaoscopic tumor-producing agents 
suggests the possibility of epidemics o 
neoplasms. Carr (1944) reported no neo- 
plastic disease in diicks hatched from hens 
iliat had recovered from the Rous No. 1 
sarcoma. Yolk of eggs laid by the hens 
contained a substance which neutraliz^ 
the action of the sarcoma agent. Previously 
Carr (1943) had demonstrated persistence 
of tlic neutralizing substances. 
serum of fowls recovered for 1 to - years, 
which were beliesed due to latent virus 
siill in the tissues of the hens. Duran- 
Resnais (1940) reported similar ncutraiu- 
ing subsunccs believed to exist m naiiml 
antibodies in die blood of adult normal 


chickens. Kenzy and Neuzil (1953) found 
such neutralizing antibiodies in 60 per cent 
of serums from flocks with a high incidence 
of lymphomatosis, but such antibodies 
could not be regularly induced with trails- 
missible or nontransmissible lymphoid 
tumor material (Kenzy. 1953). In another 
series, Kenzy et al. (1961) found a rather 
marked variation in the occurrence of 
tumors and prevalence 
neutralizing antibodies in different flocks. 
Usually a low level of tumors was related 
lo a low level o£ antibodies. Duran-Reynals 
e, al (1953) found that citictens recovered 
from and subsequently resistant to a lym- 
phoid tumor were susceptible to implants 
of Rous No. 1 tumor. A good review of 
Oie antibody against tumor virus and 
other inhibiting lactors is given by Bryan 
n9581 and should be consulted by one 

Ssted in these aspect. The RIF facto, 

of Rubin (1960) is regarded by h m as a 
naturally occurring avian leukosis virus 
which will produce resistance against Rous 
sarcoma vims in cultures o£ ^icken em- 
bryo tissue. Rubin et al. (1962) studied a 
lltik with high incidence ot lyinphomamsil 
and found lhat one ot every six hem had 
Dcrsisicnl RIF viremia and regularly in- 
teted their embryos. 1'''“ 
infecied birds had no detectable antibodies 
lo RIF Birds not infecied through the egg 
became infected by contact with those hav- 
ing a viremia and in rum developed a 
rramient viremia lollowed by forma non 
„1 anlibodies to RIF. An etiolog.c relation 
belwcen certain fibrosarcomas and lotd 
leukosis is discussed in the section damb 
inn fowl leukosis. The s.tnation described 
hv Kciuy (1953). o£ a myxosarcoma giving 

rbe m a transmissible lymphoid tumor 

yvith a long incubation period, is unique. 
The diminishing liter ol Rous tumor ncu 
ialUing substances with the serial passage 
o£ Ibe lymphoid lumor in chickens “65“ 
only a partial associalion of ihe lymphoid 
rumor and rbe factor causing ; 

Uation. Some ot ihc traiura.snble connccl 
be lissue tumors ot thickens '''“J'; 
produced expetimcnlally “’ Other s|^m=' 
ol towl. Ham. (1955) has shown that the 
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natural resistance of older turkeys to R.ous 
sarcoma can be overcome if the turkeys are 
given normal chicken blood intravenously 
when they are hatched. This induces a 
state of immunological tolerance. Perhaps 
most spontaneous connective tissue tumors 
of the chicken might prose transmissible if 
all the conditions conducive to success 
could be supplied. Duran-Reynals (1946a) 
was more successful with transplantation 
and demonstration of cell-free agents of sar- 
comas occurring in chickens 5 to 10 months 
of age. Carcinogenic chemicals have pro- 
duced connective tissue tumors in birds 
under proper experimental conditions. 
However, such tumors do not appear trans- 
missible by cell-free agents (Murphy and 
Sturm, I94la. b, Peacock. 1946). Peacock 
(1946) studied the histology of 15 trans- 
plantable. chemically induced sarcomas 
and 3 sarcomas that could be transmitted 
by cell-free agents. He states that slight but 
definitely recognitable dirterences exist be- 
tween tumors induced by chemicals and 
those by cell-free agents. 

The intensive research on agents of 
chicken tumors will continue to provide 
new facts, The vascular lesions produced 
in ducks by a variant of the Rous sarcoma 
agent (Duran-Reynals. 1950), the leukemic 
form of an endothelioma induced by X- 
ray (Oberling ei al., 1953), and the hepa- 
titis observed in chicken embryos with a 
strain of the erythroblastosis agent (Ata- 
nasiu, 1956) indicate that they are' not 
rigidly specific as to tlieir artion. The 
visualization of the agents with electron 
microscopy allows study of their relation 
to structures within cells (Epstein. 1957) 
and die observation of agglutination of 
viral particles by immune serum fBeard 
et al.. 1957). 

Fibroma and fibrosarcoma. A fibroma 
in its simplest form consists of rather adult 
fibroblasts and narrow to wide strands of 
collagen disposed parallel to the longi- 
tudinal axis of the fibroblasts. The fibro- 
blasts vary in size and number according 
to the rate of growth. Fibromas that pro- 
gress slowly show the greatest degree of 


differentiation in that more collagen is 
produced, and die resultant structure 
contains relatively few cells in proportion 
to die collagen present. The less differenti- 
ated forms are more cellular and less firm 
owing to a relatively small amount of 
collagen. In some instances markedly 
edematous regions occur in which the 
fluid causes separation and retrogression 
of the collagen fibrils. The edema in these 
instances should not be confused with the 
mucinous product of myxomatous tumors. 
If infection has occurred because of 
erosions at the surface, various phases of 
inflammation and necrosis may be recog- 
nized. 

The essential features of fibrosarcomas 
are the immaturity of the type cells and 
the aggressive and destructive behavior of 
the neoplastic process (Fig. 32.2). Large, 
irregularly arranged, hypcrchromatic fibro- 
blasts are abundant, and mitosis is com- 
mon. Collagen is present in variable 
amounu but is less abundant than in 
fibroma. Stromal elements, frequently dis- 
posed as irregular septa, may occur, and 
small blood cliannels usually can be recog- 
nized. In rapidly growing specimens, small 
to extensive regions of necrosis are likely 
to occur. Occasionally, widespread edema 
is present, causing considerable separation 
of the fibroblastic components. 

Myxoma and myxosarcoma. Myxomas 
consist of stellate or spindle-shaped cells 
surrounded by a homogeneous, slightly 
basophilic, mucinous matrix. Long cyto- 
plasmic processes may extend from the 
stellate cells and become fused with the 
matrix and collagen fibrils. In the malig- 
nant form of myxoma the mucinous 
matrix is less abundant than in the benign 
form, and the type cells are proportionately 
more numerous and more immature. The 
histogenesis and structure of primary 
myxomatous tumors are closely related to 
those of the fibroblastic tumors, the es- 
sential difference being that in myxoma- 
tous tumors tlie fibroblastic cells are more 
specialized and are capable of producing 
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FIG. 32.2 - Fibroser- 
coma in the my$cula* 
lure of the breost. The 
neoplostic process was 
bilalerol and had me- 
fasfosiied to the lungs. 
X120. 



mudn in addition to the usual products 
such as fibroglia, collagen, and elastic 
fibrils. 

Lipoma. Like other tumors o£ connective 
tissues, those derived from the lipoblasi 
may be composed of adult cells and pre- 
sent the physical appearance of ordinary 
fat tissue, or the immature forms^ of the 
lipoblast may predominate, in which case 
the tumor presents a sarcomatous appear- 
ance. The miaoscopic appearance of 
lipoma is extremely simple. The process 
consists of compactly arranged, moder- 
ately large to extremely large polyhedral 
cells filled to capacity with a large fat 
globule or several small ones. The nucleus 
may be crowded to the periphery of the 
cell and be entirely obscure. The stroma 
consists of narrow strands of connective 
tissue whidi provide support for the blood 
vessels. A thin capsular covering is usually 
evident. Grossly the yellowish, fatty con- 
sistency of lipomas of the chicken strong y 
suggests their true nature. Frozen sections 
stained with scarlet red provide convinc- 
ing evidence of their llpomalous diarac- 
ter. 

Osteoma and osteogenic sarcoma. e 
rarity of these forms of connective tissue 


tumors among chickens has preduded our 
obtaining examples for study. Heim 
£1931) cited the report of one case of 
Wteoroa in the chicken. The brief de- 
scripiions which follow represent a study 
of tumors of bone from animals other than 
fowls. The structure of an osteoma simu- 
lates bone wilh the exception that much 
of the finer histologic detail is lacking. 
The process consists of a diffusely disposed 
acidophilic matrix of osseomucin separated 
at irregular intervals by collections of 
osteoblasts. Lamellae may be recognized, 
and the mimicry may include structures 
comparable to or suggestive of haversian 
canals. Osteogenic sarcomas are usually 
very cellular, infiltrative growths whic* 
destroy the surrounding tissues and readily 
metastasize. The immaturity of the cells 
is usually evident, and mitotic figures are 
commonly numerous. The “Us may be 
spindle-shaped, ovoid, or polyhedral, and 
foreign body giant cells occasionally oc- 
cur. Although an osteogenic tumor is 
usually a highly cellular and fr^uenlly 
a rapidly growing tumor in which im- 
Lwrn Of Jndillercntiated cdl, may com 
sdlutc the bulk ol the ilructure, a lew to 
rmmy cells usually can be found in which 
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sufTident difTerentiation has occurred to 
produce osseoraucin. The finding o£ this 
substance, which has a homogeneous acido- 
philic appearance, is usually sufficient to 
reveal the true character of these tumors. 

Chondroma and chondrosarcoma. Only 
a few cases of simple chondrogenic tumors 
in chickens have been reported (Heim, 
1931). It should be kept in mind that 
cartilage cells are the product of special- 
ized fibroblasts of mesodermal origin, and 
in the early phases of their functional 
differentiation these cells have the appear- 
ance of ordinary mesenchymal cells. By a 
gradual process of transition, adult carti- 
lage cells finally are evolved which pro- 
duce chondromucin in addition to colla- 
gen and elastic fibrils. The adult cartilage 
cell is the end phase of the transition 
process and is not capable of the produc- 
tion of other cartilage cells. These must 
arise from certain fibroblasts that have 
the latent capacity to produce chondro- 
mucin. Chondroma, the benign form of 
these tumors, is characterized micro- 
scopically by a typical and unique struc- 
ture. It consists of groups of two or more 
cartilage cells lying in a homogenous 
matrix of chondromucin. The tumor may 
be separated into lobular compartments 
by strands of fibrous connective tissue. 
The appearance of the rapidly growing 
or sarcomatous variety of cartilaginous 
tumor is more subject to variation than 
is that of the benign form. In the former 
ail gradations in the development of the 
type cell from the most immature phase 
to the fully adult cartilage cell may be 
seen in a single microscopic field. The un- 
differentiated cells are spindle-shaped, 
while those in the zone nearer the adult 
or fully differentiated cartilage cells are 
polymorphic. 

Although, as we have mentioned previ- 
ously, simple chondrogenic or osteogenic 
tumors occur rarely in chickens, connec- 
tive tissue tumors, usually of the malig- 
nant type, occasionally occur in which 
cartilage or bone or both may be present. 
In these instances tumors that are pri- 
marily and predominantly fibrosarcomas 


in structure have within them areas of 
chondrogenic or osteogenic tissue. Tumors 
may be found composed of immature 
fibroblastic connective tissue, cartilage, 
and bone. Such specimens may be desig- 
nated fibrochondroosteosarcoma. Tumors 
composed of immature chondrogenic and 
osteogenic tissues also have been noted 
in chickens. The multipotency of the 
primitive fibroblast accounts for these un- 
usual neoplastic combinations. 

Histiocytic sarcoma. This type of con- 
nective tissue tumor was first desaibed 
adequately and established as a definite 
neoplastic entity by Jackson (1936a). 
Those interested in the histogenesis of 
histiocytic sarcoma as exemplified by the 
so called Rous sarcoma should consult 
McGowan (1928), whose views are, in 
general, in agreement with those of Jack- 
son (1956a). Jackson reported having en- 
countered H cases among 203 cases of 
neoplasia of poultry. 

Perek (1960) reported an outbreak of 
histiocytic sarcomas in a Hock of 600 one- 
year-old hens. During a four-month 
period, 200 died and about 200 had to be 
slaughtered. Tumors of the liver were 
found in 90 per cent tliough the exact 
number examined was not stated. Five of 
six birds carefully examined in the lab- 
oratory had tumors of the liver and in 
some the spleen, kidney, and skin were 
affected. The tumor was transplanted 
Uirough 59 passages and the agent was 
filterable. This was suspected of being aij 
infectious granuloma but bacterologica! 
examinations were negative. 

In our series of 11 cases the ages of the 
birds varied from 35 days to 16 roontM, 
with 7 of them aged 1 year or less. While 
it would appear that histiocytic sarcoma 
may arise from almost any situation in 
the body, the ovary seems to be one of me 
sites of predilection. Other sites in whi^ 
histiocytic sarcoma has occurred include 
esophagus, wattle, breast, pectoral muscle, 
sul^tis, liver, and spleen. Campbel 
(1943) described a case primary in the 
kidney. Other organs, sudi as the lun^, 
gizzard, and heart, also have been involved. 



Chapter 32; NfOPIASfiC DISEASES OF THE CHICKEN 


871 


but involvement of these organs and of 
the serous tissues of the abdomen prob- 
ably represents secondary rather than 
primary manifestations of the neoplasm. 

The gross appearance of histiocytic sar- 
comas is not diagnostically characteristic. 
Encapsulation does not occur. These tu- 
mors are invasive and extend into the sur- 
rounding tissues in a rather diffuse man- 
ner. Those that arise in the ovary may be 
expected to extend to the contiguous tis- 
sues, especially the serosa, and to fuse the 
intestines, mesentery, and pancreas into a 
single unit. One should keep in mind. 
however, that similar spread by implanta- 
tion is rather characteristic of other types 
ot malignant ovarian neoplasia. Distant 
metastasis of histiocytic sarcoma to the 
lungs may occur, and occasionally micro- 
scopic foci may be found in the kidneys. 
The metastatic growths in the lungs are 
often severe, and both lungs may appear 
as solid masses of neoplastic tissue. Ail 
histiocytic sarcomas are potentially malig- 
nant. 

Microscopically, to the inexperienced, 
histiocytic sarcomas are likely to present 
a suucture of confusing complexity. Tliese 
tumors usually appear as a mixture of 


two or more types of cells that, while 
morphologically dissimnar, are in fact 
closely related histogenetically (Fig. 32.3). 
The cells that may be recognised are (1) 
spindle-shaped cells that usually appear 
in groups or bundles somewhat like the 
structure of simple fibrosarcoma; (2) 
stellate reticulum-producing cells (fixed 
histiocytes}; and (3) large phagocytic 
cells or macrophages (free histiocytes), 
the Utter usually showing evidence of their 
functional specificity. In addition, one 
usually can observe numerous transitional 
fortiM, o[ which many are polymorphic. 

Foreign body giant cells are quite often 
present in regions where macrophages are 
numerous. In those instances in which the 
tumor has metastasized, there is usually 
present in the primary situation a greater 
number of spindle-shaped cells than there 
are macrophages or histiocytic forms. In 
metastatic foci the reverse is usually true, 
and macrophages and the primitive histio- 
cytic forms predominate. 

The microscopic diagnosis of histiocytic 
sarcoma is facilitated if the varied char- 
acter of the type cell is kept in mind. The 
cellular constituents vary from spindle- 
shaped elements resembling fibroblasts to 
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FIG. 32.4 — Neurogenic sarcoma opparently 
arising from the dorsal root ganglion of the first 
Ihorocic spinol nerve. 


stellate and polygonal elcmenu of bizarre 
form. A mixed type of structure h often 
the most striking feature of the micro- 
scopic picture. The recognition of the 
various constitutents comprising Uiese so- 
called mixed tumors is suf&cient to dis- 
tinguish their true character. 

Neurogenic sarcoma. Neoplasia of con- 
nective tissue elemenu of peripheral nerve 
trunks has been reported by Jackson 
(ld36a), Olson and Bullis, (1942), and 
Duran-Reynals (1946a). Jackson observed 
such tumors as multiple nodules usually 
associated with the cutaneous nerves. Ol- 
son and Bullis described five cases. In two 
cases the tumor was single, and involved 
the ganglia of the dorsal root of the 
brachial nerve plexus (Fig. 32.4); in one 
case the tumor was found in Isvo widely 
separated nerve trunks; and in the re- 
maining two cases the lesions were not 
localized within the nerve but infiltrated 
die tissues adjacent to the affected nerves. 

The minute structure of die tumors was 
quite similar and consisted of fibroblastic 
elements of low malignancy which showed 
a distinct tendency to assume a whorl-like 
arrangement, sometimes with fissures The 
histogenesis of these tumors is rather ob- 
scure, but it seems probable that they may 
originate from the fibrous sheath of the 
nerves. 

Proper classification of these tumors is 



diflicult. The wliorl-likc formations arc 
similar to multiple neurofibromatosis of 
man, but, except for Jackson's case, the 
localization and invasiseness of Uiese tu- 
mors are dissimilar from die diaracteris- 
tics of neurofibromatosis in human beings. 
A palisading uf nuclei often noted in 
neurogenic sarcoma of human beings was 
not observed in any of the cases in chick- 
ens. 

Alflasiasts and maUgnancy, Since the 
type cell of the benign and malignant 
forms of die connective tissue tumors is 
fundamentally the same, all of these tu- 
mors are potentially malignant. However, 
it is recognized that many grow slowly, 
never invade the surrounding tissues, and 
continue indefinitely as strictly localized 
processes. It is our impression diat in 
chickens the benign forms of connective 
tissue neoplasms occur much less fre- 
quently than those that are malignant. 
The malignant forms are capable of wide- 
spread metastasis with secondary foci oc- 
curring in die visceral organs. The most 
striking metastatic manifestations 3re 
those of the lungs and of the intestinal 
serosa. In the histiocytic sarcoma there is 
some evidence that what may appear to 
^ secondary foci of metastadc origin arc 
in fact independent tumors arising as a 
result of a process that is systemic rather 
than local. 
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Diagnostic characteristics. The features 
that aid in the diagnosis of the connective 
tissue tumors are those associated with 
derivatives of the mesenchyme. The recog- 
nition of intercellular fibrils, reticulum, 
collagen, mucin, cartilage, or bo^e will 
suggest the connective tissue origin of 
these tumors. 

TUMORS OF MUSCLE TISSUE 

Two general classes of tumors of muscle 
tissue are recognized. Tumors of one class, 
known as rhabdomyoblastomas, are com- 
posed of muscle cells that have the in- 
herent ability to produce within the cyto- 
plasm both longitudinal and cross stri- 
ations. Tumors o[ the other dast. desig- 
nated leiomyoblastomas, are composed ol 
smooth muscle cells and their associated 
elements. Tumors o£ either class may be 
benign or malignant. The benign o 
rhabdomyoblastoma is known as rhaMo- 
myoma, the malignant form as rhabdo- 
myosarcoma. Benign leiomyoblastomas are 
designated leiomyomas, while those that 
are malignant are known as leiomyo- 
sarcomas. . .. 

A review of the literature indicates 
definitely that rhabdomyoblastoma i» 
among the rarer forms of neoplasms ol 
chickens. So far as we know, only a few 
cases have been reported. Meyer (Fe 
man, 1932) reported a rhabdomyoma that 
arose in the skeletal musculature of the 
sternum of a chicken. The tumor was 
multiple and consisted of six separate 
masses measuring from 1 to 2 cm. «n 
diameter. They were composed largely ot 
striated muscle fibers, partially separatea 
by strands of connective tissue. On ac- 
count of the mixed character of me 
growth, Meyer designated the tumor 
“fibromyoma striocellulare.’ Anoi er 
of rhabdomyoblastoma was that reportea 
by Peyron and Blier (1927). The tumor 
arose in the region of the hip joint o 
rooster, grew slowly, and 
plantable. Babic (1931) descnbed 
myomas of the pectoral muscle an su 
mental region in a chicken. O son ® 
Bullis (1942) found two cases of neoplas 
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which were diagnosed rhabdomyoma. In 
one bird the tumors were multiple with 
a peculiar bilateral symmetry of occur- 
rence. In the other case a small tumor was 
found in the semitendinosus muscle with 
a secondary nodule on the intestine. In 
the remarks that follow, tumors of smooth 
muscle only are considered. 

Frequency of occurrence. Tumors com- 
posed of the elements of smooth muscle 
are among the commoner neoplasms o 
chickens. In Jackson’s (1936a, p. 43^ 
series of 43 primary tumors of the female 
reproductive system, 15 were leiomyomas. 
Among 384 neoplasms of chickens en- 
c^unrered by Olson and Bullis (1942). 34 
were leiomyomas. Nelson (*546) found 
59 cases in a breeding flock of 1,108 hens, 
all of which were subjected to neaopsy. 

Sites of occurrence. Although leiomyo- 
blastomas may arise from smooth muscle 
wherever the tissue occurs, the vast ma- 
iority of the tumors occur m the ligament 
of the oviduct or in the oviduct proper. 
Other situations in which tumors of 
smooth muscle have occurred include the 
muscular walls of the large and small m- 
icstines. the mesentery, the gizzard, and 

^^'ah unusual case was described by Jack- 
son (1936a. p. 332) in which a mass 
weighing approximately 1 kg. and desig 
naied leiomyoma fibrosum involved the 
ovary. Multiple tumors of similar charac- 
ter affected also the ovarian bursa and the 
proctodeum. In another case mentioned 
by Jackson, a leiomyoma involved the 
ovary and the oviductal ligament. 

Effects on the host. Most tumors com- 
nosed of smooth muscle apparently grow 
ilowly and require considerable lime to 
attain mincient site to intcrlcrc seriously 
wiUi the normal functioning of the in 
volved or adjacent tissues. Since these 
tumors are seldom invasive “ 
locilly. the ultimate elect, if “nj 

may exert on the host r.iU depend 
larrfy on the amount oE mecliamcal m 
tSSence tlieir presence may 
proper Innetioning ol tl>= S 

Thim ot the oviduct and ot Ute broad 
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FIG. 32.5 — A relatively email leiomyoma in 
the meeoeolpinx. 


ligament could conceivably reduce or pre* 
dude egg production. Actually, Olson and 
Bullh found that 18 birds that had leio- 
myoma of the oviduct or the mesosalpinx 
were more than average in egg-laying 
ability. The interval between the last egg 
laid and necropsy varied from 1 to 73 days 
and averaged only 12 days. A causal re- 
lation between a long period of heavy egg 
production and development of leiomyoma 
of the mesosalpinx was suspected by Olson 
and Eullis. Nelson’s (1946) data do not 
indicate a strong familial tendency for the 
disease. Leiomyomas of the intestines or 
other hollow organs might provide ob- 
struction to the free passage of ingesta. If 
the tumor is malignant and secondary 
subserous implantations have occurred, 
ascites may develop. 

Cross and microscopic descripticm. Most 
leiomyoblastomas axe smooth, elongated, 
ovoid, or irregularly spherical tumors. The 
benign forms usually are covered with a 
capsular structure that can be removed 
with difficulty. These tumors are resilient 
and of firm consistency. The size varies 
from 1 cm. or less to large masses several 
centimeters in diameter. They are flesh 
pink to grayish-white, and when they are 
cut across, the structure frequently ap- 



pears distinctly fibrous. Although some 
specimens have a pedunculated form of 
aiuchmeni to the tissues from which they 
arise, in most instances these tumors are 
atudied firmly by a rather broad base or 
over a considerable portion of their struc- 
tures to ihe adjacent tissues (Fig. 32.5). 

Miaoscopically, a typical leiomyoma 
presents a compactly knit structure com- 
posed of neoplastic smooth muscle cells. 
The degree of cellularity varies somewhat 
with the rate of growth, the cells being 
most numerous in those tumors in which 
the rate of growth is accelerated. Groups 
of cells usually are arranged in units of 
bundles which are disposed in every con- 
ceivable direction. The nuclei are ovoid 
or often elongated and contain a consider- 
able amount of granular chromatin. The 
amount of connective tissue present be- 
tween the respective bundles of muscle 
cells is subject to considerable variation. 
In some regions it is unrecognizable, while 
infrequently the fibrous elements may 
equal in amount the muscular tissue. 
Vascular channels are usually numerous. 

In leiomyosarcoma the cells have the 
appearance of immaturity and are more 
numerous than in the slowly growing be- 
nign form. Cells undergoing mitosis are 
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seen frequently, and the invasive tenden- 
cies o£ the process usually can be <lis- 
linguished (Fig. 32.6). _ 

Metastasis. As mentioned previously, tu- 
mors composed o£ smooth muscle Ml s 
seldom malignant, and consequently meta- 
stasis is observed infrequently. ShouW 
metastasis take place, the liver and the 
lungs are the most likely sites of secondary 

Diagnostic charactenstics. Tunwrs that 
arise in intimate association with tissues 
or organs containing smooth muscle ar 
likely to be leiomyoblastomas. This is 
pecially true of tumors of the wall ol ‘j* 
oviduct or of the ventral ligament, me 
presence of smooth muscle cells arranged 
in interlacing strands or ***^tu- 

in a divergent manner is fairly c arac 
tic. In differentiating tumors of smoom 
muscle from certain connective ussue w 
mors, die van Gieson stain may be neip- 
ful. 

TUMORS OF BLOOD AND LYWU’H 
CHANNELS 

General consideration. 
ariv: from the element, of the W<><f 
dte lymph vetsels. Tumot. 
from neoplastic growUi of bloo v 


FIG. 32.6 -Malignant 

leiomyoblastomo (leio- 
myosareomo) of the 
ovidoet of a 2.year- 
old hen. X660. 


channels are called hemangiomas, and 
those from lymph channels, lymphangi- 
omas. DlBerenl types of 
In some instances the ^ 

sels are small and capillarylilce, and *= 
terms "capillary hemangioma ond “pd 
larv lymphangioma" are applicable. In 
other tumors the blood or lymph spaces 
are laree, and "cavernous hetnangioma 
or "cavernous lymphangioma is the ap- 
propriate term. The tumors may he 
hien or malignant. In some hemangio- 
blastomas, particularly those which are 
mSignan , parts of the cellular mass inay 
To. show any evidence of diilerentta.ton 
and may appear similar to a fibroblastic 
Smol The general rharacter of such 
tumors is revealed, .‘l*’ 

dlKerentialcd regions in which distinct 
vSar channels ate formed. Such tumor, 
require careful study for correct .denufi- 

“)“kson (1936a, pp. 12-18) 
the difficulties in connection wiUi the leim 
"endothelioma," which ‘‘“f, 

in connection with tumors of vascular 
dunnels. The lumen of 
neoplastic vascular channels is lined wi n 
spcdalired cells called of 
Whether these are derived fro 
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source as the angioblast forming the ves- 
sel wall or have an independent origin is 
a moot question. \Vhile some tumors have 
been designated simply as endotheliomas, 
their exact character, except in certain 
cases, is extremely vague. Sudi a diagnosis 
might refer to a tumor of the lining cells 
of blood channels. It might refer to a 
tumor of the meninges of the brain or 
spinal cord. It might also refer to a tumor 
arising from the reticuloendothcHum 
which is disseminated so widely in all or- 
gans of die body that die existence of such 
a specialized tissue is not often recognized. 
In actual practice, the term "endotheli- 
oma” usually can be avoided by careful 
study of the material, which enables one 
to arrive at a proper classification. Thus, 
meningeal tumors of this type are properly 
a form of fibroblastic neoplasia. Those of 
the reticulo-endothelial system are more 
properly associated with neoplasia of the 
hemopoietic organs. A tumor of the endo- 
thelium of vessels would be extremely dif- 
ficult to recognize unless there was suf- 
ficient difierendation to form capillaries, 
in which case the origin of the cells would 
be in question and, furthermore, the tu- 
mor probably would be recognized as a 
capillary hemangioma. 

Blood vascular tumors. Frequency of 
occurrence. Tumors of blood vascular liv 
sue appear to be relatively infrequent in 
the chicken as judged by reports in the 
literature. Heim (1931) found 5 cases in 
the literature he reviewed. These included 
4 cases of multiple hemangioma reported 
by Schurman and Pauly, The tumors af- 
fected the skin, musculature, mesentery, 
serosa of the duodenum, kidney, lungs, and 
subcutis of the throat. Darcel and Franks 
(1953) suggest that the disease of the 
skin may be more common than generally 
realized since it is not often the cause of 
death and it may occur as a iamilial angio- 
matoid lesion. Babic (1931) described 4 
cases of hemangioma in chickens. These 
involved the liver in 2 birds and the skin 
and subcutis of the head and the eyelid in 
another chicken. In the fourth case the 
tumor was a cavernous hemangioma on 


die peritoneum. Babic also described an 
3iigiomatous nevus of the wing in a canary. 
Olson and Bullis (1912) found 5 instances 
of hemangioma in a collection of 381 tu- 
mors of chickens. Three were of the 
civernous type, and 2 were capillary 
hemangiomas. Only 2 of die tumors were 
Considered malignant. The liver was af- 
f^ted in 4 of the 5 cases, suggesting a 
predilection of the liver of the chicken 
for the development of hemangiomas. In 
2 cases the tumor in the liver was so small 
diat it easily might have been overlooked. 
Ball (1915) reported a hemangio-endo- 
Uiclioma of the iris in a 2i-weck-old pullet. 

Gross and microscopic description. He- 
m.'ingioblastomas are variable in appear- 
ance according to the type of tumor. The 
••irge cavernous form is characterized by 
gre-itly distended blood spaces whose Hn- 
•hg is a thin wall of endothelial celh 
(tig. 32.7). The distended blood spaces 
often protrude from die ailcctcd organ 
Or tissue. Such tumors are typical in macro- 
scopic appearance. Capillary hemangiomas 
may appear as solid masses of neoplastic 
tissue varying from gray-pink to red. 
^lisiologically, their diaracter is apparent- 
Small capillaries containing blood are the 
Essential features. All gradations between 
the cavernous and capillary forms may 
Occur. Hemangiomas o£ the skin are often 
multiple and may involve the underlying 
musculature (RIonlux and Delaplane, 
1952), and Rigdon (1954) has reported 
spontaneous regression of sudi tumors. 

Lymph vascular tumors. Turnon of the 
lymph vascular elements may possess the 
Same histologic features as those of the 
blood vascular system, except that lymph 
Instead of blood is contained within the 
Spaces formed by the tumor cells. A fen" 
blood cells may be found occasionally m 
the lymph. Macroscopically, milky fluid 
(lymph) may be recognized in the cyst- 
‘ike structures of cavernous lymphangioma 

Very few cases of lymphangioma have 
been described in the chicken. Heim 
(1931) mentioned one case of lymphangi- 
oma of die eyelid in a bird which was 
^ouiul by Teutschlaender. Babic (1931) 
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desCTibed a lyraphangiolipoma of the 
mesenteric serosa in a chicken. Olson and 
BuUis (1942) encountered one case ot 
lymphangioma in svhicli the tumor was 
a pedunculated mass attached to the 
Telaogicctasb. Telangiectasis may U 
considered as a benign form of hemangio- 
blastoma in Mhich a group of blo^ or 
lymph vessels becomes dilated with blood 
or lymph. The patliogencsis of telangiec- 
tasis is not known, and dilferent authors 
ha\e suggested that it is either a congeni- 
tal or a hereditary disease or Uiat it fol- 
lows injury and repair to an organ in 
which the circulation has been disimbcd 
(Ewing. 1928; Feldman. 1932). Telan- 
giectasis may be multiple and capillary 
or cavernous. 

TUMORS OF HEMOBIASTIC ORIGIN 
Lymphocytoma. Definition and 
nofogy. The ncoplasdc lymphocyte i$ me 
type cell ot a caramon tumor of cluckcns 
to whidi Uic simple descriptive term ot 
lymphocytoma may be applied. Many 
oUicr terms have been given to this tumor. 
These include round-cell sarcoma. I)i^ 
phadenoma, lymphocytoniaiosis, 1>^P* 
matosis, lymphatic leukosis. 
leukosis, leukemia, and others. The 
tion of terminology is made somewtui 


FIG. 32.7 — Cavernous 

hemongio-endofheliomo 

of the mesentery. X70- 


diflicult because of the frequent assodation 
of lymphocytoma with fowl paralysis and 
fowl leukosis. This has come about as a 
result of experiments intended to demon- 
strate the transmissibiliiy of these diseases. 
The relationship between lyraphoqtoma 
and fowl paralysis is an unsettled quesuon 
since research has yielded conflicting re- 
sults. The report by Davis and Doyle 
(1947a) provides a concise review of Uic 
literature on this question and shows the 
diverse conclusions reached from attempts 
at experimental transmission cxjienmcnis. 
Sevoi^ el al. (1962) reported an isolate 
from a naturally affected chicken that 
caused neural, ocular, and viscwal lympho- 
matosis in 90 to 100 per cent of mwulaied 
cliickens within two to three weeks For 
die present, cliologic considerations should 
not Tie allowed any jiart in the nomen- 
clature of these diseases. TVe have adopu^ 
die precept of dealing only widi the pach^ 
logic anatomy in assigning names to dicse 

conditions. . , mmt 

fJislo^cnem. The lymphi^ie 
iniiwrunt cell in the aimnal orgamsni 
and has many diverse phyiiologic funo 
lions. Our knowledge of these 
it (ar fiom complete. The 
an mtegral part of the widespread rcticu o 
cndoihclial system. It is normally an 
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stable cell and may assume many different 
forms. Jordan (1936) expressed the be- 
lief that the lymphocyte is a hemoblast 
capable of developing into any type of 
blood cell. According to him the lai^ 
lymphocyte, as found in the circulating 
blood, represents a young cell with the 
foregoing potentialities. The small lym- 
phocyte is a more mature adult cell which 
has lost or outgrown the ability to become 
transformed into other types. The factor 
or factors which govern and direct the 
transformation of lymphocytes into other 
cells are not well understood. 

The histogenesis of lymphocytoma is 
likewise obscure. The orthodox concept 
of neoplasia that a tumor begins as a result 
of a cell or a localized focus of cells as- 
suming a state of neoplasia does not seem 
applicable in the case of lymphocytoma. 
Lymphocytoma appears to be more of a 
systemic disease in which the lymphocytes 
in widely scattered regions become trans- 
formed simultaneously into neoplastic 
cells. This feature of lymphocytoma sug- 
gests the existence of a speaftc stimulus 
which, when applied to lymphocytes in a 
susceptible stage, causes them to become 
capable of the unrestricted growth charac- 
teristic of autonomous proliferation. Lym- 
phocytoma is found more often in certain 
organs rich in lymphoid tissue than in 
others. Although it commonly affects the 
liver, gonad, kidney, and spleen, other 
organs likewise rich in lymphoid tissue, 
such as the marrow, bursa of Fabridus. 
and thymus, are affected less commonly 
This fact suggests that the lymphoid tissue 
in the latter group of organs is in a func- 
tional state different from that in the 
organs first mentioned, rendering it less 
susceptible to the hypothetical stimulus 
for neoplasia. 

Lucas and Oakburg (1950), upon 
studying the lymphoid tissue of the pan- 
aeas, suggested that 1 per cent lymphoid 
tissue in the pancreas be considered evi- 
dence for lymphomatosis. They calculated 
that birds of their experimental material 
required 33 days to develop grossly visible 
tumors and that 90 per cent of the time 


was involved in developing the 1 per cent 
area of lymphoid tissue, after which the 
process developed rapidly. More recently, 
Lucas ei al. (1954) extended this work 
to include the liver and spleen of chickens 
which received a presumed lymphoma- 
tosis agent, A similar reaction was found 
in the liver and spleen but was less sus- 
tained in the liver. These workers have 
developed an intriguing hypothesis in 
ivhich they suggest that lymphoid foci de- 
velop in response to an agent and that 
the infective stage be considered “lympho- 
matosis''; when the lymphoid foci become 
neoplastic and grossly visible the condition 
is in the neoplastic stage and should be 
called lymphocytoma. The results, of fu- 
ture research should confirm or deny this 
interesting hypothesis. 

Structurally, three forms ‘of lymphocy- 
toma may be recognized. These are the 
diffuse, the nodular, and the combined 
diffuse and nodular forms. In the diffuse 
form the affected tissues are infiltrated 
diffusely with neoplastic lymphocytei 
which crowd and replace the parenchy- 
matous tissues of the involved organs. 'The 
nodular form is characterized by a follicu- 
lar arrangement of the tumor cells, which 
are confined by a more or less well-de- 
veloped retaining wall of connective tissue, 
rich in reticulum. The third form of lym- 
phocytoma is a combination of the diffuse 
and the nodular forms. In such cases a 
single organ may show both forms, or one 
organ may be affected with one form and 
other organs with the other form. 

A possible explanation has been sug- 
gested for the existence of tliese diverse 
forms of lymphocytoma (Olson and Bul- 
lis, 1942) based on the hypothesis that 
they develop because of the inherent re- 
sistance on the part of the individual host 
to the growth of the tumor. Thus diffuse 
lymphocytoma develops in birds that have 
little resistance to the growth of the tu- 
mor, and nodular lymphocytoma develops 
in birds which are able to muster consider- 
able resistance. The third form of com- 
bined diffuse and nodular lymphocytoma 
develops in birds that have only a moder- 
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ate degree o£ resistance to growth o£ the 
tumor. Evidence in support o£ this hypo- 
thesis is provided by several facts. Involve- 
ment of fewer organs and less extensive 
damage usually are noted in the nodular 
foim of disease than in the diffuse form. 
Birds affected with the nodular form are 
often emaciated, suggesting a prolongM 
course, whereas the carcass in cases of the 
diffuse form is usually well nourished. 
The response of connective tissue 
nodular form suggests an attempt to limit 
the growth of the tumor. 

Solution of the problem of the causation 
of lymphocytoma is an almost essential 
requirement for developing a sound con- 
ception of the histogenesis of the disease. 
For the present it may be said that lyro- 
phocytoma develops from lymphoid cells 
which arc scattered widely throughout me 
body, but the stimulus or mechanism by 
which the cells become malignant Is yet 
unknown. 

Frequency. Lymphocytoma is without 
question the most common form of n^ 
plasia affecting the domestic chicken. • 
son and BuUii (1942) found 213 of 
lymphocytoma in a collection of 584 tu- 
mors, an incidence of 55.5 per cent. It has 
been recognized by poultry pallm ogis 
that lymphocytomas may be much more 
common in some flocks than m o ^ crs. 
They may be so common as to consutuic 
a serious economic problem in some • 
Experimental results such as were 
by Hutt et al. (1941) suggest that the 
incidence of neoplasia can be contro 
by selective breeding. Since they * ® 
that "approximately 95 per cent o 
deaths atuibuted to neoplasms we« 
caused by lymphomatosis of one n 
another," it is infened dial by , 

breeding lymphocytoma would be atiecicu 
significantly. The exact effect of su* a 
breeding program on Uic mci cnc 
lymphocytoma alone is unforiunaicy 
available, since suiublc data on which to 
draw conclusions are not given. 

A summary report of *5 

' (1917) indicates a marked 

' incidence in Uic pathological mani 


tions classified by these workers as "nec^ 
plasms" in two lines of chickens selected 
for resistance and the susceptible line of 
chickens developed by them. While their 
classification of neoplasms includes all 
varieties of neoplasia and tlie so-called 
neural and ocular forms of lymphomatosis, 
the condition designated lymphocytoma is 
probably affected by sudi a breeding pro- 
eram since it is so commonly encountered 
in chickens. Another factor has been woven 
into ihe fabric of tire thesis on "resistant 
and “susceptible" strains. This is the 
question of exposure to the as yet unde- 
fined "agent of lymphomatosis 
given impetus by Uie reports of Barber 
/iq42 lO'lS'i and considered as a factor 
wo* repomd by (1917). 

Water, (1945, 1954) believed trammis- 
sion through the cp w" 
data which he studied. Cole and Hull 
I195I) came to the opposite conclusion. 
Ctn’esrand Waters‘S (1955 1950) he^ 
licve that hens whidi shed the agent in 
their eggs arc important in «ca«ng a few 
Sef" chicks Uich spread the ,d»e«c 
to other chicks during the brooding pe- 
riod. There is also some evidence to sug- 
eest that parental immunity may also play 
I part in this process (Burmesier et al. 

*^The disease usually affects chickens less 
than a year old. Birds that had 
cytoma in the scries of cases studied by 
Olson and BuUis had an average age of 
about 8/, months. The youngest bird af- 
?.'Sedw.seweeks old and the oldest -s 
*• years of age. It was fonncrly bclicvetl 
ilut males were affected about as often 
as females when one considered tlie dispr^ 
portionaic numbers of male and of 
diickens in the general pof 
lion. The data of Olson and Bulli tend 
to suggest that the male « affected 
lytuphocitoma let. ,,,,1 

female. Bunnester (1915) rcpoiw 
Uie iiiciJcnce ot ^^wupho- 

to indude l,™phocto,n,, 
mittoti.. ,.ul the iritt. 

.tell with ncutolimphomattmi) 
a peat in lemalc at conipaied to mate 
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uninoculaced chickens. Marine and Rosen 
(1940, 1941) noted a rather high inci- 
dence of l)mphoinalosis (which in most 
of their cases appears to be similar to 
l)mphocyloma) in castrated male chick- 
ens. They suggested that an imbalance of 
hormones may have activated a latent 
tumor-producing agent in these birds. A 
higher incidence of lymphomatosis in 
castrated male chickens was also observed 
by Ilurmester and Nelson (1915) whose 
studies showed a similar eilect on castrated 
females. They further reported that ad- 
ministration of a female sex hormone (di- 
cthyhlilbcsirol) lowered the incidence in 
capons but had no effect on intact males. 
Administration of a male sex hormone 
(testosterone propionate) seemed to lower 
the incidence of lymphomatosis in both 
males and females. Burmesier and Nelson 
(1915) suggest that these hormones in- 
acasc the resistance of the bird to lympho- 
matosis. Davis and Doyle (1947a) also 
reported a iiigher incidence of vlKcral 
lymphomatosis in females and capons 
than in intact male chickens. 

Anatomic situation. Lymphocytoma 
may affect nearly every organ or tissue in 
Uie diickcn, and in a given case usually 
more titan one organ or tissue is affected. 

In a series of 213 cases of lymphocy- 
toma (Olson and BullU, 1942) there were 
only 31 instances in which die disease was 
confined to a single organ or tissue. The 
User, spleen, kidney, and gonad were the 
organs most commonly found to be af- 
fected. Nineteen different organs or tissues, 
exclusive of nerves and the circulating 
blood, were found to be involved with the 
disease, in this scries die different combi- 
nations of organs or tissues that might be 
affected with lymphocytoma were studied. 
The great variation of the manner in 
whidt lymphocytoma may express itself 
is indicated by the fact that 152 different 
combinations were found. The more fre- 
quent of these combinations were as fol- 
lows: ovary alone (10 cases); liver, spleen, 
kidney, gonad, and marrow (7 cases); 
liver, spleen, and kidney (7 cases); Ihcr 
and spleen (5 cases); peritoneum alone (5 


cases). The histologic form of the 
disease appears to be a determining factor 
with respect to the number of organs or 
tissues involved. The diffuse and the com- 
bined nodular and diffuse forms tend to 
be more widespread and affect more or- 
gans than does the nodular form. 

In view of the tendency of lympho- 
cytoma to become widely disseminated, it 
is logical to assume that nerve tissue may 
be affected with the disease. In 83 of the 
213 cases of lymphocytoma studied by 
Olson and Bullis (1942^, deposits of neo- 
plastic lymphoid tissue were found in the 
peripheral nerves. The amount of tumor 
tissue varied from a localized, lightly in- 
filtrated region to complete replacement 
of the nerve tissue and marked enlarge- 
ment of the affected nerve. The presence 
of such deposits of lymphoid tissue associ- 
ated with peripheral nerves raises the 
question whether they represent foci of 
lymphocytoma or are an expression of the 
disease known as fowl paralysis. The le- 
sions of the nerves in fowl paralysis have 
been described as either inflammatory or 
neoplastic. When inflammatory, the 
sions consist of polyblastic infiltration 
(lymphocytes, histiocytes, and plasma 
cells) often associated with the prolifer- 
ation of the cells of the sheath of Schwann 
and degeneration of neurons in the 
ganglia. The neoplastic lesions differ from 
the inflammatory lesions in that the infil- 
trating lymphoid cells have a definitely 
neoplastic character, are multiplying ac- 
tively, and may be so aggressive as to re- 
place almost entirely the nerve elements 
wiibiji. '.bn. 'bft.vJ?.. Tb/t ’pr/iccss 

may penetrate the nerve sheath and in- 
filtrate the adjacent surrounding tissue. 
Separation of the lesions into two such 
groups is complicated by those cases in 
whiA both types of lesions are found. 
Wight (1962) classified three histological 
types of lesions in 100 cases of fowl paraly- 
sis. Marked neoplastic changes were pre** 
eni in only 1 1 cases. Edema was the prc* 
dominant change in affected nerves of 3n 
inbred stock of Brown Leghorns and in- 
filtration with lymphocyte and plasma cells 
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ihe principal change in cases from several 
other sources. 

Involvement of the nerves in some cases 
of lymphocytoma is obviously due to the 
penetration of the nerve sheath from 
without by neoplastic lymphoid tissue. 
However, those instances of lymphocy- 
toma in which neoplastic lymphoid tissue 
is found in nerves at a site removed from 
other tissues affected with lymphocytoma 
constitute a difficult problem in interpre- 
tation. They may represent metastasis of 
the tumor from a primary focus situated 
elsewhere. The tumors may have de- 
veloped in the nerve in response to a 
hypothetical causative agent of lympho- 
qtoma. They may be lesions of fowl 
paralysis existing coincidentally with lym- 
phocytoraa. On the other hand, one may 
assume that a single agent is responsible 
for both fowl paralysis and lymphocytoma 
and that the type of response to the agent 
depends on factors as yet unknown. A 
final solution of this question must await 
the solution of the problem of causation. 

Ejects on the host. Lymphocytoma is 
usually considered to be a fatal disease. 
While this may be generally true, an 
affected bird may recover. In our material 
two such cases have been noted in which 
the birds had multiple tumors of the skin. 
Diagnosis of the disease was made by 
biopsy and histologic examination of rep 
resentative cutaneous lesions. The birds 
were held under observation for several 
weeks, and the remaining tumors of the 
skin disappeared. A similar regression ol 
a tumor in a visceral organ can 
Davis and Doyle (1947b) have report^ 
a study of monthly liver biopsies on w 
chickens done over a lO-monA period 
Some of the birds had been inoculated 
with material from a case of spontaneous 
visceral lymphomatosis, and others wctc 
uninoculated controls. These inter«ting 
data showed that fatal cases of the dise^ 
developed very rapidly. For sample, 
biopsy material was normal in birds that 
died with lymphomatosis 3 to 4 weeks 
after biopsy. In some instances, lesions of 
the liver characteristic of lymphomatosis 


were observed in biopsy material, and the 
lesions later disappeared, indicatmg re- 
covery from the disease. Sc. Louis en- 
cephalitis virus has an oncolytic action on 
a transplantable lymphoid tumor in which 
the agent can multiply in the tumor but 
does not destroy cells. Changes do occur 
which are believed either to render the 
cells more susceptible to phagocytosis or 
to increase their ability to stimulate the 
defense mechanism of the host (Love and 


Sharpless. 1954). 

There are no specific or pathognomonic 
symptoms displayed by birds affected with 
lUphocytoma. In many instances birds 
under relatively close observation may die 
from the disease without indication of il 
health. In most cases, signs of a general 
dhlutbancE of physical heallh arc evident 
tor a variable period preceding death. 
These signs are Ustlessness, inappetence, 
ruSling of the teathers, and general de- 
pression. An agected bird is often finl 
noted to be standing in droopy altitude 
with its eyes closed and with an 
tent shaking of the head as Ihough the 
sensotium were befogged. The 
the lesions may provoke distinctive signs 
referable to their situation. For example, 
tumors of the skin or musculature cause 
localiied swelling. Involvement of the di- 
ueslive tract may cause either diarrhea or 
Lstipalion, and involvement of a nerve 
may cause paralysis of the part supphe 
by the nerve. Palpation of the abdomen 
may reveal displacement of the viscera 
due to an enlarged liver. Emaciation will 
develop in cases of long standing whi* 
arc usually due to the nodular form ol 

’’’oto ^riiuiiis (1942) “If';; 

on the egg production of 15 birds that die 
o?lym^oStoma. These birds were con- 

sidered average to ^^“^^herTapid 

erage producers of eggs. The rath p 

couise’^of lymphocytoma IS 

the finding of a relatively short mterva 
Sween cLation of egg “f. 

the deadi ol Ihe birds^ This period aver 
aged SB days and varied tom ‘‘J,, 

Olson and Dukes (lyao^ 
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the basal metabolic rates of two chickens 
aSected with lymphocytoma were greatly 
increased over the normal level. Jn this 
respect these cases of lymphocytoma of the 
chicken were similar to neoplastic diseases 
of the lymphoid cell system as encountered 
in human beings. The rate of basal me- 
tabolism should be studied in more cases 
of die disease, and if it is found that an 
increase is a constant feature, the result 
might possibly explain the rapid wasting 
and emaciation associated with the more 
chronic form of lymphocytoma. 

Gross and mieroscoptc description. Or- 
gans or tissues aSected with lymphocytoma 
have a gross appearance which varies witli 
the extent of infiltration and the character 
of the process. Organs, which on gross 
examination appear normal, may contain 
neoplastic foci when examined micro- 
scopically. The characteristic color of neo- 
plastic lymphoid tissue is gray-white, and 
the tissue may have a red tint in the more 
highly vascular areas. Neaosis of the tu- 
mor substance is not observed commonly 
but may develop in regions of the tumor 
in which the blood supply has been re- 
duced by occlusion of ±e vessels either 
from pressure or from the infiltrative 
growdi of (he neoplasm. 

As mentioned previously, the growth 


may be diffuse or nodular or a combi- 
nation of the two. In diffuse lymphocy- 
toma the affected organs are enlarged uni- 
formly, and the color of the organs may 
change until it resembles the gray-white 
of the tumor. The extent of enlargement 
and the degree of change of color depend 
on the amount of tumor tissue present. 
Organs severely affected and in which 
there is much replacement of the paren- 
chyma are quite soft. In nodular lympho- 
cytoma the neoplastic tissue has a well- 
developed supporting framework of con- 
nective tissue svhidi adds much to the 
firmness of the tumor. Affected organs con- 
tain nodular' gray-white masses whose 
margins are disaete and sharply defined. 
The nodules may almost completely re- 
place the parencliyma of an organ, re- 
ducing the latter to narrow bands com- 
pressed between Uie masses of tumor (Fig. 
32.8). In some cases of nodular Ijinpho- 
cyioma, the tumor may be distributed 
throughout Uie affected organ and re- 
semble the diffuse form of the disease. 
Such cases can be recognized by the firmer 
consistency of die tumor and its histologic 
appearance. Fairly frequently the tumor 
may erode the walls of the blood vessels 
and cause hemorrhage. Fatal hemorrhage 
into the peritoneal cavity may occur from 



chapter 32: NEOPlASTiC DJSEA5ES Of THE CH/CKEN 



rupture o£ the taut capsule of organs 
greatly enlarged from growth of the neo- 
plasms. Such hemorrhages are noted most 
often from the liver and spleen. _ 
Microscopically, the tumor consists ol 
masses of proliferating neoplastic lym- 
phoid cells situated exiravascularly (Hg- 
32.9). The foci of cells tend to develop 
most rapidly in the immediate vianity ol 
blood vessels. The cells of the tumor are 
quite uniform and comparable in siw to 
the large lymphocyte or monocyte of the 
circulating blood. They tend to be splien- 
cal. aldiough in the denser parts ot Uic 
tumor iliey are so compact that die shape 
either cannot be distinguished or is dis- 
torted. The cytoplasm is relatively scant, 
is wiiliout specific granulation, and stams 
faintly blue with hematoxylin and 
The nucleus is relatively large and has a 
vesicular appearance. The chromaim i 
arranged as an irregular band at the im 
clear margin and in small clumps in m 
nucleoplasm. One or two distinct nuc co i 
arc usually present. Mitotic fibres “ 
commonly found. A fine roeslivvor ' 
reticulum enclosing small groups o 
cells can be demonstrated by appropriate 

histologic procedures. 

In the diflusc form of lymphocyio^. 
the infiltration of the tumor between 


FIG. 32.9 — Nodular 
type of lymphoeyfoma, 
liver of a chicken. The 
multiple aggregates of 
neoplastic cells have 
characteristlcolly re- 
placed most of the 
parenchyma, leaving 
thin strands of hepatic 
cells and vascular chan- 
nels. X2S. 


parmchymulou, cell, cl an affected n^an 
appear, to proceed vntlrout the ,hghte,t 
repaint. A, the di,ea,e proBre„u, the 
tumor cell, despoy and replace the noraial 
cell, ot the organ. Thi, procep may con- 
tinue until the affected organ I, almo, 
completely converted into a solid maw ol 
tumorous tissue. , 

In nodular lymphocytoma a marked re- 
sponse of connecuve tissue accompanies 
the proliferation of neoplastic lymphoid 
rells The connective tissue surrounds and 
isolate, clump, of tumor torm.ug 

a sort of capsular wall. These foci of 
tumor cells may be small and isolated, 
but more often they are contiguous to 
other such foci. Someumes several such 
loci KCm to merge with one anothep 
totmiug larger masu:, tupounded by a 
thicker^ trail ot connective tissue. The 
ftbroblastic componenu ot the “""“"r 
'tissue trail are not 

soom to be the response ot the host at 
iiTnotinz to delimit the growili of the 
S? muter than a part ot the tumor 

iuelt. Cases ol lymphocytoma occur in 

uhidi boil, the nodular and die d ffuie 
tonn ot the disease may be tound in 
Sr the same organ or different organ, 
rtf ihe same animal. 

Ssionally. the cells ol lymphocytoma 
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may eitJier erode or infiltrate into the 
lumina of blood vessels and thereby enter 
the circulation in numbers sufficient to 
be mistaken for a leukemic state, but this 
process is distinctly different from that 
leading to true leukemia. It should be re- 
garded rather as an embolic phenomenon. 

In addition to such emboli of tumor 


cells, changes of the blood picture may be 
found occasionally in lymphocytoma. 
These aic of a secondary nature. Foci of 
lymphocytoma are found fairly frequently 
in the bone mariow where they may dis- 
rupt normal hemopoiesis by mechanical 
means. For example, they may replace 
sufficient mvtioid tissue to lead to a state 
of iiisuificiency, causing anemia and leuko- 
penia. They may also mechanically dis- 
lodge unripe cells from the marrow, forc- 
ing them into the circulation. 

The cellular changes of the circulating 
blood in birds suffering from lymphocy- 
toma have not received adequate atten- 
tion. Part of this neglect is due to the dif- 
ficulty of detecting cases sufficiendy early 
so that the changes might be studied dur- 
ing the development of the disease. Several 
autliora have made blood smear exami- 
nations of such cases at varying intervals 
preceding deaUi, but their main objective 
s«s a seardi for pathologic ceUs in die 
blood rather than a study of variations of 
the cells normally present. 

A fairly complete study was made of 
die blood m one of our cases, a lymphoid 
tumor which later was demonstrated to be 
transplantable (Olson. 1941). AllhouRh 
m dm case the tumor has not been desie- 
nated as lymphocytoma because of its 
transplantable nature, other features are 
su^ as would cause it to be considered as 
a lymphocytoma. These change, i„ ihc 
bW were observed during the 25-dav 
period preceding death of die bird and 
may be sumniarired briefly as follows- 
Erythrocytes, hemoglobin, thrombocytes, 
eosinophils, and basophils were onK 
slightly affected. The number of hetenJ 
phils, lymphocytes, and monocyte, fluciu 
ated widely and approached normal lev-eh 
only near die terminal stage of the dfo 


ease. The severity of the involvement of 
the bone marrow did not seem sufficient to 
explain the variations observed. It seems 
probable that the disease in this instance 
was associated with the production of 
noxious materials which were responsible 
for the increase of the numbers of hetero- 
phils, lymphocytes, and monocytes. 

Extension. The aggressive nature of 
lymphocytoma is revealed in many cases 
by the extensive lesions in markedly en- 
larged organs. As stated previously in the 
section on histogenesis, lymphocytoma is 
probably a systemic disease in which the 
process is initiated in several sites at the 
same time. Extension of the disease by 
direct spread from one tissue to anoiher 
is illustrated by those cases in which the 
peritoneum is involved. The peritoneum 
may become affected by extension of the 
disease from the ovary, and the intestine 
may be involved in turn from the pre- 
viously affected peritoneum. Further ex- 
amples of such extension of the disease 
require only examination and study o* 
material that comes to necropsy. Altlwugb 
emboli of tumor cells may be demonstrable 
in the blood vessels, acceptable evidence 
of true metastasis is difficult to obtain. 

In this connection it is pertinent w 
mention a few unsuccessful attempts at 
autoplastic transplantation of lymphoc- 
toma. In these experiments (Olson ana 
Dukes, 1938) bits of skin tumor 
transplanted into the subcutis and mus- 
culature of the birds from which the tis- 
sue was obtained for biopsy. Although 
only a few trials were made, in each case 
the implants failed to develop despite con- 
tinued growth of the original skin tumorv 
Failure of such autotransplants rnay 
due to concomitant immunity such as 
played by a transplantable lymphoid lu 
mor in which the immunity developed 
to 15 days after the initial graft protect 
the bird against subsequent grafts e'cn 
though the original graft continued t 
grow (Olson. 1915). These experiment 
bear on the question of metastasis for cm)' 
surest that metastasis may be of rare << 
currence in lymphocytoma. This "0“ 
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lead lo the conception that extension o£ 
the disease is largely a matter of direct 
spread from one organ or tissue to another 
rather than of circulatory metastasis. 

Diagnos/ic ckaracteristics. With an ade- 
quate knowledge of the fundamental 
pathologic dianges, it is usually a rela- 
th ely simple task to differentiate lympho- 
cytoma from other diseases. Myelocytoma, 
leukosis, fibrosarcoma, epithelioblastoma, 
and some types of granulomatous processes 
are conditions which should be con- 
sidered in arriving at a differendal diag- 
nosis of lymphocytoma. General features 
which may serve as a guide in distinguish- 
ing between these diseases are set forth in 
Table 32.3. Other less common tumors 
may cause confusion in the differential 
diagnosis of lymphocytoma: histiocytic 
sarcoma is a good example. 

Special features. In the older literature, 
one will encounter the term "round cell 
Sarcoma’’ with surprising regularity. While 
such a term is descriptive of the shape of 
cells found in such cases, it does not give 
any information on the histogenesis of the 
tumor. Heim (1931) made a thorough 
review of the literature on neoplasia of 
the chicken and, in addition to discussing 
"round cell sarcoma" of the connective 
tissue, devoted another section of his re- 
port to '‘round cell tumors of unknown 
genesis." This latter group was subdivided 
further into a “large celled” form and a 
“small celled" form. No doubt examples 
of what we today call Ijmphocytoma were 
included in both categories, as well as 
ViwtTOcytic sarcoma and perhaps other 
types of tumor. 

The relation between spontaneous lyn>- 
phocytoma and experimentally transmis- 
sible neoplasms of lymphoid cells is not 
well understood. Furih (1935) expressed 
the belief that the disease produced by 
die "Strain 2" tumor-producing agent 
studied by him is rare as a spontaneous 
disease of chickens and dissimilar from 
the commonly occurring lymphocytoma. 
Both Bcntimalli (1941) and Olson (1911) 
have found a spontaneous lymphoid tu- 
mor (li.nt was transplanuble to experimen- 


tal diidtens. The original cases of both pos- 
sessed features tvhich would permit them 
to be classified as lymphocytoma, and the 
principal reason for not doing so was that 
traiisplantabificy had not been demon- 
strated as a characteristic feature of lym- 
phocyioma (Olson, 1940, 1942, 1947; 

Engelbreth-Holm, 1942; Duran-Reynals, 
1946b). 

Burmester and Prickett (1945) de- 
scribed strains of transplantable lymphoid 
tumors similar and apparently immuno- 
It^ically related (Burmester and fielding, 
1947) to the lymphoid tumor reported by 
Olson (1941). Burmester (1947) reports 
variation in the reaction of chickens to 
cell-free material from birds bearing dif- 
ferent transplantable strains of lymphoid 
tumor. Brewer and Brownstein (1946) 
Slate that "lymphomaious" liver and 
spleen material from several birds pro- 
duced visceral lymphomatosis in young 
chicks. Details are given on only one 
strain which was infective with fresh af- 
fected tissues by feeding and simultaneous 
instillation in the eye and nose as well as 
subcutaneous inoculation. This tumor 
does not appear lo be characterized by a 
definite rate of growth. Davis and Doyle 
(1947a) describe transmission of visceral 
lymphomatosis with a slower rale of 
growth than that observed with the lym- 
phoid tumor by Olson. These transplant- 
able lymphoid tumors and cases of visceral 
lymphomatosis had no predilection for 
growth in nerve tissue. 

Burmester et a[, (1947, 1957} reported 
that vheeta^ kymphomalostj and tnteo- 
petrosis could be induced in chickens by 
filtered material from a lymphoid tumor 
(KPL 1^ which, when maintained by 
tissue transplantation, caused only lym- 
phoid tumors (Olson, 1911). Similar re- 
sults were obtained with filtrates from 
some; but not all. of the transmissible 
lymphomatous tumors originating in 
chickens of the laboratory flock (Burmes- 
ter, 1917). In addition, visceral lympho- 
matosis occurred in chickens whicli re- 
ceived ccII-frce inoculums prepared from 
normal-appearing liver of embryonating 
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eggs, incubator debris, washings from the 
oral cavity and respiratory tract, and ex- 
tracts of feces obtained from chickens of 
the laboratory flock (Burmester et at., 
1955; Burmester and Waters, 1955; Bur- 
mester, 1956). The disease also developed 
in chickens reared in direct contact with 
penmates that had been inoculated with 
the filtered material from Strain RPL 12. 
Burmester (1952) recognized several 
pathologic entities in the inoculated chick- 
ens. One response was death from visceral 
lymphomatosis, after a latent period of 
more than 3 to 4 months, characterized 
by an extravascular accumulation of neo- 
plastic lymphoid elements in one or more 
visceral organs. Another response was the 
occurrence of an intravascular process with 
features resembling erythroblastic leuko- 
sis, and a few chickens had in addition 
fibrosarcomas and hemangioendotheliomas 
(Burmester, 1952). The intravascular 
process became more common after the 
causative agent or agents had been propa- 
gated in chickens for several generations 
as cell-free material, and now Burmester 
ft al. (1959) recognize the process as 
erythroblastic leukosis. Olson and Roun- 
tree (1957) inoculated chickens with fil- 
trate of Strain RPL 12 (obtained from 
Burmester) and only erythroblastic leuko- 
sis developed in the 15 weeks of the ex- 
periment. In addition, osteopetrosis oc- 
curred in chickens designated Line 15, ob- 
tained from Burmester, but not in an un- 
related stock also in the experiment. The 
erythroblastic leukosis was characterized 
by neoplasia of the more immature ted 
ceils in the sinusoids of the marrow with 
leukostasis in the liver and spleen. Anemia 
was not marked, and death was probably 
the result of hepatic insufficiency, Bur- 
mester and Gentry (1956) report^ that 
large doses of cell-free lymphomatosis ma- 
terial resulted in a high proportion of the 
intravascular syndrome (erythroblastic 
leukosis) which caused death early; 
whereas, low doses resulted in a high pro- 
portion of the extravascular lymphoma- 
tosis with death generally occurring after 
4 months. It was suggested (Burmester, 


1952) that the former may be the acute 
and the latter the chronic expression of 
the same disease, although the possibility 
that they were caused by different viruses 
was also pointed out. Burmester and Wal- 
ter (1961) obtained some cases of visceral 
lymphomatosis in their Line 15 I chickem 
inoculated with Rous sarcoma virus indi- 
cating its relation to the disease. Rubin 
and Vogt (1962) obtained an avian leukosis 
virus from stocks of Rous sarcoma virus 
which interferes with infection and clone 
formation of Rous virus in tissue cultures. 

The association of spontaneous lympho- 
cyioma with fowl paralysis is a feature 
still deserving of special attention. Some 
comments concerning this question have 
been made in this section, and other com- 
raenis may be found in the chapter en- 
titled "The Avian Leukosis Complex." 

Myelocyioaia. The term ‘'myelocytoma'' 
was first applied to this disease by PenU- 
mail! (1915) who described two cases. 
Ellermann (1929) recognized the condi- 
tion in the course of his work with leuko- 
sis and called the disease aleukemic my- 
elosis. ^^athews (i929b) gave an excellent 
description of the disease under the term 
"leukochloroma." Since the myelocyte is 
the type cell of (he tumor, the terra 
"myelocytoma’* seems fitting. Myelocytoma 
is a neoplastic disease of myelocytes and 
may affect almost any tissue in the body. 

Histogenesis. The myelocyte may be 
recognized readily as the type ceil of 
myelocytoma, but the source of the tumor 
cells is an unsettled question. Cells which 
are morphologically similar to those of 
myelocytoma may be found in the bone 
marrow and in foci of extramedullary 
myelopoiesis of normal chickens. These 
represent normal metamyelocytes and 
myelocytes, which are immature acido- 
pliilic granulocytes. Two types of adeJo- 
philic granulocytes are found in the blood 
and the hemopoietic organs of the chick- 
en. The more numerous are called hetero- 
philic leukocytes and fulfill a function 
similar to that of heterophilic or neutro- 
philic leukocytes of mammals. The other 
type is the true eosinophilic leukocyte of 
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mammals. Although ordinarily the adult 
heterophilic leukocyte of the chicken ran- 
tains in its cytoplasm spindle-shaped acido- 
philic granules, the same granules are 
spherical at certain stages of their de- 
velopment. The granules of the eosino- 
philic leukocyte are likewise spherical in 
the early stages of their development and 
remain so in the adult cell. Thus it is 
obvious that while the two types of leuko- 
cytes may be differentiated readily by the 
shape of the granules when adult in form, 
there are no reliable criteria for distin- 
guishing between these cells in their im- 
mature stages of development. Although 
there are other features by which the two 
forms of adult cells may be separated, 
these features do not become apparent 
except in the later stages of development 
and are lacking in the type cell of royelo- 
cytoma. 

During embryonal life, the mesenchyme 
in parts of the body other than the l»ne 
marrow acts as a hemopoietic tissue. This 
function subsides and at the time of hatch- 
ing and afterward is almost entirely taken 
over by the bone marrow. The ability of 
tissue other than bone marrow to produce 
myelocytes is not entirely lost in postnatal 
existence. Foci of such cells developing in 
the periportal regions of the liver and in 
the th)mus are encountered fairly fre- 
quently. The cells of a myelocytoma may 
arise from any or all of these potential 
sources. 

The tendency for myelocytoma to in- 
volve many tissues or organs makes it dif- 
ficult to determine whether the disease 
arises from a single primary focus or b an 
expression of a systemic disturbance. 
Mathews expressed the opinion that the 
disease was primary in the bone marrow 
and metastasized from there to the other 
sites in which the tumor was found. This 
opinion is hardly tenable in view of the 
possibility for the origin of myelocytoma 
in other tissues where a potential source 
of myelocytes exists. 

Frequency, hfathews {1929b) men- 
tioned two flocks of chickens in which 
myelocytoma appeared as an enzootic. In 


one flock the losses from the disease were 
estimated to be 20 per cent and in the 
other flock 10 per cent. Although Ae 
flocks were small and not all birds that died 
were examined, this tendency of myelo- 
cytoma was well illustrated. Usually, how- 
ever, myelocytoma is a sporadic disease in 
a flocL Thirty-six of the cases collected by 
Kfathews were found during necropsy of 
3,938 birds, an incidence of 0.91 per cent. 
Olson and Bullis (1942) found 17 cases 
of the disease during the examination of 
2,304 birds, an incidence of 0.74 per cent. 

The age of birds affected with myelo- 
cytoma is usually less than 1 year. Mathews 
(1929b) found most of his cases during 
the winter months of November, Decem- 
ber, and January but expressed the belief 
that the factor of age was responsible for 
this apparent seasonal effect. Olson and 
Bullis (1942) found the incidence of 
myelocytoma in each of the 4 quarters of 
the year to be the same when the factor 
of age was considered. 

Mathews noted the disease to be com- 
mon in chickens of the Barred Plymouth 
Rock breed. The data of Olson and Bullis 
suggest a greater frequency of myelocy- 
loma in Barred Plymouth Rock chickens 
than in Rhode Island Red birds. 

Anatomic situations. Study of the dis- 
tribution of lesions of myelocytoma indi- 
cates that nearly any tissue or organ of 
the body may be affected with the tumor. 
A notable feature is the tendency for 
myelocytomas to develop on the surface 
of bones in intimate association with the 
periosteum. These may be sheetlike or 
nodular masses and frequently assume a 
peculiar, bilaterally symmetrical aspect. 
Such bilaterally symmetrical deposits often 
are found affecting the periosteum of the 
ventral portion of the keel bone and of the 
ribs. There seems to be a predisposition 
for the tumor to collect near cartilage a 
the costochondral junctions of the n s 
and about the annular cartilaginous rings 
of the trachea. In some cases the tumor u 
disposed irregularly about the bodies o 
the vertebrae, especially in the lurn o- 
sacral region. Oberling and Guerin 
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(1934b) described four such cases. Math- 
ews found similar cases in which the tu- 
mor liad infiltrated the bone, caused pres- 
sure on the spinal cord, and led to 
paralytic symptoms of transverse myelitis. 
Although myelocytoma tends to develop 
on the surface of the keel bones, ribs, ver- 
tebrae, and sometimes the flat bones of 
the skull, a similar involvement of the 
long bones of the legs and wings is in- 
frequent. 

The liver, spleen, ovary, and bone mar- 
row, in addition to subperiosteal tissues, 
are affected tvith the neoplasm in most 
cases. Other organs and tissues are in- 
volved less frequently, although there is 
perhaps no tissue or organ which may be 
regarded as resistant to invasion by the 
tumor. 

ESecU on the host Chickens coming to 
neaopsy with myelocytoma are usually in 
a fair state of nutrition, suggesting either 
that the course of (he disease is relatively 
rapid or that the disease has but little 
effect on Ute host. The former would ap- 
pear more logical since the tumor itself 
has a distinctly malignant character and 
appears capable of rapid growth. In a few 
cases in which data on egg production 
were available, the period between ces- 
sation of egg production and death was 
short (average of 21 days in three cases). 
Matliews mentioned that die clinical 
symptoms of a slight indisposition ob- 
served in most cases did not exist for more 
than a week preceding death and that 
sudden death ii'ithout noticeable symp- 
toms sometimes occurred. Mathews also 
observed symptoms of transverse myelitis 
in two cases. 

Relatively rare cases occur in whicli the 
tumor masses can be detected on exami- 
nation of die exterior of the bird eillier 
about the head or about die sternum. 

Gross and microscopic description. Mye- 
Ioc>’ioraa has a cliaracterisiic appearance 
which is not likely to be confused with 
that of any other neoplastic tissue. The 
color IS dull white. The tissue is soft and 
tends 10 be somewhat friable. In some 
instances die vascular bed of the tumor 


masses may be congested, contributing a 
distinct pink cast to the color. An irregu- 
lar infiltrative growth is typical of myelo- 
cytoma. and while localized masses may 
be found near bones, the growth in or- 
gans, as the liver, spleen, kidney, and lung, 
is usually diffuse. The liver, spleen, and 
kidneys, when affected with myelocytoma, 
become enlarged. However, the hyper- 
trophy of these organs is not as marked as 
is commonly true in lymphocytoma. 

The lesions of myelocytoma consist of 
infiltration with monotonously unvarying 
myelocytes. These cells, as previously men- 
tioned, are similar to normal myelocytes 
found in the bone marrow and ectopic 
foci of myelopoiesis. Their nuclei are 
large, vesicular, and usually eccentric in 
position and tend to be round or oval in 
outline, although often their shape is dis- 
torted by compression. A distinct nucle- 
olus is commonly present. The cytoplasm 
is filled with acidophilic granules so tightly 
packed that their shape cannot often be 
distinguished, and although the granules 
are usually spherical, spindle-shaped gran- 
ules may be noted in some cells. Imprint 
preparations made by touching a glass 
slide to the cut surface of fresh tumor 
material can be stained with a polychrome 
blood stain after drying in the air. Such 
a preparation may be compared ivith simi- 
lar ones made of the blood or bone mar- 
row. With such a slain the large nuclei 
have a very fine arrangement of the 
chromatin and parachromatin, and the 
cytoplasmic granules, while predominantly 
acidophilic, are occasionally basic in re- 
action. These basic-staining granules rep- 
resent a pre-acidophilic stage and later 
become addophilic. 

The myeloid tissue of the bone marrow 
becomes converted into a mass of tissue 
indistinguishable from foci of the tumor 
situated clseivhere. From the structure, it 
must be considered as a neoplastic process 
in the marrow. The involvement of the 
bone marrow appears to be a constant 
feature and may occur in every case of 
myelocytoma. Matlicws (1929b) and Ol- 
son and BulHs (1942) found the condition 
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to exist in every case examined. In this 
respect, marked similarity exists between 
mjelocytoma and granuloblastic leukosis. 
What appears to be a fundamental differ- 
ence is that the neoplastic cells of myelo- 
cytoma are of a relatively later stage of 
development than those of granuloblastic 
leukosis. A careful comparative study of 
the minute structure of the bone marrow 
in myelocyioma and in leukosis will reveal 
this difference. 

Fairly frequently, abnormal myelocytes 
gain access to the blood stream. The mor- 
phologic characteristics of these cells are 
similar to those of the cells in the extra- 
vascular foci of tumor. A distinct increase 
of the number of heterophils in the blood 
may be noted also. Probably the extent of 
involvement of the blood will vary during 
the course of the disease, although this 
aspect has not been studied carefully. 

Metastasis and spread. Although Math- 
ews expressed the belief that myeiocytoraa 
is a primary tumor of the myeloid ele- 
ments in the bone marrow, there are other 
reasons, as mentioned previously, to sug- 
gest that myelocytoma may develop simul- 
taneously in several widely scattered re- 
gions. The possibilities for such develop- 
ment have been mentioned under the head- 
ing of histogenesis. When the process is 
once initiated, further development is in- 
filtrative. Nerves, muscle, and bone may 
be invaded by the infiltrative growth of 
tlie tumor. Cartilage alone seems to be 
capable of resisting growth of the tumor, 
and this phenomenon may be studied 
readily when the trachea is involved. The 
presence of tumor cells in the general cir- 
culation provides a means of dissemi- 
nation of the tumor; however, the impor- 
tance of metastasis in the disease cannot 
be estimated. 

Special feature. Mathews made unsuc- 
cessful attempts to transmit spontaneous 
myelocytoma. The Strain 2 agent de- 
veloped by Furtli (1933) has caused a 
neoplasticlike process, which he refers to 
as myelocytomatosis, in addition to lym- 
phomatosis and endothelioma. The rela- 
tion between this experimentally produced 


disease and spontaneous myelocytoma is 
not known. Nyfeldt (1934) reported devel- 
opment of a strain of leukosis in which leu- 
kemic myeloblastosis (granuloblastic leu- 
kosis) was the predominant type, although 
a few cases of aleukemic myeloblastosis 
(myelocytoma?) were also found in ex- 
perimentally inoculated chickens. The oc- 
casional finding of myelocytoma as an 
enzootic in a given flock suggests the pos- 
sibility of a common factor or factors as 
responsible for such an outbreak. For the 
present very little information is available 
on this point. 

Diagnostic characteristics. Only brief 
comment is necessary to re-emphasize the 
comparative ease of recognizing myelo- 
cytoma. The color of the tumor and the 
distribution of lesions are features so 
characteristic of the disease that most cases 
of myelocytoma can be identified on 
macroscopic examination (Table 32.3). 

Fowl leukosis. The term “leukosis" has 
been used with a wide variety of interpre- 
uiions in connection with avian diseases. 
It is used in this section in a restricted 
sense to indicate the single entity briefly 
characterized in the following paragraph^ 
Other applications of the terms “leukosis 
and ''leukoses" are noted in Chapter 19. 

Fowl leukosis is a disease of the myeloid 
tissues in which the precursors of erythro- 
cytes and granulocytes are stimulated to 
unrestricted multiplication. The apparent' 
ly functionless autonomous growth of my- 
eloid tissues serves to characterize fowl 
leukosis as a neoplastic disease. The ne<> 
plastic character of the immature blood 
celb is also illustrated by their tendency 
to become immobilized within the v^cu- 
lar bed of certain organs such as the liver, 
spleen, and kidney. In these situations they 
display proliferative growth outside the 
confines of the bone marrow where under 
normal conditions they would ripen into 
mature blood cells before being released 
into the circulation. The tendency for im- 
mobilization has been called leukostasi^ 
A thorough review of the extensive 
literature on fowl leukosis is beyond the 
scope of this section. Such a review was 
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made in 1940 by Olson and brought up to 
date by Darcel (1957). The morbid 
anatomy of naturally acquired fowl leuko- 
sis is not different from that produced ex- 
perimentally. In fact, much of our knowl- 
edge of this hemoblastic neoplasm 
been gained from study of the ^ experi- 
mentally produced forms of the disease. 

Histogenesis. A consideration of the his- 
togenesis of fowl leukosis must be based 
largely on evidence obtained from various 
experiments dealing with the transmissible 
forms of the disease. The stimulus respon- 
sible for the development of this condition 
is an ultramicroscopic agent present in the 
tissues of affected birds. Such an agent was 
demonstrated first by Ellermann and Bang 
in 1908. The agent of fowl leukosis can 
he demonstrated in a spontaneous case of 
the disease only by reproduction of fowl 
leukosis in other birds following the ex- 
perimental introduction of the causative 
agent. 

Although much work has been done 
with fowl leukosis, the site of inception 
and the mode of action of the causative 
agent remain unsettled. A review of the 
literature has revealed many facts and 
opinions with regard to the pathogenesis 
of this malady. Not all strains of the agent 
are similar. Some appear rcstriciOT m 
action and cause only one form of disease 
(such as erythroblastic leukosis); some 
may cause both erythroblastic and granu- 
loblastic leukosis; and some may cause 
leukosis and fibrosarcoma. The production 
of cither erythroblastic or granuloblastic 
leukosis by a single agent is not difficult 
to harmonire svith the hypothesis that tlie 
agent may attack a stem cell (hemocy^ 
blast) common to both cell lineages. e 
form of disease which develops apparently 
depends on either the reactivity potential 
of the affected stem cell or the ability ol 
the agent to influence the line of diBeren- 
tiation of the stem cell. Extensive stu les 
on leukosis agents producing 
blastosis and erythroblastosis have lea 
Beard and his co-workers (1956, 1^^, ^ 
conclude diat these agents are disuna 
though closely related biological enuues. 


The complexity of the situatiori is illus- 
trated by a report of Atanasiu (1952) 
working with the presuined pure strain 
SK of Engelbreth-Holm in chicken em- 
bryos. Most of 556 intravenously inocu- 
lated embryos developed erythroblastic 
leukosis. In addition there were 6 cases 
of myeloblastic leukosis which on subse- 
quent passage reverted to the erythroblas- 
tic form. , . , 

The problem introduced by those agents 
of leukosis capable of also producing 
fibrosarcoma is more difficult to under- 
stand. The heraocytoblast and the fibro- 
blast are related; yet this relation is some- 
what distant, and it is rather difficult to 
believe that fibrosarcomas develop from 
hemocytoblasts stimulated by the agent of 
leukosis. The histogenesis of tumors pro- 
duced by other agents such as the agent 
of the Rous sarcoma is not settled con- 
clusively, although it is believed that the 
fixed or free histiocyte plays an important 
role in the process. Perhaps Uie agent 
responsible for leukosis may act in a 
.imHar way in Ihe production oi f>br» 
sarcoma, Jirmai (1936) explained the 
sarcoma-producing action of the agent oi 
leukosis by suggesting that it had histo- 
tropic tendencies in addition to herno- 
tropic tendencies, the latter being the 
more pronounced. Engelbreth-Holm and 
Rothe Meyer (1935) have advanced Je 
conception that the different types of dis- 
ease are caused by a selective action of the 
different agents of leukosis. For example, 
leukosis and fibrosarcoma are caused by an 
agent which attacks a mesenchy-mal cell 
capable of forming either blood cells or 
fibroblasts; those agents causing either 
erytiuoblastic or granuloblastic leukosis 
attack a cell common to both; and mose 
agents causing only erythroblastic Icu^is 
^tack a cell already committed to ihat cell 
Uncage. Carr (1956) has reported multiple 

nodules of renal adenocarcinoma m some 

chickens inoculated when less than 2 weeks 
of age with the ES^ leukosis strain of 
Engelbreth-Holm. The size of the mfectisc 
dose was also a critical factor. 

Frequency. Fowl leukosis is usually a 
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sporadic disease among chickens and ordi* 
narily aficets birds more than 6 months of 
age. The aterage age of fowls suffering 
from leukosis studied by us has been ap- 
proximately 1 year. Hamilton and Sawyer 
(1939) observed an unusual situation in 
which 53 of 231 chicks aged 30 and 39 
days became affected with the disease 
witliin a period of 2 weeks. Olson and 
Bullis (1942) found 17 cases among 2.304 
chickens more than 6 weeks of age, an 
incidence of 0.74 per cent 

Some evidence seems to suggest that in 
certain breeds (for example, Barred Ply- 
mouth Rock) of chickens, fowl leukosis is 
more likely to develop than in other 
breeds. Whether this is due to inherent 
characteristics of certain families within a 
breed or is a characteristic of all families 
of the breed is not known. Most if not all 
breeds are susceptible to transmissible 
strains of the agent of leukosis, and the 
spontaneous disease has been found in 
many different breeds. 

There appears to be some relationship 
between the season of the year and Ute oc- 
currence of the disease. Such relationship 
often has been suggested in the literature 
and is worthy of study. However, a num- 
ber of factors serve to complicate sucli a 
study. In Denmark the disease appeared 
most often in the first quarter of the year; 
in Germany during the autumn, winter, 
and spring: in Japan in the late spring: 
and in Hungary in the autumn and winter 
montlis. In Massachusetts it appeared 
most often in birds examined during the 
second quarter of die year. Engelbrcih- 
Holm and Roihe Meyer (1932) noted a 
seasonal effect on the results following 
inoculation of chickens with the agent of 
leukosis. A more severe form of the disease 
was noted in the summer monilis, and the 
disease developed in a higher percentage 
of adult birds during April and May than 
during October and November. Jdnnai 
p938) obsened a longer interval between 
inoculation and death of experimentally 
inoculated birds in the first half of the 
year than in the last half. 

Gross and microscopic description. Fowl 


leukosis is fundamentally a disease in- 
volving the myeloid tissue of the bone 
marrow. Pathologic changes in other or- 
gans or tissues are secondary to the basic 
process in the bone marrow. With this 
simple conception in mind, the varied as- 
pects of fowl leukosis as noted in other 
parts of the body may be understood 
readily. 

The disease begins as a neoplastic pro- 
liferation of unripe erythrocytes or granu- 
locytes. At first the process may resemble 
marked hyperplasia of myeloid tissue, but 
soon the normal boundary lines between 
intravascular erythropoiesis and extra- 
vascular granulopoiesis are so disturbed 
that they can no longer be distinguished. 
The neoplastic blood cells gain access to 
the circulation and are released from the 
diseased marrow in cver-increasing num- 
bers. The tendency for these cells to b^ 
come lodged in the capillary bed of certain 
organs has been mentioned previously. In 
sucli regions of leukostasis, the neoplastic 
cells continue to multiply and may rupture 
the vessel wall and infiltrate the paren- 
chyma of the organ or tissue. Sometimes 
the lumen of the vessel may be filled with 
leukotic cells to such an extent that they 
constitute a thrombus and lead to in- 
faraion of the region supplied by the 
blood vessel. 

In fowl leukosis the bone marrow is 
grayish-red and fills the marrow cavity. 
Johnson (1934) has called attention to 
the fact that in a normal bird the bone 
marrow space of the humerus contains fat 
and air spaces, whereas in most cases of 
leukosis the fat and air spaces are re- 
placed by active myeloid tissue. A lining 
membrane of osteoid tissue may develop 
immediately inside the dense shaft of the 
long bones in cases with a protracted 
course. The intense hyperactivity of m)C' 
loid tissue can be studied best in histo- 
logic sections prepared from marrow of the 
long bones. The shaft may be split on its 
longitudinal axis to allow direct action of 
the fixative on the marrow. After fixation 
is complete, a segment of marrow may be 
embedded in the usual manner. The mar- 




row sinusoids are distended with unripe 
cells, and, likewise, the intersinusoidal tis- 
sue consists of unripe granulocytes. The 
relative amount of each determines the 
type of leukosis. That is, in the erythro- 
blastic form, erythropoiesis is more 
marked; and in the granuloblastic form, 
the intersinusoidal tissue is the more 
severely affected. 

The liver, spleen, and kidneys are me 
visceral organs of predilection in which 
the leukotic blood cells tend to lodge and 
proliferate (Kg. 32.10). The proliferation 
leads to generalized enlargement of t e 
affected organ. In general this enlarge- 
ment is not as marked as usually ^cen 
in diffuse lymphocytoma. Miaoscopica y 
the leukotic cells are confined largely m 
the vascular bed. The parenchyma of the 
organ may be reduced by compression 
from distention of tlie vascular bed wi i 
masses of neoplastic cells. The ° 

the involved visceral organs is usually pa c 
because of the anemia. Sometimes small 
white foci may be present and repre^t 
localized accumulations of leukotic ce s. 

Fowl leukosis is associated tviih a ten- 
dency to hemonhage. probably the result 
of an early and marked reduction num- 
ber of circulating thrombocytes. emor 


rhages may be noted in the loose areolar 
tissues and in the mucosa of the intestine. 

The circulating blood is affected in 
nearly all cases of fowl leukosis. In experi- 
mental leukosis, cases may >>= 
which the process is well developed in the 
bone marrow, and death occurs before the 
leukotic cells gain access to the 
Such cases are called mcipient leukosis 
and represent a rapid acute form of the 
disease. All forms of immature ery^ro- 
cytes and granulocytes may be found m 
the blond in varying numbers (Fig. 32.11). 
Usually the first change to be observed 
a deciise of the number of thrombocytes. 
A decrease of the number of eiythrocytes 
and of the amount of hemoglobin is lol- 
lotved closely or sometimes preceded by 
Ihe appearance of immature cells. The 
blood picture is subjected to marked vari- 
ations during the course of fowl ™kosts 
The microscopic picture of Sr^h^'""' 
leukosis may sometimes change to that o 
eryUtroblastic leukosis. In some 'nstances 
the Mood picture may become apparen y 
normal and remain so. suggesting 
oovery. Actual recovery of “ ‘Po"""™” 
casThas not been observed, although m* 
a possibility may emu. In ™ 

per^s of remission may be followed by 
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FIG. 32.11 - Blood 
film* of chicken* af- 
fected with leukosis 
showing marked dif- 
ferences between the 
myeloid and the eryth- 
roblastic form of the 
disease. (Left) Myeloid 
leukosis. (Right) Eryth- 
roleukosis. 



the reappearance o£ paihologic cells in 
the blood, and the disease eventually 
proves fatal. Although the foregoing im- 
pressions were obtained from experimental 
data, comparable changes occur in the 
naturally acquired disease. 

Many bizarre and unusual forms of 
blood cells may be seen in leukosis. Furtlt 
(1931) and Oberling and Gu4rin (1934a) 
have published excellent colored plates il 
lustrating the various types of blood cells 
seen in the blood of chickens suffering 
from fowl leukosis. 

Special features. The relative ease with 
which fowl leukosis may be transmitted 
by means of the agent of leukosis suggests 
that spontaneous cases may develop as a 
result of natural exposure to the causative 
agent. Wickware (1946) found no evidence 
of transfer of leukosis to chicks hatched 
from pullets that had recovered from ex- 
perimentally produced leukosis. Various 
experiments had indicated that not only 
fowl leukosis, but also the transmissible 
connective tissue tumors of chickens, are 
not contagious. However, Burmesler, Fon- 
tes, and Walter (I960) found that contact 
transmission of Rous sarcoma could occur. 
Various ectoparasites have been shown 
capable of obtaining the agent from 
diseased birds and reuining it in an active 
form, but spread of the disease by such 
means can explain the development of few 
if any cases of leukosis. The spontaneous. 


endogenous origin within the host has been 
suggested for the agents of leukosis and 
transmissible connnective tissue tumors. In 
this respect tliese agents would be entirely 
different from the filterable viruses of con- 
tagious diseases such as fowl pox and 
laryngotracheitis. The concept of endog- 
enous origin receives support in the differ- 
ent behavior of the many strains of the 
agent of leukosis, suggesting a lack of 
similarity. Tumors have been induced in 
chickens by carcinogenic chemicals, and if 
a tumor-producing agent separable from 
living cells could be demonstrated in these 
chemically induced growths, the evidence 
would support the hypothesis of endoge- 
nous origin of such agents. Only contra- 
dictory evidence is now available, and the 
latest report tends to deny the existence of 
such an agent in artificially induced tumors 
(Murphy and Sturm, 1941a). 

Fowl leukosis is a disease peculiar to 
chickens. Only one spontaneous case of the 
disease has been reported in another spe- 
cies of fowl. This case occurred in a small 
parakeet {Melopsittacus undulans) and 
was dacribed by Jdrmai (1939). The 
specificity of action of the agent of leuk^ 
sis is probably only relative since the dis- 
ease has been produced experimentally m 
pheasants, turkeys, and guinea fowl. 

Natural resistance to the agent of fowl 
leukosis may be found in some chickens 
experimentally inoculated, and those 
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which recover from the experimental form 
o£ the disease also have a relative degree 
o£ immunity. 

Dj'agnoitic c/iartjc/ens(j«. The typical 
case of fowl leukosis is characterized by 
pale, watery blood which clots slowly, 
moderate enlargement of the liver and 
kidneys, marked enlargement of the spleen, 
and petechial hemorrhages in die loose 
areolar tissue and in the intestinal mucosa. 
The myeloid tissue fills the bone marrotv 
space, replacing all fat cells and is gray- 
red to dark red. Examination of smears of 
the blood will reveal abnormal numbers 
of immature cells. 

In the diagnosis of leukosis, care must 
be exercised to differentiate it from other 
entities such as secondary anemias, granu- 
lomatous processes, and other neoplastic 
diseases. Histologic examinau'on of the 
myeloid tissue should be regarded as the 
basic requirement for the diagnosis of fowl 
leukosis, and in some cases this procedure 
must be supplemented by a microscopic 
study of other organs as well (Table 32.3) 
MELANOMA 

Melanoma is a pigmented tumor whose 
black color is due to the presence of 
melanin granules in the cytoplasm of the 
cells. Histologically, the melanin appears 
as fine, dusdike, yellow-brown particles 
which may become so concentrated as to 
obliterate entirely the structure of the cell. 
The pigment is produced by melanoblasts 
which produce an enzyme capable of 
transforming the colorless precursor of 
melanin into pigment. By means of the 
"dopa” (dihydroxyphenylalanine) reaction 
this enzyme can be detected and thus the 
melanoblasts identified. Melanin granules 
may be engulfed by phagocytes which be- 
come simply carriers (melanophorcs) of 
the pigment. The histogenesis of melano- 
blasis is unsettled, and, according to the 
present conception, they may have either 
a mesodermal or a neural derivation 
(Boyd, 1938). 

Excessive pigmentation with melanin 
without neoplasia may occur and is known 
as melanosis. Goldberg (19J9) described 


a case of generalized melanosis in a turkey 
and cited a similar case observed by Lewin 
in a chicken. According to Kukleuski 
(cited by Reinhardt, 1930), pigmentation 
of the gonads, oviduct, thymus, thyroid, 
skin, and marrow is often marked in 
Japanese and Siamese Silky chickens, 
which normally have a pigmented skin. 
Reinhardt (1930) commented that pig- 
mentation of one or both testes is fairly 
common in "singing" birds. Melanosis of 
the peritoneum occasionally may be noted 
in the chicken. 

Few pigmented tumors of chickens have 
been described. Reitsma (Hoogland, 
1929) and Goldberg (1919) each reported 
a melanoma, probably primary, in the 
ovary of a hen, svhich spread to the serosa 
of the abdominal viscera. In the case de- 
scribed by Goldberg, the tumor resembled 
a cavernous angiosarcoma except for the 
pigmentation. McGowan (1928) described 
three cases of melanoma in the chicken. 
Two of tJ)e pigmented tumors occurred 
in Black Leghorn chickens and the other 
in a Rhode Island Red bird. In all of these 
cases the tumor was believed to have origi- 
nated in tlie ovary. Only one appeared 
epithelial. The other two were described 
as similar to the Rous sarcoma. In Mc- 
Gowan’s cases numerous implants of pig- 
mented tumors were found on the serosal 
surfaces of the visceral organs. Olson and 
BulUs (1942) observed a small pigmented 
rumor at the base of the tongue which was 
diagnosed as melanoma. Ball (1945) re- 
ported a melanoma of the iris in a 2-year- 
aid hen that died with lymphomatosis. 

TUMORS OF NERVE TISSUE 

If lymphocytoma is excluded, neo- 
plasia of nerve tissue of the diicken would 
appear from the literature to be relatively 
infrequent. Jungherr and Wolf (1939) re- 
viewed the literature on primary neural 
neoplasms of animals and found only 
three cases in the common fowl in which 
the diagnosis of glioma could be accepted. 
They described two additional cases. All 
were regarded as astrocytomas. Multiple 
gliomas have been found in birds with 






FIG. 32.12 -Glioblastoma multiformo il- V''^ 

lusJroting irregular tell outlines and glio 
fibrils. X480. (Courtesy of Cecil Jackson. 

Ghana Academy of Sciences, Achimoto. 

Ghona, and of the Director of the Onder- ** 'i 

slepoort Veterinary Research Institute, 

South Africa.) 
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toxoplasma infection (Erichsen and Hai^ 
boe, 1953). Jackson (1954) has presented 
a series of 120 intracranial lesions from 
chickens with 109 gliomas (Fig. 32.12). He 
believes that gliomas are more like glio- 
blastoma (spongioblastoma) raultifomc 
rather than asuocytoma and lliat they 
represent foci of encephalitis in which gial 
proliferation becomes exaggerated and 
sumes a neoplastic character (Fig. 32.13). 
Jungherr and Wolf also discussed neo- 
plasms reported from other birds and le- 
garded a glioma found in a parakeet an 
a ganglioneuroma described in a sparrow 
as of neural origin. They stated that the 
apparently low rate of incidence of neural 
tumors in animals is perhaps due to the in- 
frequent complete examination of the cen- 
tral nervous system at necropsy. _ 
Jackson (1936a) has desaibed multiple 
neurofibromatosis in the chicken, an 
Olson and Bullis reported five cases oi 
neurogenic sarcoma. These tumors Me 
mentioned in the section 
connective tissue tumors. Cole in 1946 re- 
ported a case of retinoblastoma. 

No attempt will be made to discuss the 
classification or characteristic features o 
tumors of the nervous system. Those seed- 
ing such information are referred to le 
chapters on neoplasms in Lichtenstei 
(1949). . , 

In some instances the brain or spmai 
cord may be affected by metastatic powtn 
of neoplasms situated elsewhere. ® 
volvement of nerves with lesions oi ym 
phocytoma is fairly frequent in that dis- 
ease. The significance of these lesions an 
their association with fowl paralysis are 
discussed in the section on lymphocyioma. 

TUMORS OF EPITHELIAL TISSUES 

Papilloma. A papilloma is a 
epithelial tumor composed of 
cores or projections which are cover y 
layers ot epithelial cells. These turnon are 
frequently multiple, and the bnishlike or 
cauliflowerlike structures are often spmy 
to the touch. . 

^^icroscop^ca^y. papilloma is a simp 
structure usually consisting of a tew 
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many separate units or projections, each 
with a fibrous core that is covered to a 
variable depth by compactly arranged epi- 
thelial cells. The cells nearest the stroma 
are the least mature, and between the 
various papillae and on the surface there 
is frequently present a homy deposit 
known as keratin. Keratin is the product 
of the more mature squamous epithelial 
cells Characteristically, these tumors grow 
in an outward rather than an inward 
direaion. _ . 

The tumors are sometimes seen on tne 
comb, feet, and wattles of fowls, but they 
occur much less frequently in fowls than 
in ceruin mammals. Olson and Bulbs 
119421 observed a case of multiple papillo- 
matosis of die esophagus of a chicken. 
The lesions appeared as small, grayish 
nodules, some of which were hemorrhagic, 
in the mucosa. We observed one ‘nuance 
In a pigeon in which there occurred dif- 
fuse warty growths in the skm adja«nt 
m dtl bl/und eround to eye.. The 
literature coniains but slight mention of 
papillomas in chicken., and one must 
Conclude that their occurrence ts ex- 

■Taplllomrorto .kin and oral cavity 
In mammal, frequently i. ^ 

easily transmitted owing to a 
factor that in some instances l>as been 
definitely established to he a virus. So far 
as we know, papillomas of chickens due 
to agents of a vimslike nature have not 

'’Tde"S! Adenoma may be defined as a 
benign epithelial neoplasm in which the 
Seal pattern resembles to. o > 
eland. Any tissue containing glandhke 
Sums normally or aberrantly may give 
rise to an adenoma. These tumors usually 
occur singly. Rarely, multiple adenomas 

are among to 

tumors ot chickens, being mucli ess com 
mon than to malignant epitol.al tumors. 
Eber and Malke (1932) repotted to oc 
curience of 16 adenoma, among 253 
Tnnrs of fowls. Of thosc 111 chickcns. me 
“^of Ototreuee were as follows: h.er. 
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6 cases: pro\entriculus, 1 case; gizzard, 1 
case; intestines, 2 cases: ovary, 1 case; and 
oviduct, 1 case. According to Heim (1931), 
Joest and Ernesti described a cystic form 
o£ adenoma (cystadenoma) in the region 
of the crop. Although the exact situation 
of origin was not determined definitely, 
origin from the thyroid was considered. 
A few cases of adenoma of the ovary have 
also been described (Heim). Olson and 
Bullis observed 1 case of fetal adenoma of 
the th)roid and 1 case of adenoma of die 
feather matrix in chickens. The same 
authors recorded a papillary cystadenoma 
of the mucosa of the posterior portion of 
the gizzard in a chicken. 

Unless adenoma occurs in a situation 
where its presence or size may provide a 
mechanical interference with the proper 
functioning of contiguous tissues, this 
variety of neoplasm in chickens is unlikely 
to have any appreciable effect on the host. 
Malke, according to Heim (1931), re- 
corded an obstructing adenoma of the 
cecum. Babic (1931) desaibed multiple 
adenomatous polyposis of the intestine in 
a chicken. Such a condition could lead to 
disturbances of elimination. Should ade- 
noma arise in certain endocrine struc- 
tures, abnormal physiologic effects may 
ensue. 

Being benign, adenoma never infiltrates 
the surrounding tissues and does not 
metastasize. Should an alleged adenoma 
exhibit these features and espedally 
should metastasis occur, the tumor can no 
longer be considered benign but should be 
recognized as malignant. The malignant 
form of adenoma is designated “adeno- 
carcinoma." 

In appearance adenomas may be ex- 
pected to be encapsulated, nodular, and 
firm to soft. Opportunity for adenoma 
to become cystic is provided by the 
glandlike nature of the parenchyma. Since 
a duct system for the natural egress of 
secretory substances is missing, the prod- 
ucts of the cells frequently accumulate 
and produce small to large cysu. Such 
tumors are often called “cystadenomas.” 

Microscopically, an adenoma presents 


the appearance of a gland, a duct, or a 
tubular structure (Fig. 32.14). Alveolar 
spaces may be present, or the parenchymal 
cells may appear as compact masses. In 
nearly every instance the structure of the 
tumor bears a resemblance to the normal 
tissue produced by the parent epithelial 
«lls from which the parenchymal cells of 
the tumor were derived. The stroma con- 
sists of fibrous connective tissue in which 
are found blood vessels. The stroma may 
occur in a promiscuous, nondesaipt 
fashion, or it may be disposed as septa or 
ill-defined trabeculae which serve to sepa- 
rate tite tumor into irregular lobules. 

Adenomas may be identified readily if 
one keeps in mind certain salient features: 
1. Adenomas originate in situations where 
glandlike structures occur normally. 2. 
They usually occur as single tumors. S. 
They do not infiltrate the adjacent tissues 
or set up distant metastatic growths. 4. 
When properly removed they do not recur. 

Carcinoma. A carcinoma is a malignant 
neoplasm composed of epithelial cells and 
a stroma of connective tissue. The latter 
provides a supportive structure for the 
epithehai cells and for the vascular chan- 
nels inherent to the part. The cells of the 
carcinoma proliferate in an atypical and 
lawless manner, have a tendency to infil- 
trate and destroy the contiguous tissues, 
and may and often do set up secondary 
or metastatic foci. Although all malignant 
tumors of which the type cell is epithelial 
in origin are properly referred to as car- 
cinomas, certain characteristic structural 
differences occur that make it desirable 
to separate carcinoma into several distinct 
morphologic types. These include adeno- 
carcinoma, in which the parenchymatous 
cells assume a glandular or ducllike ar- 
rangement; squamous cell carcinoma, 
composed of diffuse masses or compact col- 
lections of cells that arise from the epi- 
dermis or the mucosa of the esophagus, 
the mouth, or the pharynx; papillary 
carcinoma, which has a rough cauliflower- 
like surface with the tumor cells arranged 
in fingerlike sheets; and hepatic cell car- 
emoma, which arises from the cells of the 
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parenchyma of the liver whidi have under- 
gone autonomous transformation. Tumw 
of chickens analogous to the so-caUcd 
basal cell carcinoma of human beings pr 
sumably occur infrequently. Olson ano 
Bullis (1942) encountered one case m 
their material. This is described tn the 
subsequent text. Other special tyPj* 
carcinoma may arise from the thyroid, the 
adrenal, the ovary, the kidney, an 
pancreas. These constitute only a p 
list of the tissues that may give rue to 
carcinoma. The wide distribution ol ep^ 
thelial tissues throughout the bwy p 
vides numerous potential situations 
the origin of carcinomas. . 

Frejueucy. Among 199 “ 

chickens mentioned by Hoogland ( )- 

33. or IG.6 per cent, were carcinomas, x 
predominance of sarcoma over 
was illustrated in Hoogland s senes 
being 93 tumors of sarcomatous charaetCT. 
Hoogland-s list of cliicken tumors did not 
include those of so-called leukotic 
ter (lymphocytorna, myelocyt^a. ana 

leukosis). Eber and Malke ( ) 

served 29 carcinomas among a 
tumors of chickens. This 
incidence of approximately F 
As was Uue in Hoogland's senes Eber 


and Malke probably did not include 
leukosis in listing the respective neopUtic 
dUeases in their material. However, it u 
likely that many, if not all. of 
round-cell sarcomas mentioned by Eber 
and Malke were in reality lymphocytomas. 
As U true with most ether reports on neo- 
olasia of chickens. Eber and Malke s mate- 
rial contained many more "sarcomas man 
carcinomas Of the 239 tumors of chick- 
ens examined histologically. 167. or 
proximaicly 70 per cent, were designated 

as sarcoma. , 

Babic (1931) described 16 cases of car- 
cinoma of Utc chicken, in 10 ol s. rich *e 
rumor »as primary in the ovary. In 3 *e 
tumor was primary m the sk.n, >» 2 “e 
kidney was the site ol origra, and in 1 
insunce the growth arose m the testes. 
The tumors occurred m a 
neoplasms collected from several different 
species of birds. . 

Goss (1940b). who reported on the 
types of neoplasia among 7.408 chickens 
Sned at necropry, found tumors m 
1445 Among 1,104 examined miao 
S^Lly there were 991 designated 
-kCkotie tumors" and 77 carcinomas. In 
rllation to die lolal number ol tumors 
listed (1.104), carcinomas represented 7. 
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per cent; if the "leukoiic tumors” are ex- 
duited from ilie total number, carcinomas 
represent approximately 63 per cent of 
tlie neoplasms examined. Goss’s data are 
of especial interest because of the fact that 
70, or approximately 91 per cent, of the 
total number of carcinomas found were 
ovarian in origin. 

Olson and Bullis (1912) made a study 
of avian neoplastic material that occurred 
in S65 diickens. A toul of 384 tumors, in- 
cluding those of hemoblastic origin, uerc 
found, and 24, or approximately 6.2 per 
cent, were epitlielioblastomas. 

From the fig:urcs presented, it is evident 
that dependable information concerning 
the predictable rate of occurrence of car- 
cinoma in chickens is meager. 

Ilrlation to age. There do not exist ade- 
quate data to enable one to sute definitely 
the relation of the incidence of carcinoma 
to the age of tlte affected bird. Indications 
are that die majority of carcinomas of 
chickens occur in adult rather Uian in 
)oung birds. Most birds that have car- 
cinoma are 1 ^car or more of age. It 
should be kept in mind, however, that the 
age at which die neoplastic process began 
was much earlier. More than 4 years were 
required for development of epithelial 
tumors in liter, ovary, and oviduct of 
clsickens which received a carcinogen (2 
aceiamidonuorene) daily for 3 months be- 
ginning when the birds were 6 months old 
(Campbell, 1955). Mctbyldiolantlircne 
applied to the wall of the crop produced 
carcinomas in chickens in 3 to 5 years 
(Peacock and Peacock, 195G) but, when 
applied to die skin, epithelial prolifer- 
ation det eloped in 2 to S months and 
these regressed (Rigdon and Braslicar, 
1954). 

Sitet of oceurrence. A fairly complete 
r6umi of the literature on occurrence of 
carcinoma in diickens is to be found in 
die treatise by Reis and Ndbr^a (1035a). 
As mentioned pteviously, carcinomas may 
arise whcrcscr epithelial tissues occur. Al- 
though the epidcmiis and the mucous 
membranes constitute die greatest amount 
of epidielial tissue in the body, in die 


chicken these tissues do not give rise to 
the falsest number of carcinomas. In 
chickens most tumors of this character 
arise from the ovary. 

From information obtained from the 
litcratuie and from data supplied by our 
own collection, the occurrence of car- 
cinoma in the various anatomic situations 
in chickens will be desaibed briefly. 

1. Inlegumenl. By far the greatest num- 
ber of carcinomas of the integument of 
chickens that have been reported have af- 
fected die foot and shank or more specifi- 
cally die skin overlying the metatarsus. 
Other situations in which carcinoma of 
the skin has been reported include the 
anal region, breast, and the region over- 
lying die femorotibial articulation. 

One instance of a tumor that had many 
of the characteristics of a basal cell cai^ 
cinoina was reported by Olson and Bullis 
(1942). The tumor was situated in the 
skin immediately over the left eye. It was 
a nodular mass I cm. in diameter by 6 
mm. thick. The tumor was first observed 
1 month before the chicken was killed for 
necropsy. Microscopically, the mass con* 
sisted of seieral indistinctly lobulate^ 
compactly disposed epithelial cells wim 
moderately basophilic cytoplasm. The 
tumor was situated largely in the conum 
but had broken through the epidermis at 
one point. The structure was richly vascu- 
lar, and some hemorrhage had occurred. 
Mitosis was not observed. Metastasis had 
not occurred. The tumor was diagnosed 
as carcinoma of the feather matrix. For a 
review of the different reporu of car- 
cinoma of the skin of chickens up to 
1930, the paper by Heim (1931) may be 
consulted. Other cases are mentioned by 
Pohl (1926), by Babic (1931). and by 
Jackson (I9S6a. page 434). An cxicnsbe 
rcsiew of the literature peruining to tu- 
rnon of the skin of birds will be founa 
in the paper by Abels (1929). . 

In view of the fact that these tumors oI 
the integument have all the morphologic 
characteristics of a malignant growUi, it u 
somewhat surprising tliat they apparendy 
seldom if ever metastasize (Fig. 32.15). 
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FIG. 32.15— Squamous 
carcinoma of the skin 
of the neck of a chick- 
en. Metastosis was not 
demonstroted. Xl20. 


Duran-ReynaU (1946b) was unable to 
transplant a localized skin gland adenoma 
of the wing to other chickens. In the cases 
we have observed, the neoplasms have ^ 
mained localized, and in the cases report 
previously by others, metastasis has rare y 
been demonstrated. Structurally, these tu- 
mors would appear capable of setting up 
metastatic foci at a distance from the 
original lesion. Yet in the many cases re- 
viewed by Abels (1929), metastasis was 
recorded in only three cases of caranoroa 
of the skin of diickcns. 

2. AhmenlaTy canal. A few instances 
have been recorded of the occuirenw o 
carcinoma within the oral cavity of chick- 
ens (Heim. 1931, listed several cases). 
One occurred in our collection. The tu- 
mor was a carcinoma of the epidemoi 
ivpe and occurred in the pharynx o a 
year-old hen. Although die tumor was 
locally infiltrative and destructive, metas- 
tasis could not be demonstrated. _ 

The literature, according to Mcim 
(1931), yichU three cases of sejuamous ceil 
carcinoma of the esophagus. 

Carcinoma of the proventriculus 
gizzard appears to be an «ucmely 
manifcsUlion of ihe disease. Our 
did not contain any specimens from mese 


organs, and the cases reported in the 
Utlrature are few. Babic (1931) desaibed 
a medullary carcinoma of the proventneu- 
las. Zannini (Htim, 19S1) is 
observed an adenocarcinoma p£ both the 
proventriculus and the gizzard. Cylin^t- 
cal cell” carcinomas of ilie gizzard that 
had not metastasized were reported by 
Schopplcr (1913) and by Prospero (Heim. 
1931). The report of Prospero was not 
available for review, so that we are unable 
lo comment concerning this case. In 
Schoppler’s case the tumor vvas corisidered 
to have arisen from the glandular elemen s 
of the pyloric portion of the gizzard. 

3. hiustine. The tendency of many pri- 
mary malignant tumors of the abdomen 
to spread by direct continuity or by serosal 
implantation to all of the serous surfaas 
of the abdomen frequently makes it dil- 
ficult to ascertain with certainty from 
what site a given tumor may have arisen. 
The occurrence of serosal implantations 
is especially characteristic of ovarian mr- 
ciiionS and the resultant widespread div 
iributioti of the tumorous tmuc 
scurc entirely the primary site of origin 
or lead to false conclusions regarding the 
primary siiuaiion of the tumor. Unlca 
one <?ri demonstrate the primary lesion 
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in the intestinal mucosa, it would be un- 
wise to claim that a carcinoma of die in- 
testine is present. When the serous cover- 
ing or even the muscle wall of the in- 
testines is involved with an epitlielial 
glandular type of malignant lesion, dis- 
cretion should be exercised in concluding 
that the site of origin was the intestinal 
mucosa. As a matter of fact the likelihood 
that such tumors originate in the ovary 
is much greater than that of their origin 
in the intestine. 

Adenocarcinoma of the duodenum has 
been reported by Petit and Germain 
(Pohl, 1926) and by Ehrenreich and 
Michaelis (1906), and of the "intestine” 
by Hoogland (1929) and by Jackson 
(1936a, p. ICO). In Jackson’s case, metasta- 
sis to the liver had occurred. An unusual 
case was that of Joest and Ernesii (Heim. 
1931), in which a mcduliary carcinoma 
involving tire ileum and ceca was associ- 
ated with another primary carcinoma of 
the cloaca. One of the specimens in our 
collection was of some interest. The tu- 
mor, which proved to be an adenocarci- 
noma, occurred in the mucosa of the ileo- 
cecal junction of a 2-year old White Leg- 
horn hen (Fig. 32.16) The tumor was an 
elongated, roll-like structure about 0.6 cm. 
in height, and it involved about half of 
the circumference of the lumen. The m 
mor had produced some obstruction, but 
metastasis had not occurred. 

According to Heim (1931) two cases 
of carcinoma of the colon or rectum of 
chickens have been described. In both in- 
stances metastasis had occurred to the liver. 

The evidence indicates (I) that malig- 
nant epithelial tumors of the intestines of 
chickens are among the rarer avian neo- 
plasms; (2) that carcinoma of the intes- 
tines may metatasize to the liver and lungs; 

(3) that in female chickens the occur- 
rence of multiple neoplastic foci on the 
serosa of the abdomen should surest a 
malignant lesion of ovarian origin rather 
than one from the intestinal traa; and 

(4) that to diagnose with certainty a car- 
cinoma of the intestine, one should 



FIG. 32.16 — Primory odenocarcinoma of Ih* 
Junction of a 2.yeor.old White leghorn 
hen. The advancing ncoplastk cells have pene- 
trated the musculorls mucosae. DIstanI metes- 
tails was not demonstroled. XllO- 

demonstrate the primary lesion in the mu- 
cosa of the gut. 

4. Accessory organs of digestion. Among 
the accessory organs of digestion that have 
given nsc occasionally to carcinoma are 
the liver and the pancreas. 

Heim listed a few reports of epithelial 
tumors of the liver, but how many of the 
alleged cases were actually primary car- 
cinomas of the liver is uncertain. Teut- 
schlaendcr (Heim, 1931) reported two 
cases of carcinoma of the bile ducts, and 
Savage (1926) reported the occurrence of 
an adenocarcinoma of the gallbladder m 
a Sy^year-old Rhode Island Red hen. 

Primary carcinoma of the liver may 
arise from two types of cells, the paren- 
chymal liver cells and the epithelium of 
the bile ducts (Fig. 32.17). 

Goss reported one case of cardnoma oi 
the liver cells in a bird more than three 
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yean old and also an adenoma oi liver cells 
in another chicken. He also . 

carcinomas of bile ducts. Olson and u is 
(1942) described 3 cases of benign hepa- 
toma and 4 of cholangioma. In 3 instances 
the tumors of the bile duct cells were single 
isolated masses, and in the fourth case 
there were multiple tumors scaitereu 
throughout the liver, suggesting the malig- 
nant character of the neopl^m. 
adenocarcinoma primary in ° ^ 

turkey was described by Babic (1951). 

Campbell (1949) studied 22 cases of 
spontaneous carcinoma of the liver m 
ducks mostly from 4 flocks. Carcinoma o 
liver cells was most common (17 cases^ 
while 1 case of bile duct carcinoma and 
4 cases of mixed liver carcinoma were ^ 
countered. Graft transplants to the liven 
of other ducks were successful, but at- 
tempts to demonstrate a cell-free agent in 
filtrates or by egg embryo culture sverc 
negative. Liver injury with ‘ 

and metaplasia of bile ducts has 
demonstrated in ducks fed a toxic pa^t 
meal or aflatoxin for up to 4 wee * f 
beme, 19G4). Tlie same peanut meal or 
aflatoxin fed for 12 weeks to 
hepatomas and diolangioroas. i 

carcinogen could be suspected m orcu 


FIG. 32.17 - Hepolotellulor carci- 
noma Ihepotomo). The 

Xiso. 


aance. such as desaibed above by Caiop- 


Olson and Eullis C' 9 * 2 ) recorded bav- 
tag encountered 3 epnhelial ■”» ‘S">“ 
lesins ol the panaeas, T™ “I ^ 
designated as carcinomas and I 
as an adenocarcinoma. Babic ( 9M) also 
described an adenocarcinoma of the pan 

'"^'ddrenal glaitiir. Mathews and Walkey 
(1930) described, in adult 
ol pedunculated carcinoma '*>“* JP 
„a«d to originate (torn the region of the 
J3«nal glands. Although dte ovary was 
involved in each instance, the histologic 
picture o! the tumors was 
adrenal cortcit. Mathews and Walhey. 
hoSever. were not certain that the tumots 
had originated from this ussue. 
was linfitcd to the mesentery and to the 
visceral peritoneum and probably occurred 
as a result of spread by continuity. 

Berner (1925) reported on 
intetesting case of hypetnephroma or ca 
cinoma of the right adrenal gland " " 
secondary involvement of the . . 

other characteristics ot vitil.sm had been 
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noted since the biid was G months o£ age- 
Therc had developed a male t)pe o£ comb 
and spurs, and the gait when walking was 
particularly vigorous and malelike. 

6. Urogenital tract. A case of medullary 
carcinoma of the kidney with metastasis to 
the liver and lung was found in a pheasant 
by liable. He also reported a cjsiic adeno- 
carcinoma in the right kidney of a chick- 
en. The latter ease might be coivsideted 
more properly as an embryonal nephroma. 
A medullary carcinoma of the testis of a 
cluckcn with mctaplastic kcratinization 
also has been described by Babic 
Tlic ovary is undoubtedly the most fre- 
quent site of origin of carcinoma of the 
chicken. Carcinoma of the ovary of chick- 
ens has been desaibed by many observers. 
Those especially interested may consult 
the following: Oshima and Uoki (1925), 
Eber and Kriegbauin (19iC), and Jack- 
son (193Cb). Ilcim reviewed the literature 
up to 1930. In Eber and .Ntalke's scries of 
239 tumors of diickens, 29 were carci- 
nomas. Fifteen, or approximately 52 per 
cent, of the carcinomas in this series were 
presumed to have originated in Use ovary. 
Unlike many carcinomas of the ovary of 
human beings, which aUect the ov-ary 
secondarily, most carcinomas of the ovary 
of chickens are primary in this organ. The 
disease in diickens usually has its incep- 
tion in die functioning left ovary but may 
originate in the rudimentary right ovary. 

Scifried (1923) described two eases of 
ovarian tumors in diickens v«hich be dcsig- 
ruted ''oophoroma folliculare." One tu- 
mor occurred in die rudimentary right 
ovary and the other in a left ovary v»hidi 
voai odicrviisc normal. From a careful 
reading of Scifried's description of the two 
lumois. we believe dial hU Case 1 tepse- 
sents a granulosa tumor and not a Bren- 
ner tumor as lie believed. Case 2 may also 
be a granulosa tumor, but the evidence is 
somewhat indefinite. 

In the ovaiy. neoplasia may arise iiom 
(1) the germinal epithelium, (2) the 
Pfltiger egg cords, and (3) the immature 
follicular epithelium. Fischcl (1922) 
slated that most of the ovarian tumors in 


human beings are derived from primitive 
mesenchymal tissue which has divergent 
potentialities, and whidx in his opinion 
may give rise to sarcoma or to carcinomx 
Babic expressed the belief dial most 
ovarian carcinomas are derived from fol- 
licular epithelium. Carcinomas that arise 
in the oviduct are derived from the epi- 
thelium of the mucosa. 

Notvtiduianding the possibilities for 
origin of ovarian carcinoma just listed, it 
should be kept in mind that, with the 
possible exception to be mentioned, cyto- 
logic deuil of carcinoma of the ovary does 
not bear any resemblance to any recogniz- 
able ovarian structure. A possible excep- 
tion to this statement is to be found in 
the ease of granulosa tumor of the ovary. 
Even with this neoplasm, however, there 
is little unanimity of opinion concerning 
its true genesis. Most carcinomas of the 
ovary are medullary in character. 

Attempted transplantation of an adeno- 
carcinoma of the ovary to other chickens 
by Duran-Reynals (191Gb) was not su^ 
cessful. 

7. Other situations. Information on die 
occurrence of primary carcinoma o£ the 
lung of chickens indicates that diis organ 
is seldom affected. The only reference to 
primary carcinoma of the lung of the do- 
mestic chicken with which we are familiar 
is a report of a case by Appcrly (1935). 
The right lung and most of the left lung 
were replaced by a fibrocaseous material, 
and there was present a small white nodule 
near the periphery of the liver. .Micr®" 
scopically, the appearance of the lesions 
in the lung and in die liver was essen- 
tially identical. The diagnosis was pri- 
mary adenocarcinoma of the lung vvith 
meuvusls to the liver. 

Epithelial malignant lesions of the 
roid gland appear to be rare in the chick- 
en, Eisner (Rcis and Ndbrcga. 1955a) de- 
scribed an adenocarcinoma, and Olson 
and Bullis (1912), a fetal adenoma in the 
thyroid of cliitkcns. 

ElJecls on the host. The effccu on the 
welfare of an animal in which carcinoma 
develops depend on several factors. These 
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include (1) the inherent malignancy of 
the process, (2) the anatomic situation 
involved and the severity of the involve- 
ment, (3) the presence or absence of 
secondary foci, and (4) the duration of 
the disease. 

Carcinomas of the ovary frequently 
spread by continuity or by implantation 
to the adjacent structures and espedally 
to the serosa overlying the intestines. 
When this occurs, moderate to severe 
ascites eventually follows. As a matter of 
fact, the presence of ascites in an adult 
chicken should suggest the possibility of 
abdominal carcinomatosis or other malig- 
nant processes having a multiplicity of 
lesions. 

It is of interest that although carcinoma 
of the abdominal cavity may be dissemi- 
nated extensively throughout the viscera, 
frequently the condition appears not to 
interfere seriously with the general health 
of the bird except in the terminal stagey 
The disease has a protracted course, and 
in many instances is discovered in ap 
parently healthy chickens at the time the 
bird is being “dressed" for food. Emaci- 
ation may be noted. 

Hens that have carcinoma of the ovary 
eventually become nonproductive, a- 
though what degree of involvement of the 
ovary must occur before egg production 
ceases is not known. 

Although the effect of most caranomas. 
like that of many other malignant tumors, 
depends on the mechanical interference 
with normal function and on the dcstiuc 
lion of normal tissues by the advancing 
neoplastic process, a few carcinomas occur 
that affect the host physiologically by pro- 
ducing an excess of hormonal substances. 
The masculiniring effect of arrhenobla^ 
loma in the human being « well recog 
nized, and if this or certain other speci 
ized tumors occur in chickens, it wou 
seem reasonable to expect an alterecl ^ 
havior on die part of the host. Eriedgo^ 
and Uoiila (1941) desaibed several cas« 
of virilism in chickens apparently due to 
hormones produced by tissue which 
considered neoplastic. They 
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these cases as anhenoblastomas. Virilism 
in a hen should lead to suspicion of such 
a condition. 

Gross characteristics. The gross appear- 
anto of carcinomas varies greatly as to 
size, shape, and color. With few excep- 
tions these tumors are attached diffusely 
to the surrounding tissues, and encapsu- 
lation. except in rare instances, is not 
discernible. Contact with the adjacent tis- 
sues IS usually intimate, this feature being 
indicative of the characteristic invasive 
tendencies of these neoplasms. Those on 
the exterior, being subject to trauma, are 
readily infected, and as a consequence 
thev may present hemorrhagic, necrotic 
regions. Their surface is usually it^egu- 
iSy roughened and may have a hard, 
tough, or cornified superficial 
due to the excessive amount of keratm 
derived from the squamous epithelial 

“carcinoma, ol the internal organs, es- 
pecially ihose of the ovary or 
single or more frequently multiple. 
ITth, nodnlar. “ .S 

colored tormalions (•'‘S' 
plicity is trequently a striking feature o 
intra-abdominal carcinomas, svith in 
numerable nodules of varying sues and 
shawl occurring in subserosal si.uat.ons 
espKlally along the internes and in the 
mesentery (Fig. S2,19). Ovarian and ovi- 
dacusl Jminomas may be soil “ 
more precisely, cystic or solid, 
cysts filled svith a shmy mucinous or gela 
tinous substance are commonly a charac 
teristic feature of these tumors. 

Carcinomas ol the mucous 
olten the site of eatcns.ve 
surface may appear raw 

;"'"Sec;ior^^”?Vm 

“iSS/nc chererferirnc. Since card. 
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nomas arise from many different types o£ 
epithelial tissue, the histologic pattern de- 
pends to some extent on the character o£ 
the parent epitlielium from which they 
originate. However, most carcinomas have 
one important feature in common. This 
feature is the infiltrative and destructive 
character of their growth. 

The various types o£ carcinoma that 
may be encountered can be described 
briefly as follows: 

1. Squamous cell carcinoma. These tu- 
mors arise from the cells of the epidermis 
and consist of diffuse collections or com- 
pact masses of squamous epithelial cells. 
The epithelial cells are usually incom- 
pletely separated by a fibrous connective 
tissue stroma with nesililvC groups or 
packets or fingerlike processes that ex- 
tend into the surrounding nontumorous 
tissue. Many if not most of the epithelial 
cells show signs of immaturity, and mitotic 
division usually can be seen. Necrosis may 
be present, and lymphocytes and acido- 
philic granulocytes commonly Infiltrate 
the tumor. The central portion of many 
of the compact groups of cells frequently 
presents a peculiar hyaline appearance 
due to the accumulation of keratin. Such 
a tumor may be referred to as a "pearl 


2. Papillary carcinoma. Rarely a carci- 
noma grows away from, rather than into 
or toward, the body, presenting a rough, 
cauliflowerlike structure. Such a tumor 
omsists of a central core of connective tis- 
sue from which are given off small papillae 
covered with several irregular layers of 
neoplastic epithelial cells. 

3. Adenocarcinoma. This variety of car- 
cinoma arises from tissues normally com- 
posed of or containing epithelial glandu- 
lar structures. The tumor consists of 
fibrous stroma of variable dimensions 
which support one or more layers of 
cuboidal or columnar cells airanged in an 
alveolar or ductUke fashion (Fig. 3i..iU). 
Tortuous ductlike structures frequenUy 
are formed, as are cystic spaces containing 
Bclatinous or mucoid material. The cells 
Ly assumt a papillary t;p= o£ growth, 
and, if the process is especially anapmtic 
little tendency toward formation of al- 
%eoli or ducts may be evident. Instead, 
the growth appears as dillusc or solid 
sheets or nests of cells with slight re- 
semblance to the parent suuciure from 
which the tumor arose. 

4 Other types of carcinoma. Another 
variety of epithelial malignant lesion is 
Uiat commonly referred to as hyperneph- 
roma of the kidney. This is a renal 



FIG. 32.20 -Cy*la<U- 

noeoreinoma of 

ovory of a 
MetotloiU 10 lh« 
hod otcorr«d. 
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carcinoma that arises either from the 
adult tubules or from foci of nephrogenic 
tissue that have persisted in the renal cor- 
tex. Hypernephroma of the kidney ap- 
pears to be rare in chickens. 

Olson encountered a hypernephroma in 
the kidney of a hen about 1 year old. The 
bird died with extensive lymphocytoma of 
the visceral organs. The hypernephroma 
was a well-encapsulated, firm, round mass 
in the posterior pole of the left kidney. 
The tumor was 4.5 cm in diameter. The 
cut surface was solid, and thin bands of 
connects e tissue separated islands of 
yellow-tinged, gray-tvhite tumor tissue 
which resembled the adrenal gland. The 
tumor was composed of large cells with 
a foamy cytoplasm which resembled iho.s« 
of the adrenal cortex. There was no evi- 
dence of virilism of the bird, and both 
adrenals were normal. 

Metastasis. Carcinomas, being malig- 
nant neoplasms, have the tendency to in- 
filtrate or invade the surrounding tissues, 
and if the circumstances are propitious, 
new foci of growth and destruction are 
likely to be set up in the immediate vi- 
cvniiy of the parent giowih or in tissues 
distant from the primary lesion. 

In carcinoma of mammals the usual 


route of metastasis is by way of the lym- 
phatics, with the blood channels involved 
infrequently. In chickens the lymphatic 
route of metastasis is apparently little 
utilized. As a matter of fact, true metas- 
tasis of carcinoma in chickens as a con- 
sequence of the conveyance of tumor cells 
from one situation to another by way of 
vascular channels seldom occurs. Ovarian 
and oviductal carcinomas early become 
disseminated throughout the abdominal 
tissues, but this results as a consequence 
of implantation rather than by true vas- 
cular metastasis. Distant metastatic growths 
may be established from these tumors but 
are of exceptional occurrence (Fig. 32.21). 
A few instances have been observed in 
which carcinoma primary in the intestines 
has metastasized to the liver and to the 
lungs. 

Diagnostic characteristics. Of primary 
importance in distinguishing carcinoma is 
the diaractei of the tissue in •which ilw 
tumor occurs. Being composed of ep*' 
iheiial elements, carcinoma should be 
thought of when neoplasia occurs in surii 
tissues as the skin or the mucous mem* 
brane or in organs in tvhtch epithelial 
tissues are present. These tumors usually 
exhibit invasive or infiltrative tendencies 
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and frequently give rise by implantation, 
or less often by metastasis, to secondary 
foci. Microscopically, although the pic- 
ture is subject to marked variation, carci- 
noma usually is characterized by the 
ence of immature epithelial cells growing 
in an atypical infiltrative manner vriih- 
out the apparent guiding influence that 
governs normal growth or repair. 

MESOTHELIOMA 

Neoplasia of the mesothelial cells cover- 
ing the serous surfaces of the peritoneal 
cavity appears to be rare in the dricken. 
Olson and Bullis (1942) described one 
case of a 9-month-old pullet. In this case 
two pedunculated masses of tumor having 
a combined weight of 49 gm. were at- 
tached by stalks to the wall of the abdo- 
men and the ovary. There was marked 
ascites. Eber and Malke (1932) mentioned 
four cases of what were probably mes<^ 
theliomas of the peritoneum. Eber and 
Malke designated these tumors as endo- 
thelioma." In these cases there were 
numerous tumorous nodules spread over 
the serosa of the proventriculus, intestine, 
oviduct, and mesentery. In all cases micro- 
scopic examination revealed masses of 
neoplastic tissue composed of large cells 
which had a distinct fibroblastic charac- 
ter. These cells tended to form cylindri- 
cal strands, although there were 
in which the cells were loosely arranged. 

Mesothelioma may arise from the serosa 
of the peritoneum or the pericardium. 
The structure of such tumors may c 
variable since the mesothelium is of 
dermal origin, and immature memUidial 
cells may have the ability to develop into 
connective tissue cells. In the case of meso- 
thelioma described by Olson and Bullis. 
the polyhedral cells tended to form sheet- 
like masses, although in some regions 
iliey appeared to be compressed to a 
spindle shape. The cases described by 
Eber and Malke as endoUielioma might 
be considered as mesothelioma m w-hi^ 
the elements displayed more of the tio^ 
bUsiic character than the tendency to o 
sheellike masses. 


Although mesothelioma appears to be : 
rare tumor in the chicken, it is important 
since it might readily become confused 
grossly with lymphocytoma or carcinoma. 
Careful study may be required to enable 
one to distinguish between these con- 
ditions. 

MIXED TUMORS 

For convenience we have classified 
certain tumors o£ varying degrees o£ com- 
plexity as mixed tumors. The less com- 
plex ace those whose cells, although de- 
rived from more than one germinal layer, 
are in a rather advanced state of develop- 
ment and whose potential differentiation 
is subject to definite testtictions. The tu- 
mots of chickens in this category include 
thymoma and the so-called carcinosar- 
coma. A more complex group of mixed 
tumors is that known collectively as 
teratomas. These are also composed of 
cells derived from more than one germi- 
nal layer but differ from the less complex 
mixed varieties just mentioned m that the 
cells giving rise to a teratomatous growth 
have multipolem potentialities and are 
capable of unrestricted differentiation, in 
teratomatous tumors, therefore, one may 
recognize tissues representing all three 
germinal layers, some of which may have 
lltaiiied ihe spedalited differentiauon 
characteristic ot adult tissues or olgans. 
In chickens the most Itequently encoon- 
tered teratomatous tumors are those of me 
ovary, the kidney, and the test.cle, A third 
Etoop of complex tumors arc those desig- 
Lied embrjonal nephroma, which arise 
from primitive mullipotent mesodermal 
cells that have divergent capacities for dit 
ferentiation. . 

Thymoma. In chickens, tumors that 
arise from the parencliymal tissues of tfte 
diymus are among the rarer forms of 
plisia. Feldman (1936) mem.oned a m e 
reported by Saupe and described 0“ case 
of^s own In die lallcr inslanm me m 
mor occurred in a rooster ol 
rlymoulh Rock breed “f ** f “J ; 
that had been killed for lood JJ' 'S 
occupied me ventral aspect of the retvical 
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region, extending from the thoracic aper- 
ture fonvard for a distance of 10 an. The 
mass measured 10 X 5 X ^ cm. and 
weighed approximately 250 gm. Micro- 
scopically, the tumor consisted of a richly 
cellular structure composed largely of in- 
tertwining sheets or bundles of polymor- 
phic cells. A moderate number of cells 
were undergoing mitotic division, and in 
one region concetitric whorls of closely 
packed cells resembling Hassali’s cor- 
puscles svere seen. A minimal amount of 
lymphoid tissue was present. The sinic- 
lure was well supplied with blood vascu- 
lar cliannels. Metastasis had not occurred. 
It was thought that the tumor arose from 
the reticulum cells of the thymus. Two 
cases of tliymoma similar to the foregoing 
were found by Olson and Bullis (1912). 

Until additional cases provide material 
for the study of thymic tumors in chickens. 
Uteir morphologic variations and their ef- 
fects on the host will remain obscure. 

Carcinosarcoma. A tumor somewhat 
similar to that which we have designated 
as carcinosarcoma has been described by 
Jackson (193Ga, b) as "carcinoma leiomyo- 
tosum." Jackson's term indicates an adeno- 
carcinoma with a stroma of smootli muscle 
fibers. Jackson expressed the belief that 
the stroma of muscle fibers is merely a re- 
action on the part of the host to the 
grosvth of the neoplastic epiUiclial ele- 
ments. GHetenbcrg (1927) described a 
similar process in the oviduct as a "myo- 
cystadenoma," implying that both muscu- 
lar and epithelial dements were neoplas- 
tic. Joest and Emesti (1915) took a similar 
stand with respect to 2 tumors whicli they 
diagnosed as "adenomyoma." A third 
mixed neoplasm with many peritoneal im- 
plants was diagnosed by them as "sarcoma 
carcinomatodes." Olson and Bullis (1942) 
found 7 cases of tumors which they 
termed "carcinosarcoma," all of which 
were widely implanted on the serosal 
covering of the viscera (Fig. 32.2^. The 
epithelial elements in these cases appeared 
to have come from the ovary, pancreas, 
and adrenal. The supporting stromal tis- 
sue was considerable in amount and if 


seen alone would have been considered as 
fibrosarcoma (Fig. 32.23). The presence 
of acini of epithelial cells constitutes a 
disquieting feature to an otherwise simple 
diagnosis in such cases. Bundles of smooth 
muscle cells also can be demonstrated in 
the stroma of tlicsc tumors in regions re- 
mote from svhere they would normally be 
cxpectal. An interesting finding svas a 
concomitant smooth muscle tumor of the 
mesosalpinx in 4 of tJie 7 cases of carcino- 
sarcoma. However, these leiomyomas were 
regarded as incidental findings. 

Foulds (1937) described "mixed” tu- 
mors in tlte course of transplantation ex- 
periments w'iili a carcinoma of the chick- 
en. The original tumor was believed to 
have arisen from the slicIlscCTCting 
glands of the oviduct. In one series of 
transplants, bone tissue vvas found mixed 
with the carcinoma cells. Foulds discussed 
this feature at some length and concluded 
tliat the bone was formed either in the 
hyaline matrix seoeted by the carcinoma 
cells or in Uie fibroblastic stroma pro- 
duced by the host. 

The tumors wc classify as carcinosar- 
coma can be interpreted in different way*. 
They may be simple adenoarcinomas in 
which a highly active sirom.'tl reaction o^ 
curs and, therefore, may be considered as 
scirrhous adenocarcinoma. They may 
have originally been simple carcinomas 
which stimulated a stroma to the e.xtent 
that it became neoplastic. On the other 
hand, they may have begun initially as 
true mixed tumors. The presence of 
smooth muscle tissue mixed with fibro- 
blasts and Uie apparent ability of die con- 
nective tissue elements to form peritoneal 
implants free of the epithelial component 
suggest the malignant nature of the stroma. 
Jackson commented that sucli implants 
be explained on the basis of assum- 
ing a primary implant of die carcinoma 
which became destroyed by the more rap- 
idly growing stroma. Carcinosarcoma 
should not be confused with the process 
occasionally noted in which a connecuve 
tissue tumor infiltrates a glandular struc- 
ture and causes metaplasia of the epithc- 
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lia! elements. Such a process might simu- 
late a carcinosarcoma. 

Although there is some confusion sur- 
rounding carcinosarcomas at tliis time, 
such neoplasms as described do seem to 
exist as an entity in the chicken and can 
be distinguished from other neoplasms. 
Future study should clarify their position 
as well as determine their histogenesis. 

Teratomatous tumors. Our experience 
agrees with that of Hoogland (1929) that 
m the cliicken, teratoma and teratoid tu- 
mors occur most frequently in the ovary 
and in the testicle. A teratoma of the ovary 
of a goose was recorded by Babic (1931). 
Grossly, those of the ovary have resembled 
carcinoma, and a microscopic examina- 
tion has been necessary to reveal the true 
character of the neoplastic process. Usu- 
ally the ovary has been involved exten- 
sively, and secondary foci representing 
implantation metastatic growths were 
commonly present. The propensity for 
ovarian teratoma to produce cysts con- 
taining gelatinous or mucoid material was 
well illustrated in several of our cases. In 
two of the six cases in our collection, 
metastatic foci had been esublislicd in 
the lungs 

The microscopic appearance of these 
tumors is of some interest. A brief sum- 
mary of the histologic characteristics of 
the six cases mentioned follows: 

Case 1. The growth consisted of a mix- 
ture of (1) squamous epithelium; (2) 
columnar epithelium, with and without 
mucin; and (3) primitive mesodermal 
cells, with definite sarcomatous changes 
Metastasis to the lung, largely of coIm- 
nar epithelium, had occurred. 

Case 2. Much of the tissue had an em- 
bryonic appearance. The tumor consisted 
of (1) large mucus-forming epithelial 
cells, which were inclined to form cysts 
containing mucus; (2) squamous epi- 
thelium with central areas of keratin; and 
(3) large amounts of sarcomatous tissue 
of the histiocytic variety in which mitosis 
was common. The pulmonary metastasis 
was predominantly sarcomatous. 

Coj^ 3. The mass was quite cystit; and 


the following varieties of epithelium were 
discernible; (I) squamous, (2) high co- 
lumnar. (3) low columnar, and (4) epi- 
thelium composed of mucus-containing 
cells. 

Case ■}. The tumor tvas epithelial in 
character and contained squamous cells 
and tall columnar and low columnar cells. 

Case 5. This tumor was a mixture of 
epithelial and undifferentiated sarcoma- 
tous elements. Epithelial cells with and 
without mucus and with cilia were dem- 
onstrated. 

Case 6, There were present nests of 
squamous epidielial cells and regions of 
papillary adenocarcinoma. 

In the six cases mentioned, the occur- 
rence of squamous epithelium with the 
formation of central regions of keratin 
was the most characteristic feature (Fig. 
32.24). The mesodermal elements fre* 
qucmly exhibited a bizarre picture, with 
undificrentiation a notable feature. In Uie 
ovary as well as in the testicle, cells occur 
which have the inherent possibility of pro- 
ducing tissues representing all three em- 
bryonic layers. From such elements, com- 
plex, jumbled, tumorlike conditions may 
arise that may represent an attempt to 
produce an embryo. However, in our 
material none of the ovarian teratomas 
contained tissue representing the ento- 
derm; all were didermic in character. Ap- 
parently in the chicken tridermic tera- 
tomas are of rare occurrence. 

We have observed one didermic tera- 
toma of the testicle, and Jackson (1936a) 
mentioned a tridermic teratoma of the 
testicle of a rooster. Our specimen was ap- 
parently similar in many respects to that 
described by Olson and Bullis except that 
W'e did not find any cartilage in ours. A 
few irregular islands of squamous epi- 
thelium were also discernible in the midst 
of mesodermal elements. Babic described 
two cases of teratoma of the testis in 
chickens. 

The teratomas of the testicle may attain 
considerable size. The specimen desaibed 
by Olson and Bullis measured 13 X 1® ^ 

7 cm. and weighed 606 gm. (Fig. 32.25). 
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FIG 32>24 — Didp/mif 
terotoma of the ovory 
of a I-year-old chiek- 
en. sev»^o} ep/- 

theliol "pearl»" sur- 
rounded by sarcoma- 
tous sfromo. X)20. 


In a teratoma that probably aroie in the 
left testicle of a 21-tnonth-old rooster de- 
scribed by Sheather (1911), ihe mass 
measured 15 x 11.5 X 7-5 cm. and 
'weighed 500 gm. These tumors are usually 
well encapsulated and have an irregular 



nodulated surface. The color varies from 
grayisli-whiie to dark livid. Necrosis is 
common, and c)sis of variable sites are 
likely to be present. Pohl described what 
he designated adenocarcinoma of the tes- 
ticle of a rooster that we believe was 
probably a teratoma. 

Teratoma of the testis has been pro- 
duced experimentally in chickens by 
iMichaloiwki (Bagg, 1936), Bagg (1936), 
and Palin and Gromzewa (1940). This has 
been accomplished by repeated intraies- 
licular injections of small quantities of 
zinc salts (chloride, sulfate, and nitrate). 
All associated seasonal factor is present in 
that teratomas of the testis can be pro- 
duced only during early spring. This fac- 
tor may be affected by administration of 

195]) succeeded in making two successful 
transplaius of a spontaneous ovarian tera- 
toma of the chicken. 

embryonal aephroma. This tumor, 
which we base classiBcd perhaps more or 
less arbitrarily with die mixed tumors, 
usually originates in the kidney and is one 
of rlie commoner neoplasms of cJiickens. 
.Vmoiig the lenns applied to this neoplasm 
arc adenoma, cystadenoma. adenomyo- 
sarcoma. sarciscardnoma, sarco-adenoma. 
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rhabdomyo-adenosarcoma, adenosarcoma, 
and Wilms’ tumor. 

Since it is generally agreed that these 
tumors arise from primitive nephrogenic 
tissue, a term that indicates their origin 
rather than one which may be descriptive 
in a morphologic sense would scera de- 
sirable. For this reason we believe that 
these tumors, regardless of tlie variations 
of their structural pattern, should he 
designated embryonal nephroma. 

Histogenesis. It seems a reasonable pre- 
sumption that this tumor, which is cliarac- 
terized by more or less unpredictable 
structural variations, has its origin, re- 
gardless of anatomic differences that may 
occur in different specimens, in a multi- 
potent type of nephrogenic cell. Such a 
cell possesses all the capacity for differenti- 
ation inherent in an immature mesodermal 
cell 

While the vast majority of embryonal 
nephromas occur in the substance of the 
kidney, these tumors may arise anteriorly 
or posteriorly, separate and removed from 
the nephric tissue (Feldman, 1950). The 
origin of embryonal nephromas in extra- 
nephric situations may be explained on 
the basis of the failure of certain portions 
of the mesonephron to be utilized in the 
development of the permanent kidney. 
These remains of the Wolffian body, in- 
stead of retrogressing, continue to grow 
but without the guiding influences charac- 
teristic of normal tissues, and a neoplastic 
process results. 

Frequency of occurrence. The relative 
incidence of the occurrence of embryonal 
nephroma in chickens is uncertain. How- 
ever. it is generally believed that it occurs 
more commonly in chickens than in mam- 
mals. Reliable statistical data on the in- 
cidence of embryonal nephroma are mea- 
ger. Among a total of 113 chicken tumors 
exclusive of those designated “leukotic tu- 
mors” reported by Goss (1940a), 4 were 
considered embryonal nephromas. In 
Jackson’s (1936a, p. 418) series of avian 
neoplasms, the embryonal nephromas ac- 
counted for 3.5 per cent of the total. Olson 
and Bullis (1942) found 21 (5.5 per cent) 


embryonal nephromas among 384 tumors. 

There is no evidence that one sex is 
more susceptible to the development of 
embryonal nephroma than the other. Al- 
though the majority of these tumors are 
discovered in chickens during the young 
adult or adult stage of life, their histo- 
genesis provides possibilities for their 
early development. In fact, it is likely that 
in many if not most instances these tu- 
mors are present and of demonstrable 
proportion when the chick is hatched. 
Whether or not breed is of signifiance 
in Uic occurrence of embryonal nephroma 
is problematic. Mathews {1929a) ex- 
pressed the opinion that the Barred Ply- 
mouth Rock breed shows a particular 
predisposition for the development of this 
tumor. 

Sil« of occurrence. Most embryonal 
nephromas are found embedded in or 
arising from the substance of the kidney, 
although occasionally a specimen is en- 
countered iJiat has no direct contact with 
this organ. The tumors are usually uni- 
lateral. In 31 of a series of 41 cases in our 
collection, one kidney only was affected, 
and in 10 cases both kidneys vs’ere affected. 
Although there has been an impression 
that the left kidney is involved most often, 
in our material of 31 unilateral embryonal 
nephromas, 15 occurred in tlie right kid- 
ney, 14 occurred in the left kidney, and 
in 2 instances the specific kidney affected 
is not known. Jackson (1936a), however, 
mentioned that in 4 specimens in his col- 
lection in which the site of occurrence was 
known, 3 arose from the left kidney and 1 
from the right kidney. 

Effects on the host. As with many other 
neoplasms of chickens, it is difficult to de- 
termine what die effect of die presence 
of an embryonal nephroma may be on ih^ 
well-being of the animal. Since in 
chicken embryonal nephroma seldom i' 
ever gives rise to recognizable objective 
symptoms, one must conclude that if only 
one kidney is involved and if metastasis 
has not occurred, the presence of a tumor 
of this kind is not likely to be a serious 
physiologic handicap. Exception must of 
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course be taken in those instances in which 
the tumor is unusually large. 
such sue as to occupy a considerable po- 
tion ol the abdominal cavity must 
a source o£ discomfort to the hosL Paraly- 
sis may result if the tumor causes pressure 
on the nerves to the leg. If 
rhagic c)sts should rupture or t 
are extensive regions of necrosis, secon 
disturbances may develop. If , 

should occur, the usual effect of ^ 
lesions may be expected. If boil^ '* 
are affected and the neoplasuc 
extensive and progressive, it is concmabie 
that sufficient nephric tissue may 
stroyed to prevent adequate secre i 
urine. . Tj,- 

Gross and microseapic descrip 
gross appearance of embryonal . 

is subject to considerable vartauon d^^ 

pending on the size and anato 
«ion. The size varies 'vithin wide 
from a small focus of t-idney 

embedded in the substance of 
to huge lobulated masses tlia 
placed^nearly all of the nephr.c 

of OOP “.ll “r„w‘20oS-. »”'* 


uitd 15 X >“■= X in “d weighed 

^ ^^The color moy be yellowy 
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molrspecooens have a 
consisiency. smaU ro large cyvis ^ 
oE necrosis may provide 
soCt and spongelike. SmaU. hard, p^y 
nodules may be recogniied in some spea 
= /Fiu ^ 51 "61. Such dense material 

“rEoSi^:hindanreina,a.gtkem- 

uniring embryonal "0P>‘">“» 
descried some years ago (Feldman and 

"'SLugh’ ure conmur o£ these tt^om 
is usually inegular and IrequenUy mtCT- 

“ptcimm“p”'' Jsly uStioned 

:-!r 

gju,ish.,eUo^.,^keruemc^ “-t“ce =f -hJ 
mmur a snikingly^ pebbled or bosselated 
“’’flm’tumors are usually well 

snluood vessels, and in large speamem 


placed nearly all 01 tne nep.— i,|„od vessels, ...u •■■o- -r 
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gin, weighed approkimaiely 200 when the interior of 
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large kera.ininng embryonal ^ Jun, die distinct 


large keratinizing embryonal ‘ 
a &-monih-old Barred Roc . 
observed at the Ontario e — 

lege (1945). Two of the 

one large and one small. meas- 

larger specimen was notewori y. 


dSm the distinct lobulations axe often 
Apparent. Cysts, if present may contatn 
a sraidear or hemonhagic ffuid. 

Tlie multipotent embryonic chatacict of 
.hJereuients which give rise .0 embryonal 
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nephromas provides for the widest pos- 
sible variation of their microscopic ap 
pearance. The structure may be relatively 
simple or confusingly complex even within 
the substance of the same tumor. The 
most consistent feature is the great vari- 
ability of their histologic appearance. No 
two are alike. It is difficult, therefore, to 
compose a written description of the 
microscopic features of a "lypical’' em- 
bsyowil nephroma. In cases in wluclx the 
disease is represented by the occurrence 
of a tiny focus just visible grossly, the es- 
sential morphologic features consist of a 
compact, more or less diffuse region of 
undifferentiated spherical or oval cells 
situated in the cortical zone of the kidney. 
Encapsulation is not evident, and the neo- 
plastic cells at tlte periphery of the lesion 
are infiltrating into the surrounding sub- 
stance of the kidney In large specimens 
in which it may be presumed (hai the 
process has existed (or a long period, the 
microscopic picture is more bizarre. The 
parenchyma of the tumor is highly cellu- 
lar, and irregular septa of connective tis- 
sue dividing the tumor into indistinct 
lobules may or may not occur. The paren- 
chyma of the process usually presents 
tubules or ductlike structures (Fig 32.27) 


Frequently, solid nests of cuboidal cells 
arranged in an acinar fashion may pre- 
dominate. The ductlike or tubulelike 
spaces arc lined by single or several layers 
of cuboidal or columnar cells which ap- 
parently arise from the surrounding un- 
cUilcientiated elements. 

In some regions the undifferentiated 
dements, which may be cuboidal or 
spindle shaped, constitute the predoroi- 
uant (eatute ot tlse histologic picture. In 
other regions epithelial elements as repre- 
sented by the adenomatous cliaracter of 
the structure are the most striking fea- 
ture. Since the structure of tire majority 
of these tumors represents a mixture of 
undifferentiated and differentiated cells, 
no useful purpose is served by attempting 
10 determine in a given specimen which 
of these elements predominates. 

Although [he tubular spaces in many of 
these tumors when examined microscopi- 
cally are .ipparently empty, in some a 
mucinlike substance that is probably the 
product of (he cells lining die tubules oc- 
curs. If this substance is produced in ex- 
cessive amounts, large cysts are formed. 
Striking evidence of the muliipotent po 
tcniialiiies of die cells which give rise to 
embryonal nephroma may be found in 
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specimens that contain, in addition to the 
undifferentiated sarcomatous elements, 
typical hyaline cartilage and bone. We 
have not recognized striated muscle in our 
material, although this tissue could con- 
ceivably occur. 

Fairly frequently, embryonal nephromas 
of the chicken are encountered in which 
epithelial elements reveal a marked epi- 
dermoid differentiation. This occurred in 
varying degrees in 6 of 20 cases we have 
studied. These changes may consist of 
small foci of rather typical squamous cells 
resembling in every respect epiihcHaf 
"pearls.” An occasional embryonal neph- 
roma may occur in which keratinizaiion is 
a predominant feature. 

The vascular supply of the tumors is 
usually considerable, and hemorrhagic ex- 
travasations with organizing or organized 
blood clots may be present. Edema is 
present sometimes among the stromal ele- 
ments, and a few to large numbers of 
eosinophilic granulocytes may occur pro- 
miscuously iltroughout the tumor. 

Afetestaiis. Although mitosis and other 
evidences of instability and progression 
are commonly observed in embryonal 
nephroma, metastatic dissemination of 
these tumors appears to be relatively in- 
frequent. Metastasis has been recorded by 
Jackson (193Ga), by Mathews (1929a), 
and by Duran-Ileynals {1946b), but has 
not been demonstrated in the material at 
our disposal. In our experience most of 
the larger specimens have been rather well 
encapsulated, and while infiltration of the 
neoplastic elements into the substance of 
the kidney occasionally occurs, this is 
infrequent. As a matter of fact, tlic fibrous 
zone of connective tissue that is usually 
present between the neoplastic and the 
ncphric elements must be considered a 
formidable barrier against the invasive 
tendencies of the tumor. The dcsinictivc 
effect on the kidney of many enibrjonal 
nephromas is due to the pressure atrophy 
and odicr retrograde influences that ensue 
as a consequence of the gradual, progres- 
sive expansion of tlic growth. It should be 
kept in mind, however, that dtesc are at 


least locally malignant tumors, and most 
if not all of these should be capable of 
setting up metastatic foci if circumstances 
are propitious. 

TramplantabiUly. Duran-Reynals (1946b) 
attempted transplants from 10 spontaneous 
cases, 7 of which proved nontransplantable. 
One yielded a fibroma type of growth, and 
grafts from another resembled the original 
embryonal nephroma with sarcomatous fea- 
tures. Neither of these could be carried in 
serial passage. The third transplantable 
embryonal nephroma was carried in regu- 
lar serial passage as a sarcoma. Duran- 
Reynals and Shrigley (1946) are inclined to 
regard this as an independent sarcoma 
since a cell-free etiological agent was 
demonstrated. 

The renal adenocarcinoma produced by 
the ES-4 leukosis virus was mentioned in 
the section on fowl leukosis (Carr, 195fi). 
Ishiguro el al. (1962) and Heine et al, 
(I9G2) have studied the nephroblastomas 
produced by the BAI myeloblastosis virus 
in considerable detail and consider it to 
closely resemble the Wilms' tumor since 
they contain all tlie elements of the em- 
bryonal nephroma. 

Diagnostic characteristics. In chickens, 
as Jackson (1936a, p. 351) pointed out, 
embryonal nephroma should always be 
considered when a tumor occurs in or near 
the kidney or when a tumor is encountered 
suspended from the lumbar region al- 
though somewhat removed from the kid- 
ney. Microscopically, these tumors are usu- 
ally entirely unlike any other neoplasms. 
The mixture of undifferentiated cuboidal 
or spindle cells and of adenomatous epithe- 
lial structures, keratin, cartilage, or bone 
should be sufficient for tlicir correct identi- 
fication. 

CONCOMITANT NEOPLASIA 

Concomitant or multiple neoplasia, in 
whid] two or more disiinci types of neo- 
plastic disease occur in the same bird, ap- 
pears to have received little attention in 
the i*asi. Although mujiiple neoplasia lias 
been noted In other animals, especially old 
dogs (Feldman, 1932). only a few com- 
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ments were found in the literature on 
concomitant neoplasia of the chicken. 
Perhaps the fact that relatively few chick- 
ens are allowed to attain advanced age may 
be a factor in the apparent infrequency 
of multiple neoplasia. Another explana- 
tion for the relatively few observed cases 
is that they are not recognized since rela- 
tively few diagnoses of spontaneous avian 
neoplasia are made witli the aid of histo- 
logic examination. Thorough histologic 
examination is obviously necessary for the 
recognition of instances of concomitant 
neoplasia, for without such an examina- 
tion, unexamined foci of tumors may be 
assumed to represent metastasis of a pri- 
mary growth. 

Jackson (1936a) discussed "colUsion” 
tumors in which elements of two distinctly 
diRerent neoplastic processes become in- 
termingled to aeate the impression of a 
"mixed" tumor. He described an instance 
of a histiocytic sarcoma and myelocytoma 
occurring in the same cliicken. Babic 
(1931) described a chicken which had a 
hbroma of the intestine in addition to 
hemangioma of the liver, kidney, and 
serosa of the proventriculus. Jdrmai 
(1939) found both fowl leukosis and 
hbrosarcoma as concomitant tumors in a 
parakeet. 

Olson and Bullis (1942) observed 19 
instances of concomitant neoplasia in a 
collection of 384 neoplasms found in 365 
chickens. Of 6 chickens that had lympho- 
cytoma, 4 also had embryonal nephroma, 
1 had neurogenic sarcoma, and 1 had 
leukosis. Of 3 chickens that had fowl 
leukosis, 2 also had myelocytoma, and I 
had fibrosarcoma. Of 6 birds that had 
leiomyoma, 4 were also affected with car- 
cinosarcoma, and 2 with carcinoma. 
Myelocytoma and embryonal nephroma 
were found in I chicken. Histiocytic sar- 
coma and hemangioma were concomitant 
tumors in 1 chicken; adenoma of the thy- 
roid and melanoma of the tongue, in 
another; and a third chicken had an 
adenoma of the pancreas and a fibrosar- 
coma in the pelvic cavity. 


The possibility of an etiologic relation 
between neoplasms occurring simultane- 
ously in the same chicken is suggested in 
cases of concomitant neoplasia. Experi- 
mentally, several strains of the agent re- 
sponsible for fowl leukosis have been 
shown to be capable of inducing fibro- 
sarcoma. The spontaneous occurrence ol 
this combination of concomitant neoplasia, 
therefore, may not be entirely due to 
chance. 

Since certain types of spontaneous tu- 
mors are relatively common in the chicken, 
the occurrence of the more common varie- 
ties in birds of a group under experimental 
observation may be anticipated. This prob- 
ability necessitates extensive and careful 
provision for the control of experiments 
designed to attempt transmission of neo- 
plasia in chickens. Concomitant neoplasia 
may ocatr in sudi experimental birds. 
Usually sucli cases should be interpreted 
as a spontaneous neoplasm which occurred 
in a bird in which a second type of neo- 
plasia also had developed as the result of 
experimental inoculation. An example » 
the association of lymphocytoma and fowl 
leukosis in a chicken which had received 
material containing the causative agent 
of fowl leukosis. Olson (1936) observed 
two such instances and regarded the lym- 
phocytoma as of spontaneous origin and 
unrelated to the fowl leukosis. 

Concomitant neoplasia may develop in 
experimental birds treated with carcino- 
genic agents. Murphy and Sturm 
reported the finding of leukemia and 
adenocarcinoma in a chicken that had re- 
ceived intramuscular injections of “i- 
benzanthracene in lard. The dibemanthra- 
cene was regarded as responsible fof 
development of both neoplastic processes. 

TUMORS OF BIRDS OTHER THAN 
CHICKENS 

Various types of neoplastic disease have 
been reported from different species ot 
both svild and domesticated birds. A 
though adequate data are not availab 
to make absolute comparisons, in no other 
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single species of bird do tumors appear 
as likely to develop as in the domestic 
chicken. 

The observations at the University of 
Leipzig from 1899 to 1931 indicate the 
relative incidence of neoplasia among 
vanoDs domesticated species ol birds 
(Eber and Malke, 1932). During this pe- 
riod 2,353 pigeons were submitted to ne- 
cropsy, and 14 were affected with neoplas- 
tic disease, an incidence of 0.6 per cent 
Of 720 geese examined, 1 had "chondro- 
sarcoma myxomatodes." Among 692 ducks, 

1 had adenocarcinoma of the liver; among 
459 turkeys examined, 2 had neoplasms 
of the liver (mixed cell type of sarcoma): 
and among 204 pheasants, 1 had adenoma 
of the lung, and 1 had myxosarcoma of 
the liver. In the same interval of time 53 
guinea fowl, 52 peacocks, and 25 swans 
were examined, in none of which was 
neoplastic disease found. A total of 11,903 
chickens were examined, and 3.12 per 
cent (371) had tumors. Babic (1951) in 
Vugoslavia reported 16 cases of neoplasia 
in birds otlier than chickens. These svere 
encountered during the period between 
1923 and 1931. In this interval 59 pigeons 
were examined, 5 of which had tumors; 
27 parakeets, 3 of which had tumors; 45 
Canaries, 1 of which had a tumor; 40 
geese, 2 of which had tumors: 29 turkeys, 

2 of whicll had tumors; 10 pheasants. 1 


nf which had a tumor; 14 owls, of which 
I had a tumor; 2 storks, of svhich 1 had 
a tumor. Of 81 ducks examined, none 
revealed the presence of neoplasia. 

Fox (1923) listed 44 neoplasms found 
in captive wild birds. Eleven varieties ol 
tumor were identified. Species most coca- 
monly affected were in tlie family of Psit- 
tacidae and accounted for 23 of the cases, 
16 of which were in the undulated grass 
parakeet (Melopsiliacus undulalus). It is 
of interest to note that in a bird of this 
species Jirmai (1939) found a sarcoma 
and Cosvl leukosis, and Sdilumberger 
(1954) has reported over 100 spontaneous 
pituitary turnon in parakeets. Epidermoid 
carcinomas of the feel of wild birds were 
reported byEmrael (1930). 

Neoplasms in other species of birds are 
quite similar in general duracter to those 
found in chickens. Most reports in the 
literature concern cases ol epithelloblas- 
(oma and tumors of connective tissue. Ap- 
parently lymphocyioma may occur to a 
signilicani extent in turkeys. Simpson et al. 
(1957) report the disease in 60 of a flock 
of 1,200 8-month-old turkeys. Most of these 
were nodular in character suggesting par- 
tial resistance of the host Neoplasia of 
the lymphoid cell system may be en- 
countered occasionally in various spedes 
of birds but in none is it as common as 
in the chicken. 
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External Parasites of Poultry 


Ectopaiasites o£ poultry comprise a rela- 
lively large group. Certain species are w 
known, but it is difficult to evaluate the 
importance of some because their distri- 
bution has not as yet been accurawly 
determined. Furthermore, those parasites 
believed today to be of relatively minor 
importance may prove later to need mor 
attention as tlieir number increaws or a 
they become more widely distributed or 
recorded. Because of the large f 

species of external parasites of hi™ 
this discussion will primarily be limited 
those of the domesticated chicken, turlcey, 
guinea fowl, duck, goose, and pigeon 
the mainland of North America. 

Before considering the externa P®” 
sites individually, it appears ‘ 

review die group. This will . 

with relation to the internal parasi 
to the animal kingdom in general. 

Basically, external parasites are a 
living forms whicli. for die purpo 


securing food, live on the exterior of the 
host’s body. Thus might be included not 
only animal parasitic forms but also «r- 
tain viruses, and parasites belonging to the 
plant tingdora. such as the bacteria, moiife 
fungi, and yeasts, some of which atta* 
ihe^slin or feathers. However, of chief 
concern aie ihose aoimat forms that live 
as paiasiies on birds. Even some of these 
do not confine ihemselves entirely lo the 
surface, allhough probably at some re- 
mote period of evolution they were smeUy 
external parasites. Examples of ^is pe- 
culiarity include the scaly-leg m^ite that 
tuunels into the epithelium of 1^' 
lees, certain quill mites that enter the 

q^ill bases, and “t' kto and 
me mites that live beneaUi the km and 

in the internal oigans, ^,ctually 

Certain ectoparasites of birds actually 
ea?i“ d=ad cSls of die tlti" Tf 

Mfidaces e.g.. Hce. However, for most of 
Sem die sWn merely serves as a conven- 


fW5) 



926 


E. A. BENBROOK 


lent medium through which they draw 
blood or lymph and from which they ob- 
tain warmth and shelter. 

Ectoparasites may be closely confined 
to their hosts during the entire life cycle, 
as is true for bird lice, transmission taking 
place by host contacts. Others wander 
freely from bird to bird. Some are highly 
host specific, which contradicts the view- 
point that chicken lice, for example, 
propagate on horses or other animals. On 
the other hand, some species may main- 
tain a rather loose relationship to their 
food supply. Adapted as they are to living 
on birds, they do not always confine their 
activities to one particular host species or 
even to birds as a group, Such forms in- 
clude certain of the host-cosmopolitan in- 
sects: the gnats, mosquitoes, bedbugs, and 
fleas. Other external parasites, e.g., the 
fowl lick and the common red mite, at- 
tack birds only at night, hiding in sur- 
rounding shelters during the daytime. 

Variations in habits such as noted above 
are important when control measures are 
to be considered. Mites, as a group, can- 
not be successfully controlled by any 
single method of attack because of habit 
variations among species. This indicates 
the necessity for accurate Identifications as 
a preliminary. In case of doubt the various 
state and national diagnostic services may 
be called upon for assistance. 

CLASSIFICATION 

Practically all external parasites of birds 
belong in the invertebrate animal group 
(phylum ARTHROPODA). The arthro- 
pods are jomted-limbed animals without 
a vertebral column. Nearly all those para- 
sitic on birds and on other animals arc 
further characterized by having tracheal 
tubes for breathing. 

Arthropods with antennae include the 
parasitic insecu (class INSECTA), such 
as lice, ‘•bedbugs,’’ fleas, beetles, flies, and 
gnats. Of tliese, only the last three have 
wings. The insect body is divided into 
head, thorax, and abdomen. The legs and 
the wings (if present) are attached to the 


thorax. Insects are further distinguished 
by fiaving three pairs of legs in the adult 
stage. 

Arthropods not having antennae in- 
clude the spider-related arachnids (class 
ARACHNIDA) of which many of the 
mites and all of the ticks are parasites. The 
arachnid body consists of a combined 
head and thorax (cephalothorax) not usu- 
ally marked off from the unsegmented ab- 
domen. The legs of arachnids are attached 
to the cephalothorax. There are typically 
four pairs of legs in the adult and the 
nymphal stages, whereas the larval arachnid 
is provided with only three pairs. 

CONTROL IN GENERAL 

The use of insecticides and acariddes on 
domesticated poultry may be divided into 
two eras: prior to 1940 and after 1940. 

Prior to 1940 the following chemicals 
and methods had been used for many 
years: Dust baths containing wood ashes, 
"road" dust, tobacco, slaked lime, and sul- 
fur; liquids, powders and ointments con- 
taining sulfur, caraway oil, balsam of Peru, 
mercury compounds, pyretlirum, derris, so- 
dium fluoride, sodium fluosilicate, naph- 
thalene; fumigants such as sulfur dioxide, 
hydrogen cyanide; the use of heat by the 
application of scalding water to buildings 
and equipment. 

Many of the preceding therapies were 
quite effective and economical but, since 
1940. most of them have been abandoned. 

Attempts to control external parasites 
of poultry by means of chemicals adminis- 
tered internally (systemic therapy) via feed 
and water apparently originated on a com- 
mercial scale in the early 1920’s. Pannan 
and associates (1928) tested 30 such sub- 
stances but none was of practical value. 
From 1937 to 1951 other workers attempted 
systemic therapy without significant suc- 
cess (Emmel, 1937; Creighton et al. 1943: 
Richter and Insko, 1948a; and Menon 
^4 a/,, 1951). More recently there is f®" 
newed interest in systemic therapy. 
results are somewhat encouraging as de- 
scribed by Kraemer and Furman (1959), 
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Hoffman (1961), and Furman and Pieper 
(1962) and others. 

Alter 1940 and especially since 1945 (the 
end of World War II) an impressive num- 
ber of organic chemicals have been manu- 
factured for the control of ectoparasites. 
Beginning with DDT the list has grown 
rapidly and is still increasing almost 
monthly. The poultry producer and feeder 
are confronted with a rather confusing 
array of products and claims for efficiency. 
Limitations of space in this chapter make 
it impossible to discuss each of the newer 
pesticides; their formulation, dosage, meth- 
ods of application, efficacy, toxicity, and 
the contraindications to their use. In- 
stead, it might be advisable to first sum- 
marize the more important criteria for an 
acceptable insecticide or acaricide as fol- 
lows; 

1. It should kill one or more species or 
groups of parasitic insects, mites, or ticks. 

2. It should be economical to the user 
and profitable to the manufacturer and 
dealer. 

S. It should be in an easily prepared 
form and It must maintain its potency tor 
a reasonable length of time. 

4. Directions for its dosage and applica- 
tion should be plainly and completely 
stated. The user must be informed whether 
it is to be applied to individual birds or 
to flocks directly; or to Utter, nests, roosts, 
dropboards, walls, soil, or to the air of 
the poultry building. Medianical devices 
such as sprayers and posvder blowers should 
be specified. The exact method of dilu- 
tion, if any, should be stated. 

5. Any possible toxidey to birds should 
be dearly indicated; especially the cliccts 
on production and fertility (Smyth, 1956; 
vVlbcrt, 19G2), 

6. Tiie user should be warned regard- 
ing toxicity of pesticides to man during 
their application, or later as the result of 
chemical accumulations (residues) in and 
about poultry buildings and on clothing. 

7. Obsiously, a chemical must not be 
toxic to the consumers of poultry meat and 
eggs (Smjth, 1956) nor sljould iis use have 


any detectable effect upon the odor or 
flavor of poultry products. 

Research may eventually bring about the 
development of efficient and safe insecti- 
cides and acaricides. Until then the factor 
of human error must constantly be consid- 
ered. The newer chemicals should be field- 
tested until their value in all respects is 
proved. Perhaps the present-day pesticides 
may eventually be replaced by nonchemical 
biological control methods (see Rietz, 1960; 
deOng, 1960) including preventive and 
therapeutic immuniiaiion of poultry 
agaimt external parasites. 

SPECIFIC RECOMMENDATIONS 
FOR CONTROL 

Several recent publications may be used 
as guides to the development and use of 
pesticides (deOng, 1956; hfetcalf, 1957; 
Frear, 1961, 1962). 

Specific control measures may be ob- 
tained from manufacturers and their rep- 
resentatives, from veterinary parasitology 
books and related periodials as well as 
from the Journal oj Economic Entomology 
and from Poultry Science^ The bulletin 
offices of state agricultural experiment sta- 
tions and the office of intotm.ition of the 
United States Department of Agriculture 
may be appealed to for publications on 
external parasites of poultry. Local veteri- 
nary practitioner*, extension veterinarians 
and entomologists, also veterinary diag- 
nostic laboratories arc excellent sources 
of information and service. 

Annually the entomology staff of the 
Iowa State University of Science and TeeJj- 
nology prepares a '“Summary of fovs'a In- 
sect Pest Control Recommendations" un- 
der the sjsonsorship of the Cooperative Ex- 
tension Service (Publication IC-323). Tlie 
following information is quoted from that 
publication which was issued January 
1961; 

r. Agaimt thitien lice, Ixrdljugt, and roost 

CORAL; Add C ounce* of 25 per cent CoRal 
wcttable isowder to 15 gallon* of water for 
tptaytng 506 to 606 chicLerti. Spray roo«» 
and nni* also. In dust boxes, use t ounce 
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of 25 per cent Co-Ral wettahle powder to 
3 pounds of sand, dust, or tafc for 50 
birds. Do not use within 7 days of 
slaughter. 

MALATHION: Use I pint of 50 to 57 per 
cent malathion emulsifiable concentrate in 
6^4 gallons of water (enough for 6.500 
square feet of surface). Spray walls, ceil- 
ings, roosts, nests, and litter. Sprav birds 
lightly. 

OR: Use 1 pound of 4 or 5 per cent mala- 
thion dust scattered on 50 to 60 
square feet of litter. Put a handful in 
each nest. The spray method does a 
faster job of control. 

SEVIN: Use 2 pounds of SO per cent Scvin 
wettahle powder in 25 gallons of water 
Spray 1 to 2 gallons per 1.000 square feet 
of wall, bedding, litter, and roost surfaces 
Do not treat litter in nests 
OR: Use 1 pound of 5 per cent Sevin dust 
per 100 birds. Apply by means of a 
shaker can or hand duster Apply I 
pound of dust to each 40 square feet 
of litter and roosts. Do not treat lit- 
ter in nests. 

Z. Against the northern fowl mite or feather 


CO-RAL Use dust boxes as recommended 
against lice, bedbugs, and roost mii«t 
MALATHION: Use 1 pint of 50 to 57 per cent 
emulsifiable concentrate in 6^ Ballons of 

lightly, as well as the entire house. Also 
use a dusting box containing 1 pound of 
r malathion dust in S pounds 

«hes. 

SEVIN: Use as recommended against lice. 

3 Against lice on turkeys on ranee- 
CO^L; Apply 15 ounces of 25|er cent Co- 
powder in 25 gallons of water 
per 2,500 to 3,000 turkeyl Do not u« 
widiin 7 days of slaughter. 

^fALATHION: Use 2 quarts of 50 to 57 oer 
cent emulsifiable concentrate in 25 eallrav 
of water to treat 5,000 turkeys Use a 
crop-sprayer boom on the ground. Spray 
upward with a fine spray and drive^thl 
birds over the boom. Do not use within 
7 days of slaughter. 

SEVIN Use as for lice on chickens. 

Continuing to quote from the Iowa State 
University, Cooperative Extension Serv- 
ice, Publication IC-328 (January 1964)- 


Chicken lice: 


Uige insecticide users to read and follow di 
tections on the label. Avoid insecticide use 
when wind currents are such that the chemical 
might drift onto adjacent forage crops or pas- 
tures. Failure to take all precautions may re- 
sult in excessive residues appearing in meat, 
milk, or harvested crops. Such contamination 
may result in sciiure by governmental agencies. 
ALL INSECTICIDES ARE POISONS AND 
SHOULD BE USED WITH CARE. Do not 
overdose. Wash hands following use of chemi- 
cals, and if any is spilled on the clothing, 
change to clean, dry garments. Completely d^ 
stroy all empty insecticide containers. Do not 
reuse. Many of the organic phosphorus insecti 
cides break down rapidly in alkaline water (pH 
above 7.0). Wc find that the pH of muniopal 
water supplies in all of Iowa's larger cities and 
towns ranges from 8.0 to 9.0. This is alkaline 
enough to reduce the killing power of the in- 
secUcide in a short time. To counteract alka- 
linity, add 1 to 2 teaspoonfuls of vinegar per 
pllon of water. Unsoltened well water ranges 
from pH 7.2 to 7.5. The addition of one half 
(easpoonful of vinegar per gallon vrill make 
such water slightly acid. You can determine 
ine pH of your water supply by using a toll- 
testing kit; or consult your city water depart- 
ment 

IICE 

These insects are the most common and 
widespread external parasites of birds. 
They all belong in the order Malio- 
PHACA, those lice having chewing mouth- 
parts. Most authorities agree that there 
are more than 40 species of lice reported 
from domesticated fowls. A survey of the 
literature, however, shows considerable 
variance in the listing of North American 
species and a decided disagreement on the 
scientific names assigned to them. Fortu- 
nately, as far as the veterinarian and tlie 
poultry raiser are concerned, the various 
species of bird lice are at present all con- 
trolled by the same methods. Birds (re- 
cjuemly harbor several species of lice at 
the same time. 

The following list of lice of North 
American poultry is from Hopkins and 
Clay (1952) and from Emerson (1956). 


Cuclologaster heterographus, head 
Oontocoies gallmae. fluff louse 

Gomodes disstmtlu, brown louse 
Goniodej gigas, large body louse 
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Lipeurus caponis, wing louse 
Menacanihut comutus, body louse 
MenacanthtispallidultUtSmsU body louse 
Menacanthus stramineus, body louse 
Menopon gallinae, shaft louse 
Turkey lice: 

Chelopistes meleagridis, latge body louse 
Menacanthus straminem, body louse 
Oxyh'/ieurus polytrapezius, slender louse 
Guinea fowl lice: 

Goniocotes gfillinae, ilulE louse 
Goniodes disiimilis, brown louse 
Goniodes gigas, large body louse 
Goniodes numidae, leather louse 
Afenaconllius sframiueus, body louse 
Afenopon gaUinae, shaft louse 
Duck, and goose Uce: 

dnaltcola anseris, slender louse 
Analicola crassicomis. slender louse 
Anatoecus dentatus, duck and goose louse 
Menopon gaiUnae, shaft louse 
Afenaca«t/iusstremmei«(rarely)> l»ily louse 
Pigeon lice: 

Campanuhtes bidenlatus, small louse 
Coloceros damnkorne, little feather louse 
Colpocephaliim UtTbinatum, narrow body louse 
Columbicola columbae, slender louse 
Hohorstiella lata, large body louse 


Lousiness (pediculosis) of birds is diag- 
nosed by finding on the birds wingless, 
dorsoventrally flattened, brotmish-yellow, 
quickly moving insects. In size, bird lice 
vary from somewhat less than I mm. in 
length to the largest species which are 
slightly more than 6 mm. long (Figs. 33.1, 
33.2, 33.3, 33.4, and 33. S). See also line 
drawings in Whitehead /I942) and Emer- 
son (2956). 

Lice spend the entire life cycle on the 
host. E^ arc attached, often in clusters, 
to the feathers. The entire life cycle takes 
about 2 to 3 weeks for completion. One 
pair of lice may produce 120,000 de- 
scendants within a period of a few months. 
Their normal life span is several months, 
but away from the birds they can remain 
alive only 5 or C days. 

Although bird lice ordinarily eat cast- 
off bits of skin and feathers and fragments 
of feces that adhere around the vent, it 
has been shown by Wilson (1933) that 


Menacanthus straminetu, the body louse 
of chickens, may puncture soft quills near 
the bases and consume the blood that 
oozes out. This tvas confirmed by Crutch- 
field anti Hixson (1943), and, in addition, 
they stated that the body louse draws 
blood by gnawing through the covering 
layers of the skin itself. 

Severe lousiness in j>oulfry orig;jna]ly 
was thought to follow malnutrition and 
lead to weight loss as svell as to low pro- 
duction. There is conflicting evidence on 
these hypotheses. Warren et al. (1948) 
found no effect on laying records even 
following rather heavy louse infestation. 
In 1961, Tower and Floyd (ISClb) studied 
the effect of the body louse on egg produc- 
tion in New Hampshire pullets; they found 
no significant differences between infested 
and noninfested birds, Kartman (1949) 
concluded that lousiness is not necessarily 
an expression of malnutrition of the host: 
indeed the contrary appeared to be true. 
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He also noted that debeaking the birds 
increased the number of lice presenL Edgar 
and King (1950), studying the effect of 
moderate infestation by the common body 
louse, concluded that louse-free hens aver- 
aged about 11 per cent greater egg pro- 
duction than did those infested, a differ- 
ence in net income of 75 to 85 cents per 
bird. Differences in body sveight and in 
mortality between the two groups were not 
significant. A more recent study by Gless 


and Raun (1959) revealed that an average 
of 23,000 body lice per chicken reduced 
egg production from 15 to 84 per cent dur- 
ing a 14-week period. 

It might be concluded that lice are not 
highly pathogenic to mature birds. How- 
ever, there appears to be clinical evidence 
that lice irritate nerve endings, thus inter- 
fering with the rest and sleep so neces- 
sary to immature animals. Louse-infested 
ciiicks may die. Also, lousiness frequently 
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accompanies manUestations of poor hus- 
bamliy such as internal parasitisms, in- 
fectious diseases, malnutrition, and insani- 
cation. 

ilowitt et al. (IDiS) isolated the virus 
of equine encephalomyelitis from the 
body louse (Menacanthits stramineui). 
Mere recently, IMcyer and Eddie <J960). 
also Eddie, Meyer, Lambrccht. and Fur- 
man (1902) isolated the virus of ornithosis 
from Menopon gollirtae, the shaft louse, 
and from mites on diickcns and turkeys. 

Control of lice. This probJem primarily 
involves the birds Uicmsclvcs, although in 
heavy infestations the houses should be 
cleaned and disinfested. Lice multiply 
moil rapidly during cold weadier v»hcn 
birds arc in closer contact; therefore, it is 
csseoiiaJ to combat tlicHi during the mild 
days of the fall season so Uiat birds may 
Ro into production in tlie best of bealllt- 
Once a flock is free from lice, it is ini 
iwttant to isolate new additions until tlscir 
freedom from these parasites has bee/r 
aisuted, Tlve use of insecticivlcs against 
iwuliry lice is discussed on page 9-6 uiwfcr 
Control in Ccncrjl. 


"BEDBUGS" AND AlUEO INSECTS 
The insect order Hemiitiiia includes 
the true bugs, several species of which 
parasitize birds by sucking blood. Two 
families are of particular interest The 
family Cimiddae contains the true "bed- 
bugs," and the family Reduviidae includes 
the "assassin bugs." The latter ordinarily 
are predaceous on otiier insects; liowever, 
some species do attack man and animals. 

The true "bedbugs" are flattened dorso- 
ventrally, thus allowing them to creep 
into crevices where their young are raised. 
TIic adults measure about 2 to 5 mm. in 
length by 1.5 to S mm. in width. The 
color varies according to spedcs from 
brown to yellow or red. They have small 
padlike wing remnants. The suctorial 
mouthpart structure or "beak,” which is 
jointed, folds under the head and part of 
the thorax when not in use. Deeply pig- 
menied eyes are prominent on the head. 
Tlic abdomen has eight segments. Stink 
glands provide the common "bedbug” and 
its surroundings witli an tinplcasant odor. 

Tlic female "bedbug” lays several I 
mm. sired eggs per day in crevices until 
about 200 have been de{wsited. The eggs 
hatcli in about 10 days. There arc five 
nyrophal stages, the nymphs feeding at 
each stage and hiding to digest the meal 
of blood and to molt their skins. From 
egg hatching to adulthood requires about 
'{0 days. Nymphs may withstand starvation 
for about 70 days, and Uie adulu may 
live about 1 year without food. Feeding 
usually occurs al night, Ute bugs be- 
coming engorged with blood within 10 
minutes. 

If attacked by large numbcis of bugs, 
young birds especially may lie seriously 
dcplciett of blocxl. The bites arc usually 
followcvl by sv«elling and itdiing due to 
the injection of uliva into the wound. 

TTie most widespread of the "bedhugs" 

IS CimcK leclulatiui (Fig. 35.6). which at 
ucks man and mou otlicr mammals and 
poultry- It « molt p/cvalrnt in tcm/>crajc 
and subtiopiral climates. Poultry homes 
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FIC. 33.4-Goniod«s *p. Chicken 
loute. mole. X42. (ftelt and No* 
breea.) 



and pigeon lofis may become hcacily in* 
vaded 

Other "bcdbugi” reported to attack 
bird* inclkide ihc following spedet: 

Haemalouphan iiiodora, die Mexican 
dtukcii bug, adobe bug, or "eoruco,'’ which 
also ofnin in souiliern and wesicm United 
Statei and in Central Ameria. Uunger (1917) 
li.n (guild It in die nesu of die Caliiomia 
condor and of die great horned owl in OUa- 
hoina I,ce (I955 j) giici an account of its 
biology and mcntioni die turkey as a new 
host in New Mexico and Ariiona. It alto atucLs 

Oeciacus iicaritu, commonly found io the 
ne»u of iwallowt (particularly bam swallows) 
whence diey may spread to poultry and to 
man (M)cri, 1028). 

In addition to die abote, numerous 
other Species of die true "bedbug" family 
have been rcjtortcd on birds in various 
counirics outside die United Slates. 


The insect order Hemiptera also in- 
cludes bugs ol the family Reduviidae M 
previously mentioned. These are usually 
of minor interest in avian parasitisn^ 
"Assassin bugs," "cone-nosed bugs," and 
reduviids arc terms applied to sucli in- 
sects, of vvhidi there arc many spcdcs. 
Only a few of them have learned to sock 
die blood of mammals and birds. They 
arc larger than true "bedbugs," being up 
to 25 mm. in length, and they have v»cll- 
developed vvings; odiervvise their mor- 
phology, life cycles, and behavior are qui^ 
similar. Species of rcduviid bugs reported 
as attacking poultry in the United StaW 
include Triatoma janguisugu in 
land, Florida, California, and Texas, an 
Triatoma prolracta in Utah and 
nia. It is of interest to note that in 19 ' 
Trialoma sauguisuga was found to harbor 
die virus of equine cnccphalomyeliii* m 
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Kanui by KiiKlman anil Grundnjann 
(I'JIO), This sirus has also been found in 
natural infections in pigeons and pheas- 
ants. 

Control of “bedbugs” and allied 
Treatment must be directed at ilie binls 
surroundings during the da)iitnc, because 
die bugs ordinarily feed at night. In Use 
put, fumigation s*iih hydrocyanic ac^ 
gas or ssith die sulfur dioxide reicaw oy 
burning sulfur was cotuidcrcsl to be » 
cffectisc control method, Tlic use of sn* 








FIG 33.6— Cimsx l•<tw1ori«^. Common bodbug. 
moU. xlS. (Ronbreok end Sloss.) 

secticidcs against "bedbugs" is discussed on 
page 926 under Control in General. 

FLEAS 

Many species of fleas hate been found 
on birds, but only six secies have been 
reported from poultry in this country. 
Houcser, fleas are scry adaptable blood- 
sucking insects and may attack various host 
species Tlicy are cosmopolitan in distn- 
buiion although more abundant m 
tcmiscraie and warm climates. 

They may be recognized as brown to 
black, laterally flattened insects having the 
ability to run rapidly along the skin and 
to propel themselves in the oj>en by leap- 
ing! Ill s'« ihcy vary from 1.5 » {”^: 

in the adult stage. The adulu suck Iflooil 
one or inoic times during the “•*>• "■ 
though some species are nocturnal. Hie 
stkktiglu flea usually icmaini attached to 
ihc host for days or v,ccki at a lime, 
male fleas deposit several eggs i«r day 
uliids toll oil die host into surrounding 
litter v»hcrc they intubate. Dampness » 
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essential for further development. The 
eggs are white, almost spherical bodies 
less than 1 mm. in diameter. Within one 
to several weeks, depending upon species 
and climate, the e^s hatch, liberating 
tiny maggoUike larvae that feed partly 
on organic matter found in dust and lit- 
ter, but their principal food is flea feces 
deposited conveniently by tlie adult fleas. 
This flea feces is ricli in host blood- 
products, thus providing a highly nutri- 
tious diet for the larvae. After Uie larvae 
have grown and shed their skins, usually 
twice in a period varying from one to 
several weeks, they proceed to spin silken 
cocoons, entangling the thread with vari- 
ous particles of dust and dirt. Then fol- 
lows the inactive pupal stage for a period 
varying from one week to months, de- 
pending upon the temperature. During 
this period the pupae transform into 
white, then yellow, then brown fleas. 
Emerging from the pupal cocoons, the 
young fleas seek a host, suck blood, and 
teach maturity within a few days. 

Immature fleas may live for weeks or 
months without food. Adult fleas may also 
live for weeks without feeding, but when 
a host is available their life span may ex- 
tend over many months to a year or more 
The total length of the life cycle is thus 
seen to vary greatly depending upon such 
factors as temperature, humidity, exposure, 
and host availability. 

The fleas of domestic poultry in North 
America include the following species; 
Echidnophaga galllnacea, the sticktight 
flea; Ceratophyllus gallinae, the European 
chicken flea; Ceratophyllus ntger, the 
western chicken flea; Ctenocephalides felis, 
a cat flea; Pulex irrilans, the human flea; 
and Orchopeas howardii, a squirrel flea. 
These will be discussed before flea control 
is considered. 

Echidnophaga gallinacea (Fig. 33.7), 
the cosmopolitan sticktight or tropical 
chicken flea, more often occurs in the 
southern United States, although occasion- 
ally it is found as far north as New York. 
The adult is about 1.5 mm. long and is 
reddish-brown in color. These fleas usually 



attacit to the skin of the head, often in 
clusters of a hundred or more. The mouth- 
parts are deeply embedded into the skin 
so that it is difficult to dislodge tliem. The 
adult females forcibly eject Uieir eggs, so 
that diey reach surrounding litter, one to 
four eggs per day being produced. Incu- 
bation takes from 4 to 14 days; the lao'®* 
period lasts from 14 to 31 days; the pupal 
period for 9 to 19 days; and the newly 
emerged fleas mature from II to IB da)S. 

The sticktight flea has been reported 
from the following hosts; chicken, turkey, 
pigeon, blackbird, bluejay, hawk, owl. 
pheasant, quail, sparrow; also man, horse, 
cattle, swine, dog, fox, cat, badger, coyote, 
deer, ground squirrel, lynx, mouse, opos- 
sum, rabbit, raccoon, rat, ring-tailed cat, 
and skunk. 

This flea has not been accused of carry- 
ing infectious disease agents to chickens. 
The irritation and blood loss attributed 
to it may damage poultry seriously, c*' 
pecially young birds, in which death may 
occur. Production is lowered in older 
birds. Alicata (1942) experimentally 
transferred the rickettsia of human en- 
demic (murine) typhus from infected rats 
to guinea pigs through the agency of stic^ 
tight fleas, thus indicating a possible pub- 
lic health importance of this parasite. 
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HO. 33.8-Cer«itophyIlo» gallinae. The 
European chicken flea, femole. Greatly 
enlorged. (Reis and Nobrega.) 


Ceralophyllus gallinae (Fig. 33.8), the 
European chicken flea, also occurs in the 
United States. It has been reported from 
Maine. Massachusetts, Connecticut, Nw 
York. Delaware, Michigan, and Iowa. Un- 
doubtedly. it has a much wider distri- 
bution. The hosts include the chicken, 
pigeon, bluebird, sparrow, and tree swab 
low; also man, dog, chipmunk, rat, and 
squirrel. The adult female measures from 
3 to 3.5 mm. in length. This flea behave 
like most fleas in that it stays on birds oiily 
long enough to feed, its breeding activities 
occurring in the nests and other sutround- 
ingi. Otherwise, its effects are like those of 
the sticktight flea. 

Ceratopliyllus niger, the western chicken 
flea or black hen flea is reported mainly 
from the Pacific Coast area, although Ihg- 
land (1955) found it in Alberta, 

It may attack various mammals and bir 
including the chicken, turkey, cormorant, 
gull, magpie, sparrow, and woodpecker; 
also man, mouse, and rat. Its principa 
breeding place is in birds' nests. Gro y 
and in habit it resembles C. gallinae. 

Ctenocephalides felts is known as the 
cat flea. It has also been reported from 
the chicken, pheasant, dog. fox, man, bo 
cat, coyote, opossum, rabbit, racc^n. rat, 
shrew, squirrel, and woodchuck. This M 
is only an incidental pest of poultry m 
North America. The adult female may be 
3 mm. in length. , 

Pulex irrifans is a flea primarily ol man 
but it may attack chickens. Other h<» 
are swine, dog, fox, cat, badger, toyo . 


deer, ground squirrel, guinea pig, lynx, 
mountain Hon, opossum, prairie dog. rab- 
bit. raccoon, rat. skunk, squirrel, weasel, 
wild swine, and burrowing owl. The adult 
female may be 4 mm. long. 

Orchopeas howardii, a flea ordinarily 
found on squirrels, has been noted to at- 
tack chickens in Massacliusetts, according 
to Shaw and Clark (1953). Other hosts in- 
elude the dog, fox. cat. man. bobcat, chip- 
munk, coyote, mink, mole, mouse, opossum, 
rabbit, raccoon, rat, shrew, squirrel, weasel, 
woodchuck, owl. and swallow. The adult 
female is about 2.5 mm. in length. 

Fox (1940) and Hubbard (1947) report 
many other species of fleas found on birds 
other than domesticated poultry. 

Control of fleas. This involves not only 
ridding the birds themselves of fleas, par- 
ticularly the sticktight flea, but also rid- 
dine the nests and housing areas of these 
parasites. In this respect, flea control 
roediods are quite similar to tliose used 
aeainst red mites and bedbugs. 

Many homemade and commercial thci^ 
apeulic agents have been recommended 
aMinst fleas as pests of man and animals. 

al n947). Stage (1940), Smith (1951), U.S. 
Dipann.™. It Agrtakur. (1955), and 
lorn Stale University (1961). Control 
the stichtiglu nca, Echidr,ophaga Si 
mas reported by Rodt.siicr and Ri*l 
/196n using 4 per cent malatliion dust. 
SsU applied twice at 2S.day intervals 
and effective control lasted days 

after the second application. The mala 
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ihion dust was placed in dusting boxes or 
in soil wallows at the rate of 15 pounds 
per 100 chickens. In addition, the floors 
were covered with the 4 per cent malalhion 
dust at the rate of 1 pound per 20 square 
feet. 

Poultry, dogs, cats, and rats should be 
screened away from under buildings, as 
they may ser\e to perpetuate flea invasions. 
Sunlight, hot dry weather, excessive mois- 
ture, and freezing hinder the development 
of fleas; whereas darkness, coolness, damp- 
ness. and warmth favor them. 

ADULT BEETLES AND BEETLE URVAE 

Beetles are included in the insect order 
CoLEOPTERA. They are stoutly armored in- 
sects, having tivo pairs of wings, the 
membranous hind wings being covered by 
homy, sheathlike fore wings termed elytra. 
The adult female beetle lays eggs from 
which hatch larvae, commonly called 
grubs, followed by a pupal stage. The 
adults and larvae show great variation in 
habits. Some live on land, others in water. 
Certain species feed on animal matter, 
others on planu; thus many species are 
useful as scavengers or in reducing other 
insect populations. Numerous species 
cause considerable harm by destroying 
plants and plant products or by acting as 
pests to animals. Other species serve as 
intermediate hosts for internal parasites. 

As far as birds are concerned, certain 
adult beetles and their larvae may act as 
pests or may serve as intermediate hosts 
for internal parasites, particularly certain 
of the tapeworms. Numerous species of 
beetles are known to transmit the follow- 
ing tapeworms of poultry: RailUelina 
cesticilliis, Choanolaenia infundibulum, 
Hymenolepis carioca, Hymenolepis can- 
taniana, and Raillietma magninumida. 
Because beetles make up pan of the diet 
of birds and because some beetles eat avian 
carcasses, they may transmit bacterial or 
virus infections; but of this little is known. 
Theodoridfes (1919) lists past records on 
the beetles injurious to domestic birds and 
mammals. 

Beetle larvae acting as pests of poultry 
include the following species; 


Tenebrio molitoT, the yellow mealwom, 
is ordinarily found in the adult and grub 
stages consuming grain products stored in 
mills, warehouses, bakeries, and groceries 
The beetles are shiny brown to almost 
black in color and about 15 mm. long 
They may infest setting hens, attacking 
mainly the feet where the loss of skin mai 
be followed by severe hemorrhage. The 
larvae or grubs, known as flour, meal, or 
bran “worms,” are smootli, hard, yellow, 
cylindrical, wormlike creatures about 30 
mm. long. These grubs have been found 
to erode the skin of young pigeons. Ac- 
cording to Levi (1957), other related 
mealworm beetle larvae may produce 
similar damage. 

/llphUobius diaperinus, the lesser meal- 
worm, usually lives on stored grain prod- 
ucts. Harding and Bissell (1958) found a 
heavy infestation of these beetles and their 
larvae in ground corncobs used as litter 
for baby chicks. Healthy chicks were not 
molested but the mealworm larvae had 
bored into the tissues of those that were 
dying This damage might be mistaken 
for an attack on the living chicks. 

Dermestes lardarius, the larder beetle, 
and related species, ordinarily destroy 
stored pain products and meats _ (t*' 
pecially ham and bacon) or feed on hides, 
skins, furs, museum specimens, or decay- 
ing animal matter, notably the accumu- 
lated droppings in pigeon lofts. The adult 
larder beetle is about 7 mm. long, black 
in color, and the basal half of each wing 
cover is brownish-yellow crossed by a band 
of three black spots. The larvae are about 
12 mm. long, dark brown above, gray 
below, and are covered with brown hairs. 
The larvae may attack the skin of nestling 
pigrons. 

Silpha thoTacica, Silpha apaca, Necro- 
phorut vestigtttor, and possibly other spe- 
cies of the beetle family, Silphidae (car- 
rion Iwetles), may also breed in pigecr| 
droppings. The larvae, which are atout 
15 mm. long, and black, are reported to 
invade the skin of squabs, and the wounds 
produced may be secondarily infested y 
fly maggots. 

Control of beetle larval invasions, in' 
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is based upon cleanliness of houses or lofts, 
from which droppings should be removed 
frequently. Grain and feed storages and 
hides and skins should be kept away from 
birds. If infested, such substances should 
be fumigated or othenvise treated accord- 
ing to directions that may be obtained 
from die United States Department of 
Agriculture. Wounds produced by beeUe 
larvae should be gently cleaned, using 
commercial benzol to destroy the grubs, 
followed by daily irrigation with a mild 
disinfectant solution until healing occur. 
Reporting on the control of bedbugs in 
chicken houses, Kulash and Maxwell 
(1945) found that a 5 per cent solution 
of DDT in kerosene also killed adult d^k 
mealworms, Tenebrio obscurans. Harding 
and Bissell (1958) controlled adult and 
larval lesser mealworms in brooder house 
Utter by spraying with 0.7 per cent emulsi- 
fiable concentrate of raalathion; or, with 
0.5 per cent DDT spray. 

Mttcrodactylia suhpinoius, the rose 
chafer, is a leaf-chewing beede that, ac- 
cording to Lamson (1922), is highly 
poisonous when ingested in quantity by 
diicks, ducklings, goslings, poults, and 
young game birds. These beetles are 
found mainly in die regions of the At- 
lantic Coast, central states, and Middle 
West. Symptoms of poisoning apj^ar 
about 4 to 5 hours after ingestion. The 
birds become sleepy, die wings droop, an 
muscular weakness develops. Death may 
occur in 5 to 21 hours. The condition is 
diagnosed by finding the beetles in the 
crop. No specific treatment for afiwtea 
birds is available, although a saline laxa- 
u\c is advisable. Plants infested with rose 
chafers may be sprayed with lead arsenate 

solution. 


MOSQUITOES 

Aldiougli mosquitoes are not as im- 
portani to isouUry as they arc to man an 
other mammals, they arc of some • 
and indirect interest. Some 119 sjKoes 
have been described from North A»«e"^ 
How many of Uievc suck blooi i 
iwuhry is not knovvn. . , 

Mosquitoes arc rccognixcd as iwo-wiogcd 


insects belonging to the family Culiddae 
of the order Diitera. Most species are 
about 5 mm. in length, and die wings are 
characteristically veined and scaled. The 
legs and the abdomen are long and slen- 
der, and the small spherical head of the 
female is provided with elongated mouth- 
parts for piercing the skin. The male docs 
not suck blood, but does live from plant 
iuiccs, nectar, and odicr fluids. 

Nfosquiioes deposit their eggs on pools 
of water in which the larval and pupal 
suecs ate passed. The adults emerge from 
the pupal cases, quickly breed, and dien 
seek a host. In warm weather the life 
evde is completed in about 7 to 16 days 
for the more common species. The adults 
arc most active on quiet days, cspeaally 
toward evening. 

That mosquitoes may attack poultry in 
swarms i» stated by Bisbopp (1933). who 
reported the deailis of numerous chickens 
In Florida. The offending species was 
Psorophora confinnis (syn. P. columbtac). 
Besides blood loss, the birds apjicarcd to 
show toxicity from «bc bites. ^^’8“ 
Williams (1948) and Edgar ct at. (1951) 
found that over 99 per cent of the mo.- 
ouiiocs in or near diickcn houses m A a- 
bama were Culex qxwiquelatcmtm, the 
southern bouse mosquito. Others belonged 
in the genera Culex. Anopheles, and Aedcs. 
Mosquito attacks appeared to reduce egg 

(1953) suted that although the 
mosquitoes Cufisda incident and C. i«- 
ornam bite man in the Paofic Norlhvvest. 
Uicy were more important as i>csu of live- 
stock. induding poultry. 

Dow et ol. (1957) noted a preference 
for birds, including duckens. as hosts, by 

^**M 3 cOcary and Cans (1951) in DcU- 
wxrc noted loss of blood and restlessness 
of roosung chickens v.hcn i»uUry houK* 
ttcie invaded by Aedes iollieitaiu, a salt 
marsh breciUng mosquiio. 
ouikcd on the large " 

sRCcics of mostiuiiocs seen m poultry 
iSc.. nouui)- '’'f'T' “a 

Anophelrt truciani. 
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Fowl pox virus is transmitted by the 
mosquitoes Aedes sJimulans, A. «egyptt. 
and A. vexans according to Brody (1936) 
and also Matheson et al. (1931). TTie first- 
named species harbored the virus for 2 
days, svhereas tlie last named species con- 
tinued to infect birds up to 39 days after 
contacting the virus of fotvl pox and 
pigeon pox Mosquitoes also transmit one 
type of avian malaria (Pfosmodmm sp.) 
according to Herman (1938a). For the 
most part the birds affected are the smaller 
wild species including canaries Davis 
(1940) has called attention to the re- 
lationship of birds and mosquitoes as hosts 
for the virus of eastern equine encephalo 
myelitis. Smith el al. (1948) infected seven 
species of mosquitoes with the virus of St 
Louis encephalitis of man by feeding them 
on infected chickens. The mosquitoes 
transferred the virus back to chickens. 

Control of mosquitoes. Mosquito con- 
trol methods, as applied to dwellings and 
other buildings and their surroundings, 
may be used to equal advantage in and 
around poultry houses and poultry-raising 
areas. 

Iowa State University, Cooperative Ex- 
tension Service (1964) makes the following 
recommendations for mosquito control: 
DDT: Drain seepage or flood pools where 
possible, or treat all such pools inacces- 
sible to livestock with one-half cup of 
2.5 per cent DDT water emulsion per 
1,000 square feet of water surface. Treat 
brush, weeds, and other mosquito rest- 
ing places with 2.5 to 5 per cent DDT 
water emulsion every 7 days. Use mala- 
thion in gardens and pastures where 
livestock are grating. 

DDVP: Use 0.75 per cent DDVP water 
emulsion on stagnant water at the rale 
of 2 quarts per 1,000 square feet or as 
0.75 per cent DDVP oil solution as a 
fog to control adults. DDVP does not 
affect birds or wild mammals in the 
area. 

MALATHION: Spray brush, weeds, and 
low trees around standing water acces- 
sible to livestock with 1 per cent mala- 
thion water emulsion every 5 to 7 days. 


Keep grass and weeds cut around build- 
ings and spray or dust (4 per cent mala- 
thion dust) gardens, flower beds, hedges, 
and shrubs every 5 to 7 days as long as 
needed. 

A concise discussion of mosquitoes and 
their control may be found in a leaflet 
from the U.S. Department of Agriculture 
(1962c). , 

Preventive measures by screening ana 
the use of repellents are of doubtful prac- 
tical value in poultry husbandry. 

FUES AND GNATS 

The insect order Diptera includes not 
only the mosquitoes but also many families 
of flics and gnats. Certain species of these 
groups may cause harm to poultry m 
several ways: by sucking blood, by in- 
jecting toxic substances, by acting a* t"‘ 
termediate hosts for certain tapeworms, by 
harboring botulinus toxins, or by lanal 
invasion of body openings and skin 
wounds. 

The Pigeon Fly 

Pseudolynchia canariensis (Fig- 
the pigeon fly, louse-fly, or fUt fly * 
rather imporiani parasite of domesiicatt 
pigeons in warm or tropical areas. 
been known since 1896 in the southern 
half of the United States and also 
in many other countries. 

The adult fly is dark brown and abou 
6 mm, in length. The two transparent 
wings are somewhat longer than the body. 
These flies move rapidly through ^ 
feathers, and they suck blood, particular y 
from nestling pigeons about 2 to 3 
of age. They may also bite man, inflictmS 
a painful skin wound that persists o 
several days. 

The female pigeon fly deposits on t ^ 
birds her white larvae, about 3 nuu. u* 
length, each enclosed in a pupal casr 
These roll off the host into the nest, an 
in a few hours the pupal case hardens an 
turns black. After a pupal stage of abou^ 
30 tiays, the flies emerge, living for abou 
45 days, during which time the ‘firoa 
deposits four or five voung. 
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Intesltd pigeons sutler Irom blood t.M 
and from irritaiion. Also, ihe pig^n y 
may transmit a protozoan blood-«U para- 
site, Haemoproteus columbae, the cause 
of a raalarialike disease of pigeons. 

There are several other louse-ilies re- 
lated to the pigeon lly that infest various 
species of wild birds, notable among 
which is the fly Lynchia hirsute, a trans- 
mitter of Haemoproteus laphortyx, 
cause of California valley quail malaria. 

Control of the pigeon fly. Bepuse th«e 
flies breed in pigeon nests, it is essen la 
to clean the nests and surroundings at lo- 
to 20-day intervals and to burn or bury 
the cleanings. Pigeon ” bv 

adult flies, according to Levi (!» J 

using a pyrethrum-containing fly spj^y 1 

part pyrcthrum extract to 2 parts o 
sene). This should not be sprayed on 
hatched eggs. Pigeons may be free 
d,= me. % applying .o U.e” ^ 
pindies of fresh pyrethrum ^ 

dcr, rubbing it into the skin. 
he resorted to. in srhicli case derns 
der, one-half to 2 ounces, is “dd'd t 
gallon of soft water containing 219 
of laundry soap. Yager and Gle.ser (1916) 


reported complete kill of pigeon flics on 
a IlMk of Signal Corps pigeons by dusting 
each bird with S grams of 10 per c*nt 
DDT in talc. 

Blotk Flies 

These dipterous insects, variously called 
turkey gnats and bugalo gnats (Fig. 3S.10), 
belong to the fly family of Simoludat 
They me blood suckers, of which more than 
600 species are known (Henns and James, 
1961): More than 20 species have been re- 
norled to attack domesticated poultry in 
Ksed. Amedca. At times drey may can« 
serious damage to man and M livestock 
Their importance to poultry raisers is that 
they may attack in swarms, depleting the 
birds' btood volume and injecting toktc 
material. They also transmit certain blood 
protozoa belonging to the genus Leucocy- 

“Sit flies ate tiny, 

lSS‘.SbS^r=.;bUc^n^£ 
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search o£ blood. Eggs are laid on solid ob- 
jects at the edge of water. The larvae 
emerge in 5 to 30 days and enter the 
water, attadiing to stones or other ob- 
jects. After about 3 to 10 weeks, during 
svhidt llic larvae molt six times, the pupal 
stage is reached. This stage, too, occurs 
under water, lasting from a few days to a 
month. The adult flies emerge during 
warm weather. Hibernation occurs in the 
egg or larval stage. 

Slmulilds are widely disuibuted, but 
they occur mostly from the north temper- 
ate to the subarctic regions. Reports of 
their occurrence in this country date back 
to llie early part of the last century when 
buffalo gnats seriously interfered with 
homesteading operations in the South. It 
was then noted that they would swarm 
on poultry, forcing setting chickens and 
turkeys to leave their nests, Uiey killed 
young birds by forcing their way in large 
numbers under the wings where they 
sucked blood. 

Walker (1927) reported that Simuhum 
bTacleatum fatally attacked goslings in 
Canada, and Gibson (1930). also of 
Canada, found that Simulium sp. caused 
losses to cliickens and turkeys. Underhill 
(1939) staled that S<rnu/ium jenningsi (syn. 
S. nigroparvum) and S. slossonoe attacked 
turkeys in Virginia, as far as 15 miles away 
from their breeding places. In 1928 heavy 
losses in diicks occurred in western Iowa. 
Swarms of gnats produced severe anemia. 


leaving a hemorrhage at each skin area 
punctured. The chicks ingested enormous 
numbers of the gnats so that their crops 
were distended with them. Edgar (1953), 
in Kansas, studied the effects of black fly 
{Simulium meridionals) bites on e^ 
production in April and May. Production 
dropped from 70 per cent to 20 per cent 
in 8 days. One hen died but production 
became normal shortly after the flies dis- 
appeared. 

It was not until 1932 that disease trans- 
mission by gnats to poultry was proved. 
Skidmore (1932a), of Nebraska, found 
tliat Simulium occidentale could transmit 
Lcucoeytozoon smilhi, a blood protozoan 
of turkeys. O’Roke (1934) showed that 
Simulium venustum transmitted Leuco- 
qitozoon simondi to tame and wild ducks 
in Michigan. FalHs et al. (1956). in 
Canada, reported the transmission of 
Leucocytozoon simondi, a blood protomon 
of domesticated ducks, by the black flie» 
Simulium croxtoni and S. euradminiculum, 
also Simulium rugglesi. Anderson (1956). 
also in Canada, found that six species of 
black flies transmitted the blood miewfi* 
lariae of a nematode, Ornithofilaria fallisen- 
sis, to domesticated and wild ducks. 

Black Ily control. This is difficult be- 
cause these pests breed in streams con- 
uining rocks, brush, and logs. Stream 
clearance may help, but it is an expensive 
procedure. Sweeping the downstream faces 
of dams may dislodge many pupae. The 
drifting smoke of smudge fires will repel 
the adult flies. Birds may be kept within 
screened enclosures during the daytime, 
using screen of 24 mesh per inch or smalltf • 
Repellenu are helpful, for example, 
oil of citronella 1 part in light mineral 
oil 4 parts may be sprayed on the outside 
feathen. Dove (1945) quoted Hutsons 
report on the use of 1 per cent DDT dust 
for the control of the black fly. Simuliur^ 
venmlum, on golf course greens, tees, and 
shrubbery in Michigan. A liberal dusting 
kept the premises practically free of fl>er 
for approximately 1 week. . . 

Hocking (1953) attempted chemical 
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control of the black fly Simulium venustum 
in Manitoba streams. Eight compounds 
were tested in the laboratory and m 
streams, including heptachlor, DDT, 
gamma BHC, and parathion. Results were 
promising, especially for DDT applica- 
tions made by helicopter. 

Common House Fly 

Afusca domestica, the common house fly. 
is frequently eaten by birds. It is an inter- 
mediate host for two species of poultry 
tapeworms, namely: RaillietiM cesUcillus 
of the chicken, turkey, guinea fowl, and 
quail; and Choanotaenia infundibulum 
of the chicken and turkey. Skidmore 
(1932h) reports that common house flies 
that have fed on infected fowl cholera 
blood can transmit this disease when fed 
to turkeys. The common house fly ** "''^** 
as Lucilia sp.. a blowfly, were enable of 
carrying eggs of the cecal tvorm, Heteraku 
gallinae, which contained the protozoan 
cause of histomoniasis of turkeys, accor 
ing to Frank (1953). 

Biting Midges 

Culicoides spp. are biting midges, 
"punkies," or “no-see-uras," some 35 spe- 
cies of which have been reported from 
North America. They atuck birds and 
mammals. Fallis and Wood ( 1957 ) report 
them as intermediate hosts for Haemo- 
pToleus netlionis, a blood protozwn ol 
domesticated ducks in Canada. MacCreary 
and Catts (1954) found Culicoides cam- 
thorax on diickens near salt marshes m 
Delaware, but they could not determine 
its relationship to disease. 

Stable Fly 

Sfomoxys calcitrans. the blood-sucking 
stable fly, attacks most mammals an u 
Fortunately, Uie bite is not poisonous, a ' 
iliough sucli areas may become in ec . 
and the blood that oozes ffo*" 
attract maggot-producing flic*- 
ily is an intermediate host for liy 
lepis carioca, a tapeworm of die chicken, 
turkey, and quail. 


Myiasis 

Invasion of birds by fly larvae (mag- 
gois) is not as common as in mammals, 
luupling and Rainwater (1937) mention 
that Cochliomyta hominivorax.^ the pri- 
mary screwworm fly, will deposit eggs in 
svounds on chickens, turkeys, and geese. 
Maeeots hatching from these eggs actively 
desSiy living tissue. Stewart (1929) re- 
ported a case of cloacal invasion of a hen 
by screwivorm larvae. Invaded wounds 
may be treated with Smear No. 62 or 335, 
developed in the United States Depart- 
meni of Agriculture and reported by Mel- 
vin cM/. (1941). 

The nests of wild birds may become in- 
fested by the maggots of various species of 
flesh and blowflies, with disastrous effects 
on the nestlings. 

Ceruin fly larvae are of interest because, 
by breeding on decomposing cadavers, 
they may ingest toxins oi the bactenuin 
Chslriditim botulioum, according to 
Bishopp (1923). JI poullry eat such mag- 
eots tjie disease botulism may occur. This 
has been called ■ limbernect," a term de- 
scriptive ot one tymplom but "o' ch^ac- 
terlstic ol botulism alone. The larvae o! 
the following species ot flics bave been 
incriminated at transmitters ot bo.l“l‘ntt> 
toxins. Types A and C: Lualia illultns 
anti Phamicia stricala (blowflies)! sarco- 
Dhaitid larvae (flesh flics): and larvae of 
CocMfomym meccllaria, the secondary 
screwworm fly. Prompt burial, burning, or 
other sanitary disposal ot animal “Aj'" 
will do much to prevent botulism from 

'^Sv“T 928) noted that "fly l^-; 
developing on tuberculous chicken cadavers 

could Lnsmit Alycoioclcnum lubcrcufonr 

when fed lo nontubcrculous chickens. 
MITES 

Numerous and imporianc 
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ticks, in the order Acarina. For classifi- 
cations of mites, reference may be made 
to Baker and Wharton (1952) and Baker 
et al (195G). 

Parasitic mites are microscopic or barely 
visible to the unaided eje. The main 
body parts include a usually unsegmented, 
soft abdomen broadly continued anteriorly 
by a combined head and thorax (cephalo- 
thorax) to which the legs are attached 
Some mites breathe through tracheal 
tubes, others by absorption of oxygen 
through the soft skin. 

The typical mite life cycle consists of 
the egg. the larva (six leggcd). the nymph 
(eight-legged but sexually immature), and 
the adult (eight-legged). The cycle, in 
general, takes from 1 to 4 weeks (or com- 
pletion, depending upon species, climate, 
and availability of a suitable host. 

Most mites of birds use blood or lymph 
for food, hence anemia is a more or less 
constant symptom. It might be expected 
that blood-sucking mites could easily 
transmit bacterial and viral infections. 
The common red mite, Dermanyssus 
linae, has been reported by Hertel (1904) 
and by Plasaj (1925) as a transmitter of 
fowl cholera organisms; and of the fowl 
spirochactc, Borrelia anserina, by Hart 
(1938). The same mite from chickens has 
been shown by Sulkin (1945) to harbor 
the virus of equine encephalomyelitis, 
western type; and by Howitt el al. (1948) 
to harbor the virus of the eastern type. 
Reeves et al. (1947) recovered western 
type equine encephalomyelitis virus from 
the northern feather mite, Omilhonyssus 
sylvtarum, obtained from the nests of 
English sparrows and yellow-headed black- 
birds. 

Hofstad (1949) found that the northern 
feather mite carried the virus of New 
castle disease (pneumoencephalitis) of 
poultry after feeding on infected chickens 
Hammon et al. (1948) isolated from the 
northern feather mite of wild birds a 
virus or a mixture of viruses from which 
the St. Louis and western equine en- 
cephalomyelitis viruses were obtained. 


Smith et al. (1944) isolated human St. 
Louis encephalitis virus from the red mite, 
Dermanyssus gallinae, in nature, following 
svhidi they infected mites from experi- 
mental cliickens and also infected chickens 
from mites (Smith et al., 1945, 1946, 1947, 
1948). Baker el al. (1956) believe the re- 
ported transmission of St. Louis encepha- 
litis virus of man by the chicken mites to 
be inconclusive. Sulkin and Izumi (1947) 
recovered the virus of western equine en- 
cephalomyelitis from tlie tropical feather 
mite, Ornithonyssus bursa. This was con- 
firmed by Miles et al. (1951). On the 
other hand, three later studies with bird 
nines from natural sources failed to 
demonstrate their role as vectors of the 
viruses of St. Louis encephalitis, or of the 
eastern and western strains of equine en- 
cephalomyelitis virus, according to Cham- 
berlain anti Sikes (1955), Reeves et of- 
(1955), and Sulkin et al. (1955). Meyer and 
Eddie {I960) isolated the virus of orni- 
thosis {Bedsonia sp.) from feather mitss 
(Ornithonyssus sp.) and also from non- 
parasitic mites found in the nests of tur- 
keys, two and one-half months after ths 
nests had been abandoned because of orni- 
thosis in the flock. 

Those mites that move rapidly over the 
skin will irritate birds to a considerable 
degree. Other species burrow into the epi- 
thelium, causing tissue proliferation and 
scab formation. Feather loss results from 
invasion of feather follicles by certain 
species, the feather bases being destroyed, 
or the birds may pull out the affected 
feathers. Although mites are considered 
ordinarily to be external parasites, several 
species invade the subcutis or the internal 
organs of birds. Red mites and feather 
mites of birds may bite man, producing 
papules witli itching, according to Bojt 
(1937), Arnold and Arnold (1943), Man- 
doul et al. (1945), Berndt (1952). Brown 
(1953). and Judd (1956). 

The rearing of bird mites for experi- 
mental purposes has been described by 
Wisseman and Sulkin (1947) and by 
Chamberlain and Sikes (1950). 
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Red or Roost Mite 

Dermanyisus gallinae (Fig- 33.11), the 
red or roost mite, is probably the com- 
monest and most widespread of all the 
miles of birds. Because it breeds in the 
birds* surroundings, attacking mostly at 
night, it is apt to be oserlooked. The a o 
female measures about 0.G9 by 0. mm-, 
s arming in color from gray to deep rc«i. 
depending upon its blood content. 
man and SulUn (1917) have dcscrit^ the 
life cycle, whitli may be completed m as 
little as 7 days. .\duU females cf^» »" 
the hosts’ surroundings 12 to - ‘o 


w'lsTSXW" Flint Qoaron.) 

after their hrst blood meal. Eggs hatch m 
48 to 72 hours when warm. The six-lcgg^ 
larvae, without feeding, molt in 24 to 18 
hours, breoming 6rst slsgc 


hours, Dccomuiti - 

nvmphs; they then molt to second stage 
mis in another 24 to 48 hours, soon 
ultXrds molliug to thu 
Chklcn, arc the commonest 
turkess. pigeons, canaries, several Yin 
bird? and man may be attack^. English 
sparrows frcciucntly transmit this 
iusc of the habit of lining their nests 

srith chiacn feathers. monihs 

Red mites may live for several m 
t»iihoui food. When hosts arc available 
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they may not only i:>Toducc anemia, 
thereby seriously lowering production, but 
may actually kill birds through extraction 
of blood. This is particularly true of 
young birds and of setting and laying 
hens. Birds m production may refuse to 
lay in infested nests. This symptom indi- 
cates that poultry houses should be ei- 
amined for mites. 

Control of Red Mhes. Among the 
methods for control were those proposed 
by Emmel (1942). Alicata et al. (1946), 
Hixon and Muma (1947), Peterson (1949), 
and Moore and Schwardt (1954). More re- 
cent recommendations will be found in 
references such as Linkfield and Read 
(1958), Hoffman (I960). Rodriguez and 
Riehl (1958, 1960b), Hoffman and Drum- 
mond (1961), and the U.S. Department of 
Agriculture (1962b). 

In summarizing the more recent meth- 
ods for red mite control, refer to the Iowa 
State University Summary of Iowa Pest 
Control Recommendations on page 927. 

To prevent red mite infestation, inspect 
houses frequently; quarantine netv birds 
until inspected; disinfest old houses be- 
fore admitting birds, and destroy nearby 
sparrow nests if possible. 

Northern Feother Mite 

Ornithonyssus sylviarum (Fig. $3.12) is 
the northern feaAer mite, so-called be- 
cause it occurs mostly in temperate and 
north temperate as well as in subtropical 
areas. It has been reported from 22 species 
of birds, including domesticated poultry 
and English sparrows, also from rats, and 
accidentally from man. It resembles the 
common red mite, but differs from it in 
that it occurs both on birds and on their 
surroundings more or less continuously, 
even during the daytime. When infested 
birds are handled, the mites quickly crawl 
over the examiner's hands and arms. Part- 
ing the feathers reveals the mites, their 
eggs, cast-off skins, and excrement on the 
bc^y surface and feathers, making the 
bird appear soiled. Feather mites ate 
vicious blood suckers. They also cause 



FIG. 33.12 -Ornithonyssus sylviarum, 
northern feolhsr tnlt», femolt. X73" 
brook ond Sloss.) 


scabs to form, thus injuring the 
ance of dressed poultry (Payne, 1930). 

Control of feather mites. This involve* 
both the birds and their surtoundings- 
Among the methods for control were those 
proposed by Payne (1929), Outright (1®^ '■ 
Povar (1946), Richter and Insko (1948b), 
Furman et al. (1953), Moore and Schwar t 
(1954), Edgar and McAnnally (1955). 
et al. (1956). Hoffman (1956), and Furman 
and Coates (1957). 

For reports on more recent methods for 
contiolUng the noitbwn feather j 

erence is made to Linkfield and 
(1958), Kraemer (1959), Kraemer a"'* ‘“J' 
man (1959), Rodriguez and Riehl (1^^ > 
1960b). Bigley et al. (1960). Knapp 3"“ 
Krause (1960), Simco et al. (1962b), and 
U.S. Department of Agriculture (19 h 

Specific treatments to control the 
ern feather mite are found on page 92 u 
der Control in GeneraL 
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Tropical Feather Mite 

Ornithonyssus bursa (Fig. 3 S.IS). the 
tropical feather mite, is closely allied to 
the nortliern feather mite. It is more 
prevalent in warm or hot climates al- 
though it has been found in the normern 
United States. Control is accomplished m 
much the same manner as for the northern 
feather mite, particular attention being 
pud to the birds themselves and their 
nests. See page 926 for specific control 
methods under Control in General. 


Chlggers 

Trombieula al/reddugisij a chigger, is 
the six-legged larval stage (Fig- 33.14) ol a 
mile that may infest the shin surface o 
various bird hosts as well as mammals, in- 
cluding man. The adults are not F*”**^*^ 
Unfed chigger larvae are from O.I to O.-ts 
mm. in diameter, hence hardly visible un- 
less they are engorged, svhen they appear as 
minute red dots. The adults breed on tne 
ground, especially along fence rows 

undisturbed wooded or brushy areas, me 

larvae attach to the skin, often in 
by means of their mouihparts, and inje 
a highly irritant substance into the wouno- 
There follows a liquefaction of the swn 
sshidi provides the larval cliigger wi 
fooil (^Vharton and Fuller, 195-, Jon 


1950). Itching vesicles or esen abscesses 
may form at the points of attachment, sur- 
rounded by a rone of hyperemia and 
edema. Apparently a 

as is indicated by the mortality fo 

lows infestation of chicks, especial y quail. 

Trombicuh baialas is a 
of importance from southern 
to Braril according to Michener O^IO), 
Doetschman and 

ter el at. (1956). It attacks chickens, lur- 
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keys, wild birds, man, and domesticated 
mammals. 

Neoschdngastta amcMcana, the chicken 
chigger, is an important pest of chickens 
(Ewing, 1929) and turkeys in tlie southern 
United States. It also iiiicsts quail. Whar 
ton is quoted by Baker el cl. (1956) as 
stating Uiat, in North and South Carolina, 
lesions on the skin of turkeys have to be 
removed before marketing the carcasses. 

Acomatacarus gallt, a chigger usually 
found on the rabbit, rat, and mouse, 
may be a pest of the chicken, according to 
Loomis (1956). 

Control of chiggers. Most of the rec- 
ommendations for poultry are based upon 
those used to combat chiggers on roan, or 
for chiggers on the ground. The older 
preventive laeihods, such as the use of 
powdered sulfur, sulfur ointment, balsam 
of Peru, and phenol have more or less 
been replaced by dimethyl phthalate, di- 
methyl carbate, ethyl hexanediol, and ben- 
zyl benzoate. EfRcient as they are on man. 
their use on flocks of birds appears to be 
impractically expensive at present 


Sprays are useful for controlling chig- 
gers on the ground. The Iowa State Uni- 
versity Cooperative Extension Service 
(1964) recommends a spray containing 50 
to 57 per cent malathion emulsifiable con- 
centrate at a dilution of one-half pint to 
10 gallons of water for 1,000 square feet oi 
vegetation. 

Reference is also made to a leaflet on 
chigger control from the U.S. Department 
of Agriculture (1956). 

Scoly-Leg Mite 

Knemidocoptes mutans (Fig. 33.15), the 
scaly-lcg mite, and related spedes are of 
common occurrence on various birds, par- 
ticularly the older ones that should ordi- 
narily be culled from flocks. The mites are 
almost spherical in shape, shoit-lcggcjl. 
and adult females are about 0.5 mm. in 
diameter. The male is less than half the 
size of the female, and the legs arc longer- 
Lcsions are produced on the unfeathered 
portions of the host’s legs and occasionally 
on the skin of the comb and wattles. Tun- 
nels are bored into the epithelium, causing 



Chapter 33: EXTCRNAt PARASITES OF POUITRY 


947 



FIG. 33.14— Lesion* prodwtfed by Knem<do<ep* 
tes mutant, the sealy*leg mite. (Benbrook and 
Slots.) 

proliferation and the /ormacion of scales 
and crusts (Fig. 33.16). This type of mile 
invasion of birds corresponds to sarcopiic 
mange of mammals. Affected birds may be 
crippled if the infestation is severe. The 
mites pass through their entire life cycle 
in the skin. Transmission to uninfested 
birds progresses slotvly by contact with 
those infested and with their surround- 
ings. 

Control of sca\v-lqp mites should b^n 
hy culling or by isolating the affected 
birds. Additions to the Hock should be in- 
spected for lesions. Houses should be 
cleaned frequently, especially the roosts, 
whicli should be sprayed as recommended 
for red mites. 

For individual treatment of birds hav- 
ing scajy-leg, Griffiths and O’Rourke (195(^ 
recommended benzene hexachloride (BHQ 
as a 0.1 per cent emulsion to be applied 
to each leg for 30 seconds svith a nail 
brush. Its odor may be transmuted to 
eggs. Cleland (1953) used 0.5 per cent by 


wei^t of lindane (gamma BHC) in raw 
linseed oil, which has a less objectionable 
odor. It may be necessary to repeat scaly- 
leg therapy at two-week intervals. 

Depluming Mite 

Knemidocoples laevis var. gallinae, the 
depluming or body mange mite, re- 
sembles the scaly-Ieg mite in general struc- 
ture although it is smaller, the adult fe- 
male being about 0.5 mm. in diameter. 
It invades the feathered areas of the epi- 
dermis of chickens, pigeons, and pheasants, 
especially around the feather bases. In- 
tense irritation induces the host to pull 
out body feathers. The mites are more 
prevalent in the spring and summer at 
which time the infestation may spread 
rapidly by contact. Depluming mites pro- 
duce injury by interfering with the control 
of body heat. Some of the affected birds 
will lose weight and show lowered pro- 
duction. 

Control is not easily accomplished. 
Prompt isolation of affected birds and dis- 
infestation of houses as recommended for 
red mites should come first. Treatments 
recommended for individual birds in- 
clude: 

A. Dipping in sulfur 2 ounces, soap I 
ounce, and warm water I gallon. This 
mixture should be thoroughly soaked into 
the skin and especially into the feet of 
cockereb. If lice are also present, there 
may be added to the dip, sodium fluoride 
or sodium huosilicate 1 ounce. 

B. Oinunents may be used, consisting 
of sulfur I part, petrolatum 4 parts; or 
caraway oil 1 part, petrolatum 5 parts. 

C. Moisten affected areas with soapy 
water, then apply powdered pyrethrum or 
powdered sulfur with the aid of a powder 
blower. 

D. Possibly O.I per cent lindane emul- 
sion may control this mite according to 
Baker et of. (1956). 

Air-Sac Mite 

Cytodites nudtu (Fig. S3.I7) is a mite 
that has learned to Iti-e as an internal 
parasite of-tlte respiratory sjstcm, indud- 
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fIG. 33.17 — Cylodilet nudu*. Th« olr>toc mil*/ 
mal«. xlOO (B«nbrook 4nd Slot*.) 

ing the brondii. lungs, air-sacs, and bone 
cavities connected therewith in birds. Air- 
sac miles hate been found in chickens, 
tuike)s, pheasants, and pigeons from 
many parts of the world. Although not of 
common occurrence, these mites are often 
overlooked because of their small sue and 
peculiar habitat. 

The adult female mites are whitish 
specks, measuring about 0 5 to 0.6 mm. in 
lengUi by about 0,4 mm. in width. No 
details are known of the life cycle, al- 
though the usual speculation is that the 
mites lay larvae m the lower air passages, 
lliat Uiese are coughed up and probably 
are swallowed, reaching th<" ground in the 
droppings. The mode of infection is not 
known. 

There is considerable conflict among 
observers as to the damage done by air- 
sac mites. Some are of the opinion that 
they arc practically harmless because their 
presence has been noted in apparently 
healthy birds. Others state that the miles 
are responsible for emaciation, peritonitis/ 
pneumonia, obstruction of air passages, 
and that ilicy are predisposing factors for 
tuberculosis. Heavy invasions have defi- 
nitely been associated with weakness and 
grave loss in v» eight, so that the affected 


birds resemble clinical cases of tuberai- 
losis. 

Close inspection of the opened cadaver 
of an affected bird soon after death will 
show whitish dots moving slowly over the 
transparent air-sac surfaces. Identification 
may easily be made by placing mites in 
a drop of water on a slide, applying a 
cover glass, and examining under magni- 
fication of 100 diameters. Little infor- 
mation has been published as to the con- 
trol of air-sac mites. Most writers recom- 
mend the destruction of the cadavers of 
affected birds, followed by disinfection 
and cleaning of the poultry house. Baker 
et al. (1956) suggest the possible use of a 
dust inhalant containing DDT or BHC 
as a control measure. 

Subcutaneous Mile 

Laminoiioptes cysticola (Fig. SS-18), 
(he subcutaneous or flesh mite, is anoihcf 
example o£ an originally external par** 
site invading deeper tissues. It has been 
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reported mainly from chickens, also from 
turkeys, pheasants, geese, and pigeons m 
many parts of the world. 

Perhaps it normally is a parasite of the 
surface or upper layers of skin 
ever, it is most frequently noticed m the 
loose subcutaneous connective tissue. It 
has even been reported as occurririg in 
the muscles, abdominal viscera, lungs 
(pigeons), and on the peritoneum. 

Ordinarily, subcutaneous mites do not 
appear to influence the health of infested 
birds, although the lesions produced niay 
make carcasses unpalatable as food for 
man. 

The female mite measures about 0.25 to 
0.26 mm. long by about 0.11 mm. wide. A 
distinctive feature is the transverse con- 
striction around the body posterior to the 
second pair of legs. The life cycle is un 
known except that the female lay* 
bryonated eggs. Neveu-Lemaire ( ) 

states that the mite will pass through al 
stages o! its development even m the 
deeper tissues of the host. 

Attention is most often called ‘ 

cuuneous mites by the occurrence of y • 
lowish nodules up to several millimeters 
in diameter in the subcuiis. These ^as 
are often mistaken for tuberculous lesions. 
The nodules appear to be caseo<al<yeous 
deposits formed by the bird so as o e 
close the mites after they die m the tis- 
sues. Large numbers of nodules are in 
often found in aged emaciated birds. Kas- 
parek (1907) reported L. cysttcola m p- 
geons in which the mites were sureounded 
by nodules in the lungs, causing deain. 

Perhaps more careful examination of 
the skin and subcuiis of birds 
dissecting microscope might revca 
presence of this parasite more ^requcnuy- 
Otherwise, diagnosis will depen 
finding the characteristic nodular lesions 
and by seeing the mites or their rein 
in nodules that have been crushed undCT 
a cover glass in a drop of acidulated vratw. 
according to Lindquist and Beldmg 

Apparently no attempt has been made 
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to control subcutaneous mites except by 
the destruction of affected birds. 

Other Mites 

Following is a brief discussion of the less 
frequently reported mites of poultry. They 
variously damage the skm. eat feathers, o 
damage feather quills. 

Epidermoptes btlobatus (Fig. 33.19) is 

a skin mite frequently reported from 
Europe and more rarely from South and 
North America, according to James ct al. 
/19S(h It occurs on chickens and^ ap- 
pareniy may or may not produtt lesions 
The adult female is about 0.17 to 0.22 
mm lonu. When lesions ate produced, 
Zi LL arsl of a fine scaly dennatit.n 
Tte may be followed by the formation 
of thick, brownish, sharply-edged scabs. 

°Nev7u.L;m.ire (19S8), of 

jests that the more severe lesions may be 
due partly to a concomitant fungous m 
(ection by Lophophyton lallmae, also 
.b," bird; with scalyleg mite, 

often have depluming mites at the same 
time. Epidemioplic scabies may at times 
iri. in emacialion and even death. 
Pruritus is a common symptom. 

Treatment of infested birds is recom- 
mended as for depluming scabies. In ad- 
dition. Neveu-Lemaire (I9S8) suggests the 
use of balsam of Peru and alcohol, equal 
Darts, applied to the skin. 

li.wimio ii/ureola, a feather-eating 
mite similar to Epidermoptes, has been 
reported on chickens m Eumpe, by Rets 
(1939) in Brazil, and by Bushnell and 
Twiehaus (1915) in a Kansas publimtion. 
In size it is said to be 0.25 by 0.15 mm. 
Only slight damage to feathers has been 

”°SmWoplnTus bipectinalus is commonly 
Isi quill mite. Originaliy desaibrf 
in Europe in 1880, it was not until 193-: 
LrrK. repotted in the United States 
by Rebrassier and Marlin (Ohio) from 
Se diicken, turkey, and golden pheasauL 
Schwabc (1950) uj.gs 

chicken, in New Jersey. “j/". 

ported S. bipectmatus on dnctcni in Mary 
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FIG. 33.19 -Epid.rmopr.. bilcbatu^ Th, epid.rmop.le »cabi« mile, female. X200. 
(Reis ond Nobrego.) 


land and Penn$)lvania. His paper is il- 
lustraccd by photographs of affected and 
healthy quills; also by photomicrographs 
of adult female and male mites. He also 
differentiates this mite from Syringophilus 
columbae of pigeons. A similar mite, S. 
columbae, has been described from ph 
geons by Hirst (1922). LavoipieTTC (1953) 
had previously described the female and 
the male pigeon quill mite. Wild birds 
harbor related species. S. bipectinatus fe- 
males measure up to 0.9 mm. in length and 
to 0.15 mm. in width. The mites appear to 


cause partial or complete loss of feathers. 
The remaining quill stumps contain s 
powdery material in which the mites 
be detected under losv posver magnin- 
cation. No specific method for control ha 
as yet been described. It should apP^ 
advisable to dispose of affected birds, then 
disinfect and dean their quarters. 

FalcuUfer rostralus (Fig. 33.20), anotbw 
feather-damaging mite, occurs prindp^v 
between the barbs of the large 
feathers of pigeons. Although 
mainly in Europe, this mite has been noted 



Chapter 33: EXTERNAL PARASITES OF POULTRY 


95! 



FjO. 33.20 — Folcvlifer rottratut, A feather mile 
of pigeoni, mole. X69. (Reli and Nobrego.) 

in the United Stale*, and it may be more or 
less widespread. Jn size, the mite may be 
0.8 mra. long {Hollander, 1950). Levi 
(1937) states that he has not found the 
feathers to be harmed. There is some evi- 
dence dial die njniphal stage of the mite 
may occur in the subcutis or the internal 
organs. 

Pillcrs (1927) and odicrs recommend 
that infested pigeons be fumigated wiUr 
sulfur dioxide gas. This appears to be a 
tedious and rather dangerous procedure. 
Vager and Cleiscr (lOlG) ireaied a group 
of Signal Corps pigeons for infection by 
Fatculifer rottralus, using 10 per cent DDT 
in laic Slight control was achioed in 21 
hours, widi great reduction of the mites 
in S da)s, and there was no oidcnce of 
toxicity lo the pigeons. 

Pre)an4 (.\f»cTOs^wl<Jx)fAflne5f» *1*® ^ 
fcadier-inhahiiing mite, has been reported 
from turkeys in .Maryland by Chapin 
(1925). Us prevalence in Texas and 
Louisiana is mentioned by UushncU and 


Twichaus (iS'fS). These mites congrc' 
gate in the grooves on die under sides of 
the shafts of the wing feathers. 

Afegninia gallinulae is a rarely reported 
mite, according to Wickware (1921), in 
Canada. Apparently it is associated with 
loss of scales from the lower legs of chick- 
ens and with a crusty dermatitis in the 
bead region. Neveu-Lemaire (1938) lists 
a similar species, Af. cubitaOs, from the 
body of chickens and turkeys in Europe 
and North America. The latter spedes is 
about 0.4 mm. long. Alicata et al. (1916) 
were able to reduce drastically the num- 
ber* of body mites, Afegntma cubilalis, by 
applying 10 per cent Leihane A-70, NH 
dust, 5 per cent DDT, undiluted sodium 
fluoride, or undiluted sodium (luosilicate 
to Hawaiian chickens. They also found 
that good control could be obtained for 
the wing mice, Pleroliehus obtusus, by 
using 10 per cent Lciliane A-70 or by 
undiluted NH dust. 

Levi (1937) states tliat pigeons in Soulli 
Carolina may have the rcaliiexs of the 
neck and body infested by Afegninie 
columbae. 

Nasal Mites 

tVeonyssus columbae, a nasal mite of 
pigeoru in Texas, was first described by 
Crossley (1950). Jt is about 0.7 mm. in 
length. No futUier information is avail- 
able regarding it. 

^t’eonyssui melloi. also a nasal mite of 
pigeons, was found by Crossley (1952) in 
Texas and Kansas. Formerly it had been 
first reported in ilrarif. 

Speleognathus striatiu, a Uiird nasal 
initc of pigeons, was first found in Texas 
by Crossley (1952). The mite is white and 
to 0.S mm. in length. Clark (1957) le- 
siewed Uie asian naul mites belonging to 
the family SpclcognaUudae, stating that 
no pronounc^ lesions had been found in 
ilie hosts. 

fn addition to the mites liitc^l, numer- 
ous other s|>ecies have been noted on birds 
in various {urts of the v«-orid. Some of 
ificse no doubt vt-iff be found invading 
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domestic poultry. For the present they 
may be considered of minor importance. 

TICKS 

Although ticks are quite important 
parasites of mammals, they arc ot rela* 
lively minor significance to birds. 

Both ticks and mites are invertebrate 
arthropods of the class ARACflNlDA. 
order Acarina. The ticks constitute a 
blood-sucking superfamily, namely the 
Ixodoidea They arc distinguished from 
the mites by being usually larger (to 15 
mm. in length) and by the presence of a 
pair of respiratory openings, one on each 
side of the leathery abdomen. Tlicse open- 
ings, called spiracles or stigmal plates are 
situated either betsscen the bases ot the 
last two pairs of legs (family Argasidae) 
or posterior to the last pair (family Ixod- 
idae). 

A typical tick life cycle includes die egg. 
the larva (seed tick), the nymph, and the 
adult stages. After engorging with blood, 
the female tick drops from the host to 
hide in soil, humus, litter, tree bark, or 
crevices during the prc-ovu!ation and egg- 
laying periods. From several hundred to 
several thousand eggs are laid. This takes 
weeks to months after which the female 
tick dies. The male previously had died 
following copulation After an incubation 
period, the minute six-legged larvae (seed 
ticks) emerge from the eggshells and 
await contact with a suitable host. Feed- 
ing on blood IS followed by molting of 
the larval skin and emergence of the eight- 
legged nymphs that resemble the adults 
except for maturity of the reproduoive 
organs. One or more additional molts fol- 
low before the adult female and male 
ticks fully develop. 

The total length of the tick life cycle 
varies greatly, depending upon the species 
of tick, availability of suitable hosts, and 
climatic conditions. Some ticks complete 
the cycle within 6 weeks; others may re. 
quire 2 years. In general, warmth and 
relative dryness favor tick development, 
although many spedes can withstand ex- 
tremely cold weather. On vacated premises 


the adults, especially, may remain alive 
for many months or even several years. 

Disease caused by licks may be of three 
general types. Foremost is the loss of host 
blood, whidi may result fatally. Secondly, 
there must be considered loss in produc- 
tion. no doubt assodated with blood loss, 
but also possibly due to tick-produced 
toxic substances. Thirdly, licks in general 
arc notorious transmitters of other para- 
sites, such as those of avian spirochaetosis, 
tularemia, babesiosis, anaplasmosis, dirT> 
filariasis, encephalomyelitis, and certain 
rickettsial diseases, notably Rocky Moun- 
tain spotted fever. The first two diseases 
.ire of particular interest to poultry raisers. 
Other avian diseases may be associated 
with lick transmission as has been sug* 
gested by Brown and Cross (1911) 1°’' 
avian leukosis. 

Few species of ticks are host-specific, 
and those found on birds are no excep- 
tion. The principal licks reported from 
birds in North America arc: 

Argos persifiij, the chicken tick that alw 
occurs on geese, ducks, turkeys, guinea 
fowl, osuiches, pigeons, canaries, various 
wild birds, and rarely on cattle and on 
man (Cooley and Kohls, 1944). 

Haemaphysalis le pons-pal tutris, the rah 
bit lick, is found mainly on rabbiu and 
hares, also on dogs, cats, horses, and rarely 
on man. It may infest the chicken, quail, 
and various other wild birds. 

fiaemaphysalis chordeilis, a wild bir 
tidt, has also been recorded from the tur- 
key in North America, as well as fr®^' 
various domesticated mammals and man 
(Cooley, 1946). 

Amblyomma americanum, the lone star 
tick, has been found on diickens and tur- 
keys although it is usually a parasite of the 
horse, cattle, many other mammals, an 
several wild bird hosts. 

Amblyomma tuberculatum, the gopher 
tortoise tick, has been found on the 
chicken. Other hosts include cattle an 
the dog, several species of wild birds, an 
the gopher-tortoise. . 

Omilhodoros hermsi, is one of the tic 
that may transmit a spirochete of relaps 
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ing fever to man. It has also been found 
on "fowl," bat, chipmunk, deer, and mouse. 

The Fowl Tick 

Argos persicus, the fotvl tick (Fig 
33.21), is the most important tick parasite 
of birds. Among its many common names 
are chicken tick, blue “bug," tampan, and 
adobe tick. In the United States it is dis- 
tributed mainly in those states along the 
Gulf of Mexico and the Mexican bc^er. 
It is also establisiied in many other tropi- 
cal and temperate areas of the tvorld. Al- 
though primarily a parasite of birds, it 
may be found on mammals. In North 
America it has been reported from the fol- 
lowing hosts: chicken, duck, dove, havvk, 
magpie, otvl, quail, sparrow, thrush, vul- 
ture, and t«ld turkey; also from cattle, 
dog, and man. 

The mature, blood-engorged female 
measures about 10 mm. in length and 
about 6 mm. in width, die mature male 
being about half tliat size. This tick is 
relatively easily recognized by Its fattened 
ovoid shape and reddish-brown color. 
There is no scutum or dorsal shield, whieft 
thus distinguishes it as belonging to tlie 
tick family Argasldac. The mouthparu 
are on the ventral anterior surface, hid- 
den from above by tlic projecting body. 



Tile female fowl tick may lay a total 
of 700 eggs at several layings, between 
which she seeks a host for a meal of blood. 
The eggs arc laid in sheltered crevices, 
including the bark of trees. They hatch 
from 10 days in warm weather to 3 months 
during cool periods. The almost miao- 
scopic larvae or seed u'cks immediately 
seek a host, although they may live for 
several months without eating. After feed- 
ing on blood for several days, the larvae 
leave the host for a iiiding place nearby, 
and generally in t to 0 days they reach 
the nymphal stage. Nymphs may do with- 
out food for as long as 15 months. How- 
ever, if a host is available, the nymphs 
feed during a night, then hide for 10 or 
12 days, shed their skins, and reach a 
second nymphal stage. After about an 
hour’s feeding at night and about a week 
in hiding, the adult ticks emerge from tlie 
itymphal skins, now ready to engorge wiili 
blood and reproduce over a period of 
about 30 days. The adult fowl tick may 
live for more than 2 years in an unfed 
Slate. Loomis working under lab- 

oratory conditions, found the complete life 
cycle of At^os persicus to be from 7 to 8 
weeks. 

0ird$ suffer to (he greatest degree from 
attacks of these ticks during the warmer. 
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dryer seasons of the year. The loss of 
blood may reach the proportions of a fatal 
anemia. At least there may be expected 
to be emaciation, weakness, slow growth, 
and lowered production. Ruffled feathers, 
poor appetite, and diarrhea are $)mptoms 
suggesting tick infestation. Turkeys usu- 
ally suffer even more than chickens, and 
recently hatched poults and chicks show 
the highest mortality 
The fowl tick is capable of transmit- 
ting a spirocliaete from the blood of in- 
fected birds to that of susceptible birds 
in many parts of die world. This organ- 
ism, Borrelia ameuna, is highly patho- 
genic. Burroughs (1947) claimed to be 
the first to find tick-borne avian spiro- 
chaetosis in the United States. He allowed 
fowl ticks {Argos persuus) to feed on an 
apparently normal chicken, which, in 6 
days, was positive for Sorreha anscrina in 
blood smears. Apparently Braiil is the 
area nearest to the United States in which 
avian spirochaetosis commonly occurs 
Rokey and Snell (1901) described epizootics 
of avian spirochaetosis in Arizona associ- 
ated with infestations by the fowl tick. 
Argas perskus may also act as a vector of 
Aegyptianella pullorum, an erythrocyte-in- 
vading protozoan (piroplasm) of birds. The 
disease thus produced, aegyptiancHosis. has 
not been reported from the Americas 
Brown and Cross (1941) found evidence 
that fow ticks are agents for the transmis- 
Sion of the virus of fowl paralysis. Howell 


et al. (1943) reported that occasionally the 
fowl tick may transmit the protozoan para- 
site of anaplasmosis of cattle. Micks (1931) 
described meiliods for the laboratory rear- 
ing of the common fowl lick. 

Control of the fowl tick. This is diffi- 
cult because the ticks are found on their 
hosu for about a week and then they hide 
in the birds' surroundings in order to com- 
plete the life cycle. 

/Vmong the previous reports on control 
are those of Bishopp (1911), Dove (1945). 
Edgar et al. (1953), Furman and 4Vein- 
mann (1956), Lapage (1962), Le Roux 
(1951^, also Rodriguez and Riehl (1956, 
1057b). 

At the present time, raalathion and S^ 
vin are recommended as sprays for the hid- 
ing places of fowl ticks and red mites. Con- 
cise directions for their use arc given on 
page 926 under Control in General. Con- 
trol methods arc also described in a leaflet 
from the U.S. Department of Agriculture 
(1962a). 

Tickeides should be used according to 
the instructions of the manufaciuw or 
distributor, keeping in mind their pO" 
teniial toxicity to man and animals. 

Other methods for the control of fowl 
ticks include the use of metal constme- 
tion, the elimination of tree roosung. 
using roosts suspended from the ceiling- 
Frequent inspection is necessary in order 
to combat ticks before tlieir number has 
increased to a harmful extent. 
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Nematodes and Acanthocephalids 
of PouIti*y 


Nemafodss 

Nematodes or roundsvonm are usually 
elongated, cylindrical, and unsegraented 
Vroms. The body is covered svilh a tougli, 
noncellular layer known as the cuticle. 
These worms have a wcll-dcvclopcd ali- 
mentary tract and, in contrast to (he (ape- 
worms. are usually bisexual 


The class Ncmaioda is divided into a 
number of orders, Uie members of which 
arc parasitic, semiparasitic, and frc(t-living. 
In (he present article, only those forms that 
are parasitic in poultry are discussed. 

The following key wiil aid in dilTcrcnti- 
ating the eight families containing spcdcs 
of poultry-parasitic nctnatodes. 


1. Worms with free-living adult generation, that is, males and females de- 
veloping outside of body; in digcsiivc iraci, hennaphrodiue females 

only . Strongyloididae 

Worms without a free-living generation, that is, incapable of producing 
males and females outside of bOTy . - 

2. W'orms hairlike or threadlike; esophagus tubular and capillary, the lube 
embedded in or otherwise in relation to a single row of cells; in aop and 

small intestine Ttidmridae 

Worms thick as compared with above: esojshagus well developed and 
muscular and with dehnite uiangular lumen, not in rclau'on to a single 
row of cells ^ 

5. Cordons or otlicr cephalic ornamrsitaiions present . . Acuariidac 

Cordons or other cephalic omamenutions absent .... 4 

-1. Prcanal sucker present 5 

1‘rcanal sucker abietu ^ 


[mj 
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5 . 

G. 

7 . 

8. 


Esophagus with distinct posterior bulb containing a valvular 

apparatus Heterakidae 

Esophagus without a distinct posterior bulb . Ascandidae 

Dursa present 7 

Bursa absent 8 

Buccal capsule well developed and conuining at least six teeth at base; 

oral opening hexangular . Syngamidae 

Buccal capsule reduced and containing not more than three teeth at base 

or none Tricliostrongylidae 

Pseudolabia absent Thelaziidae 

Pseudolabia present Spiruridac 


General Morphology. In general the 
body oi a nematode is spindle-shaped with 
the anterior and posterior ends attenu- 
ated. The body covering or cuticle is 
usually marked by transverse grooves, and 
sometimes longitudinal folds or a|ae may 
be present. These alae may be confined 
to the anterior end of die body, in which 
case they are termed cervical alae; or they 
may be confined to the posterior part of 
the body, being then termed caudal alae. 
The latter are found on the tail of the 
male worm and, in the case of certain 
groups, are modified to form a bursa. 
Cuticular ornamentations are occasionally 
found on the anterior extremities of cer- 
tain small groups of roundworms. These 
ornamentations may take the form of 
spines, cordons, or shields. 

The mouth opening is located at the 
extreme tip of the anterior end of the 
body and is usually surrounded by lips 
bearing sensory organs. In the more gen- 
eralized type of nematodes, the moudi 
leads directly into a mouth cavity- This 
cavity may be considerably reduced or ab- 
sent in the more specialized groups of 
nematodes. Directly posterior to the mouUi 
cavivy iv iVit tsojAagos. This pan oi die 
intestinal tract may be simple, i.e., con- 
sisting of one undivided part, or it may 
be more complex, consisting of a short, 
anterior muscular part and a long pos- 
terior glandular part. A bulb may or may 
not be present at the posterior end of the 
esophagus. Following the esophagus is the 
intestine which is connected with the anal 
or doacal opening in the posterior end of 
the body by a short rectum. 

The nematodes are, with very few ex- 


ceptions, sexually distinct. The male can 
usually be distinguished from tlvc female 
by Uic presence of two — sometimes only 
onc — chitinous structures known as spic- 
ules whicli arc located in tJie posterior 
end of the body. The spicules have been 
considered as inliomiiicnt organs for use 
during copulation. That the spicules do 
take an active part in copulation has been 
observed many limes. They have been ob- 
served to wiilidraw and insert alternately 
over extended periods during coitus. It 
has been reported Uiat iJie primary func- 
tions of the spicules is to keep the vulva 
and vagina open and, to some extent, guide 
the sperm into the female. The female 
reproductive products are discharged 
tJirough U)e vulva, the position of which 
varies considerably in dilTcrcnt groups of 
nematodes. 

Sexual dimorphism is remarkably dem- 
onstrated by some species of nematodes. 
One of the most striking examples of this 
interesting phenomenon is Tetrameres 
americana, a nematode occurring in the 
proventriculus of certain kinds of poultry. 
The globular-shaped females enter the 
glands of the proventriculus or glandular 
stomat^ wben very young, and as "duT 
begin to swell with eggs, their bodies as- 
sume the shape of the lumen of the glands. 
The adult male worm of this species is 
very raudi smaller than the female and 
retains the usual elongated nematode 
shape and usually lives free in the lumen 
of the proventriculus. 

Nematodes are found in a variety of lo- 
cations within the bodies of their hosts. 
The eyes, air sacs, thoracic and abdominal 
cavities, and the tracheae are some of the 
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„numal places that nematodes occar « 
narasites o£ avian hosts. The mteslina 
Let is, o£ course, the habitat oi the largest 
number of species of roundworms. ^ 

Development. Nematodes ha 
direct (monoxenous) and an 
^.eteroxLus) type »! . 

Vhose worms with life htstone o ^4 
first type require no invertebrate utter 
mediate hosts to complete 
and constitute approximately 
all the nematode species '"'“‘"f 
However, the majority of the pe 
round, forms found in poultry ™ 

second type and depend upon 
mediate hosts as insects, marls, and slugs 
lor the early stages of thetr f “f oment 
Regardless of the type of 
that a certain species <■' ' ““J. 

have, it normally passes ihroush ^ do^ 
vclopmental stages before i 
adultl the latter is the 
Beginning with the ’'“"f 
succeeding developmenal stag 
cycle is Jreceded by a 
usually referred to as a ,i,j 

shin in the case of some nematodes tlie 

‘^e’ S dXrentTnd othem^u no.- 

‘the life histories of 

fecting poultry are essenl.ally the same 
The which are deposited 

cation in which dte fejur^r w ^ 
found, ultimately reach the . 
droppings. This ex^rpoml 

.iiy be tendered 

hoi be it avian of 

diiioni existing wUhm di 
definirive host are ur^y „ 

development of ilte ^6^ host and 

once ouuide rl.e bod, of .he m.d hmt a» 

iemi>cravurc rcquircm^i*. »«« 
dergo development. 

for the eggs to embryonal ^ ,jnoc. 
vshai upon U»e s{>eao of i>ara»i« 


under similar environmental conditions, 
ihe eees of some nematodes require on y 
f^tofdays to 

while others require several vs celu. In 
case of nematodes witli a direct ' 

r '“l' tated wVtlhrireel I'arvaf 

'dTe rerha^u.d-' case of nctna; 
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host containing infccme larvae, 
‘‘'CoruncT of nematodes of poultry. 

fmarum, protozoan disease 
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of litrlc oconomte ‘"ipb"*"'' ^ Pje aR 
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The following list show’s species of 
nematodes found in poultry of this coun- 
try, with their intermediate hosts, usual 
locations, and kinds of poultry affected. 

NEMATODES OF THE EYE 
Thelaziidae 

The eyes of poultry are the seal of 
infection for a single species of nematode, 
Oxyspirura mansoni. This nematode be- 
longs to the Thelaziidae. Members of this 
family have a buccal capsule which may 
be well developed or rudimentary, and 
the vulva may be anterior or posterior to 
middle of body. 

Oxyspirura mansoni (Cobbold, 1879) 

Synonym. Filana mansoni Cobbold, 1879. 

Description. Mouth circular, surrounded 
by a 6-lobcd chitinous ring (Fig. 34.IA). 
Two pairs of subdorsal and I pair of sub- 
ventral teeth in mouth cavity. 

Male 8.2 mm. to 1.6 cm. long by S60/i 
wide. Tail curved ventrally, without alae. 


Four pairs of preanal and 2 pairs of post- 
anal papillae (Fig. 34.1B). Spicules un- 
equal (Fig. 34.1C); one is 5 to 4.55 mm. 
long and the other 180 to 240^ long. 

Female 1.2 to 2 cm. long by 270 to 430^ 
wide. Vulva 780^ to 1.55 mm. from tip of 
tail. Eggs embryonated when deposited. 

This roundworm is found beneath the 
nictitating membrane, conjunctival sacs, 
and naso-lacrimal ducts of poultry in the 
states of Florida and Louisiana, and pos- 
sibly other southern states. 

Life history. Sanders (1929) found that 
an intermediate host was necessary for the 
successful transmission of this parasite 
from one bird host to anotlier. 

The complete life cycle of the ejeworm 
as worked out by Sanders is as follows: 
The eggs of the mature female worm are 
deposited in the eyes of the bird host. 
They are then washed dovm the tear ducts, 
swallowed, and passed to the exterior in 
the droppings. The cockroach, Pycnoseelus 
(Leucophaea) surinamensis, which is an 



FIG. 34.1 - Oxyspirura mansoni. (A) Front view of head. (B) Venlral view, 
view, of mole tail. (After Ransom, 1904.) (D) Tail of second stage larva. 

i92aj 


ond (C) lateral 
(After Fielding, 
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Nematodes 
Oxyspirura manjoni 

Syngamui trachea 

Cyathostoma 

bronchialis 

Capillaria annulala 

Capillaria contorta 


Gongylonema 
inglvvieola 
Dispharynx nasuia 

Seurocymea colini 


nematodes and ACANTHOCEEHAUDS OE EOUtTRY 


Location 

Eye 

Intermediate 

hosts 

Cockroaches 

Definitive hosts 
Chidmn,Tuikay,P“‘o">' 
Ducks 

Trachea 

None 

Chicken, Turkey. Guinea 

fowl. Goslings, Pheasant 
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Trachea Unknown 

Esophagus. Crop Eardiwom* 


Esophagus. Crop None 


Crop 


Unknown 


Proveniriculus 


Provenuicolus 


Sowbugs 

Pillbugs 

Cockroaches 


Chicken. Turkey. Guinea 

fowl, Pheasant. Bobwhite 
quail 

Turkey, Duck, Bobwhite 

quail, Hungarian partridge. 
Ring necked pheasant 
Chicken, Turkey, Bobwhite 
quail 

Guinea £owl, Turkey, Chick- 
en, Pigeon, Bobwhite quail 

Turkey, Bobwhite quail, 
eu,rn.tai1ed CTOUSe, 


T.mm.m.m.rto. Pio,.nu,c«to 
Chetlotpirura hamuloia G.iiard 


Amidoaomum amtri! Gtord 

Ascandia columbad Small intwime 

A,c.rUi.„d^id« small 

A«.r:di^dU,:^dh Small 

Cflllari. rfilE""" S”" 

Capillario caadinflata Small mtesunc 

OmlUmlmaiDl- Small mmA™ 

quadTiradiatiis 

Heterakis gallinarum Ce«“* 

Strongylaides avium Cecum 

Trickostrongylui tenuis Cecum 


Su6uIuro brumf 1« 


Cecum 


Grasshoppers 

Cockroaches 

Grasshoppers 

Beetles 

Sandlioppers 

Weevils 

None 

None 

None 

Unknown 

None 

None 

Earthworms 

None 


Chicken 

Chicken, Turkey 


Duck, Goose 
Chicken. Turkey 
Pigeon 
Guinea fowl 
Turkey 

pigeon. Chicken, Turkey 
Chicken, Turkey 
Pigeon, Mourning dove 


None 

None 

None 

Grasshoppers 

Beetles 

Mealworms 

Unknown 


Chicken, Turkey 
Chicken, Turkey 
Chicken, Duck. Goose, 
Guinea fowl 
Chicken, Turkey, 
Bobwhite quail 


Chicken, Guinea fowl, 
Bobwhite quail 


Subulura strongylina 


Cecum 
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omnivorous feeder, ingests the nematode 
eggs deposited in the droppings of in- 
fected birds. Within approximately 50 
days following the ingestion of the in- 
fective eggs under experimental condi- 
tions, the cockroach contains in its body 
cavity mature larvae, which are capable 
of infecting a susceptible host. The mature 
larvae are often contained svithin cysts 
which are located deeply in the adipose 
tissue or along the course of the alimentary 
tract of the insect host. Some of the larvae 
release themselves from the capsules and 
are found free in the body ca\ity and legs 
of the cockroach. When an infected cock- 
roach is swallowed by a chicken or other 
susceptible host, the infective larva is 
freed in the aop of the bird host, from 
which it later passes up the esophagus to 
the mouth and through the naso-Iaoimal 
duct to the eye. 

Experiment^ evidence indicates that 
various wild birds are capable of be- 
coming infected with the eyeworm of 
poultry and, as a result, may serve as 
sources of infection for domestic birds. 
Such birds as the blackbird, Ageloim 
phoemceus, the bobolink, DoUchonyx 
oryzivOTtis, the wild pigeon, Columha 
Uvia, the loggerhead shrike, Lanim ludo- 
vicianus, and the blue jay, Aphelocoma 
cyanea, have been experimentally infected 
with the eyeworm of poultry. Schwabc 
(1951) repotted the eyeworm to occur 
naturally in the English sparrow, mynah, 
Chinese dove, Japanese quail, and pheas- 
ant {Phasianus torquatus torquatus and 
P. versicolor versicolor) in Hawaii. During 
the course of an investigation as to the 
role of the natural reservoir hosts in the 
spread of the eyeworm in Hawaii, Schwabe 
decided that the local wild birds are of 
little importance in the dissemination of 
this poultry parasite. 

Pathology. Birds harboring eyewormi 
show a peculiar ophthalmia. They appear 
uneasy and continuously scratch at the 
eyes, which are usually watery and show 
much inflammation. The nictitating mem- 
brane becomes swollen and projecu 
slightly beyond the eyelids at the corners 


of the eyes and is usually kept in con- 
tinual motion as if trying to remove some 
foreign object from the eye. The eyelids 
sometimes become stuck together, and a 
white cheesy material collects beneath 
tltcm. If left untreated, severe ophthalmia 
may develop, and as a result the eyeball 
may be destroyed. The worms are seldom, 
if ever, found in the eyes when severe 
symptoms are manifested, presumably due 
to unfavorable conditions existing there. 

NEMATODES OF THE RESPIRATORY TRACT 
SyngomidoB 

These roundworms, commonly desig- 
nated as gapeworms, inhabit the trachea 
of young cliickens, turkeys, and guinea 
fowls (Fig. 34.2), They are the cause of 
the disease known as "gapes." The gape- 
worm belongs to the family Syngamidae. 
Members of this family are characterized 
by having the vulva in the anterior part of 
the body, with stoma well developed and 
hexagonal in cross section, and with corona 
radiata reduced or absent. 

Syngnmus trachea (hfontagu, 1811) 

Synonyms. Fasciola trachea Montagu, 
1811; Syngamus trachealis Slebold, I8S6. 

Description. Red worms, the color more 
pronounced in female, ^^oulh orbicular, 
with a hemispherical chitinous capsule, 
usually with 8 sharp teeth at the base. 
Mouth surrounded by a chitinous plate, 
the outer margin of which is incised to 
form 6 festoons opposite each oilier. Male 
permanently attadied in copula to female, 
forming a Y (Fig. 34.3B). 

Male 2 to 6 mm. long by 200;* wide. 
Bursa obliquely truncated, provided with 
rays, sometimes with strikingly asymmetri- 
cal dorsal rays. Spicules equal, slender, 
short, 57 to 64f* long. 

Female 5 mm. to 2 cm. long (longer in 
the turkey) by 350;t wide. Tail end coni- 
cal, bearing a pointed process. Vulva 
prominent, about one-fourth of body 
lengtii from anterior end, but the position 
varies with age. Eggs 90/* long by 49/* wide, 
ellipsoidal, operculated (Fig. 34.3A). 

The gapeworm, Syngamus trachea, is 
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sometimes designated as the *‘red-worni” 
or '‘forked-worm” because of its red color 
and because the male and female are 
joined together so that they appear like 
the letter Y, This parasite is cosmopolitan 
in distribution. 

Life history. The life history of the 
gapeworm is peculiar in that transmission 
of this parasite from bird host to bird 
host may be successfully accomplished 
either directly by the feeding of embryo- 
nated eggs or infective larvae, or indirectly 
by the ingestion of earthworms containing 
free or encysted gapeworm larvae whicl) 
they had obtained by feeding on contami- 
nated soil. The female gapeworm deposits 
its eggs tfirough the vulvar opening under- 
neath the bursa of the attached male into 
the lumen of the trachea. The eggs reacli 
the mouth cavity, are swallowed, and pass 
to the outside in the droppings. Follow- 
ing a period of incubation of approxi- 
mately 8 to 14 days under optimum o^n- 
ditions of moisture and temperature, these 
eggs become embryonated. Soon after 
embryonation, some of the eggs may 
hatch, the lars'ae living free in the soil. 
Should specimens of the earthworms, 
Eisenia (fj) foelidus and Allohbophora 
(H) caliginosus, and perhaps others, be 
present in the soil whidi has been con- 
taminated with feces containing the eggs 
of gapeworms, these annelids will become 
infected with gapeworm larvae. Within 
the earthworm, the larvae penetrate the 
intestinal wall, enter the body cavity, and 
finally invade the body musculature in 
which they may encyst for an indefinite 
period. Taylor (1938) stated that gape- 
worm larvae may remain infective to young 
chickens in the eaithwornt for as long as 
4)4 years. This author also found that 
slugs and snails may also serve as transfer 
hosts of Syngamus trachea larvae and that 
live gapeworm larvae were obtained from 
snails over a year after infection. These 
mollusks are not essentially true inter- 
mediate hosts in the strict sense of the 
word, since they are not absolutely neces- 
sary for the successful transfer of the gape- 
worm to other susceptible bird hosu. 


Cbpham (1934) and other investigators 
have observed that strains of Syngamtis 
trachea taken from various wild and do- 
mestic birds were more readily transferred 
to young chickens and with a greater de- 
gree of success if the earthworm was em- 
ployed as an intermediary. 

The exact path of migration of the 
gapeuorm larva after it has once entered 
the intestinal tract of the avian host until 
it reaches the lung is not known. Walker 
(ISSd) beiicved that the larvae, after being 
swallowed by the definitive host, passed 
through the esophageal wall and entered 
the lungs directly from the outside. More 
recent observations have indicated that the 
path of migration may be via tlic blood 
stream. However, convincing evidence 
tvhich tends to show the true path of 
migration is siill lacking. 

Observations by Wchr (1937b) have 
shown that the infective larvae reach the 
lungs in an apparently undtanged con- 
dition within at least 0 hours after they 
have been ingested by the bird. By the 
third day following inoculation, the larvae 
have developed to the fourth stage, and 
by the seventh day several fourth-stage 
larvae and a few immature adults — one 
pair of the latter in copula — were found 
in the lungs; five pairs of immature adults 
in copula v\ere found in tlie trachea. It 
is evident from these and other obser- 
vations that the male and female of 
Syngamus traebca may copulate as young 
adults while fn the lungs sometimes be- 
tween the third and seventh days following 
infection, and that the worms reach tlie 
trachea about the seventh day after in- 
gestion of the embryonated eggs and larvae. 
These findings differ from those of Ortiepp 
(1923) who believed that the fourth stage 
was the final stage in the development of 
this nematode, and that the second-stage 
larvae represented the infective stage. This 
latter observation is obviously an error, 
sines the gapeworm embryo has been ob- 
served to molt twice inside tlie egg. 

Approximately two weeks are required 
for the infective larvae to reach sexual 
maturity and for eggs to appear in the 
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Cyathostoma bronchtalis (Muehlig, 1884) 

Synonym. Syngamus bronchialis Mueh- 
lig. 1884. 

Description. Very similar to Syngamus, 
but larger and less firmly united in copulx 
Buccal capsule somewhat wider than deep, 
usually six but occasionally seven triangu- 
lar buccal teeth. 

Male 8 to 12 mm. long by 200 to 600/» 
wide. Spicules long and slender, 540 to 7M 
mm. long, with tips slightly incurved. 

Female 16 to 30 mm. long by 750/t to 
1 5 mm. wide. Vulva with fairly promi- 
nent Ups, situated in posterior part of 
anterior third of body. Tail acute. Eggs 
68 to 90^ long and 43 to 60/i wide, witlt 
slight operculum in mature ones. 

Life history. Unknown. Probably similar 
to Syngomuj trachea. This species of 
gapeworm is apparently widespread in 
domestic geese in Europe and to some ex- 
tent in wild geese of the United States. 
The following record of its appearance in 
domestic geese of this country appears 
to be the only one. 

Pathology. Griffiths el ai (1954) re- 
ported a morbidity of 80 per cent with a 
mortality of about 20 per cent in a flock 
of domestic geese near Duluth, Minnesota. 
The course of the disease extended over 
a period of 5 months, during which time 
the birds showed symptoms of respiratory 
distress as evidenced by throwing back 
their heads and gaping for air. Severely 
affected birds died soon after the appear 
ance of respiratory disturbances. The 
symptoms exhibited were similar to those 
of laryngotracheitis. Recovered brjds 
showed growth retardation. Cram (1928) 
reported infections of this gapeworm in 
Young Blue, Cackling, Snow, and Canada 
geese in Illinois. 

NEMATODES OF THE AUMENTARY TRACT 
CROP 

At least three species of nematodes, 
commonly referred to as crop worms, oc 
cur in the crop of domestic fowls. Two of 
these are commonly known as capillarid 
worms or hairworms and belong to the 
family Trichuridae, while the third u 


designated as the gullet worm and is a 
member of the family Thelaziidae. 

Trichuridae 

The members of this family are charac- 
terized by having the body more or less 
clearly divided into an esophageal portion 
and a posterior portion which contains 
the other organs. The esophagus is a cu- 
ticular tube embedded in one side of a 
single or double row of esophageal glands. 
The male possesses only a single spicule. 
Vulva is located at junction of esophageal 
and posterior portions of body. 

Capillaria annulata (Molin, 1858) 

Synonyms. Trichosoma annulaium Mo- 
lin. 1858; Thominx annulata (Molin, 
1858) Cram. 1925. 

Description. Worms long and threadlike. 
Cuticle inflated just behind head in adult 
specimens to form a bulbous swelling (Fig. 
34.4A). Not far behind this, the cuticle is 
thrown into wavy transverse folds for a 
short distance. 


A 


FIG. 34.4 — Capillaria onnulata. (A) Head end. 
(6) Male tail. (After Ciurea, 1914.) 
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Mde usually 1 to 2.5 cm. long by 52 to 
74p wide. Tail ends in two inconsp.cuom 
round lateral Haps, united dorsally by a 
cuticular flap. Spicule sheath beset w.m 
fine spines (Fig. 34.4B). Spicule 1.12 to 
1.63 mm. long. 

Female usually 2.5 to 6 cm. long b^7 
to 120a -wide. Posterior poruon of 
(posterior to vulva) about 7 tiines as long 
as anterior portion. Vulva arcul^. lo- 
cated about opposite the terimnation of 
the esophagus. Eggs operculated. 55 to 
lone by 26 to 28;i wide. 

CapilUria tmnulula occurs naturally to 
the bobwhite quail, domestic chicken and 
turkey, pheasant, and Hungarian par- 
tridge. Worms of this speaes are aim 
in appearance to those of C«(n»4T'« "»■ 
lorla but may easily be , ‘7, 

the presence of a cuticular swelling just 
back of the head. _ r'.A.n.Wu 

Madsen (1951) synonyraiied 
annulata (Molin, 1858) with ^ 
contorw (Creplin, 1839). Because of 
presence of a cuticular inflation around 
the head and experimental «''iJe''“ 
points to the necessity of an 

host for its complete development Cup.l 
laria onmilata has been recogniied as 
distinct species. , _ . ^ 

Life history. Eggs of thts ^ 

out in the droppings of the in e 


They develop very slowly; a period of 24 
day" to over 1 month is sometimes neces- 
More they have reached the stage 
at which they contain “ 

Wehr (19S6} discovered that the eartn 
w^ U required in order successfully to 
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to another He demonstrated that under 

sallowing infected .d this 

™‘‘a“ Mnf asToeJated lith'the deaths 

rlkey^inMatyMd-TJm^t^^^ 

" tr i.t\h”^amast 

largemenl of to 5 located. Usually 
w'fist'slirht or severe inflammaUon of 

upon the seven y iuztice of 

sloughing tissue PS; galli- 

„a!Sor;re'uri«f:ctions with this 


tin 34 5 -CopillorIa onnu- 
?hin-wQlled normal crop. 
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parasite often prove fatal. In these birds 
the symptoms reported are principally 
malnutrition and enjaciation. associated 
with severe anemia. Allen and Gross 
(1926) reported severe anemia in an in- 
fected ruffed grouse, shortly before death. 

Hung (1926) made a histopathological 
study of three cases of varying intensity 
and reported the following changes: “On 
the basis of the above observations it is 
quite evident that the pathological 
changes caused by C. annulata may be 
divided into three stages. The first stage is 
the hyperemic stage in which only hyper- 
emia and lymphocytic infiltrations arc 
present. In the second stage the yellowish- 
white nodules are present, and the lym- 
phatic apparatus is enlarged and some- 
ijnjfs necrotic The enJuTgenient oi the 
lymph follicles gives the appearance of 
nodules The third stage is that of the 
formation of the pseudomembrane, in 
which the mucosa is covered with a mem- 
brane containing fibrin." 

Capillaria contorla (Creplin, 1839) 

Synonyms. Triehosoma conlorlum Crep- 
lin, 1639, Tiiomtnx contorta (Creplin, 
1839) Travassos, 1913. 

Description. Body threadlike, attenuated 
anteriorly and posteriorly. 

Male 8 mm. to 1.7 cm. long by 60 to 
70^4 wide Two terminal lacerodorsal 
prominences on tail end Spicule very 
slender and transparent, about 800ft long, 
according to Travassos. Spicule sheath 
covered sviih fine hairlike processes (Fig 
34.CB). 

Female 1.3 to G cm. long by 120 to 150,, 
ivide. Vulva prominent, circular, 140 to 
180ft posterior to beginning of intestine 
(Fig. S4.6A). 

CapiUoTia contorta has been reported 
from a large number of hosts, including 
the duck, turkey (both domestic and 
wild), pheasant, quail, and ruSed grouse. 

Life history. Eggs are apparently de- 
posited in tunnels in the crop mucosa and 
escape into the lumen of crop and esopha- 
gus svith the sloughed mucosa. They are 
found abundantly in droppings from in- 
fected birds, .•\pproximately 1 month or 


shelly longer is required for embryos to 
develop within the eggs. Worms mature 
and eggs pass to the outside in the drop- 
pings of susceptible avian hosts in from 
1 to 2 months after feeding the embryo- 
nated eggs. Attempts to experimentally in- 
fect diickens, guinea fowls, and pigeons 
were unsuccessful. 

Pathology. When present in large num- 
bers these worms are highly dangerous. In 
light infections the wall of the crop and 
esophagus become slightly thickened and 
inflam^ In heavy infections, there is a 
nt^tlted thickening and inflammation, 
with a flocculent exudate covering the 
mucosa and with more or less sloughing 
of the mucosa (Fig. 34.7), 

Affected birds become droopy, weak, 
and croaaated. 5fany deaths due to in- 
fection with this worm have been ob- 
served among wild turkeys and Hun* 
garian partridges in this country. 

The author visited a flock of domestic 
turkeys in Virginia, among which several 
birds were reported to have died from 
heavy infections with this crop worm. A 
number of visibly affected birds had been 
segregated from the main flock and were 
held in a pen by themselves. These birds 
moved only when disturbed, and then 
''ery slowly and with an unsteady gait. 
Occasionally a bird was seen to fall back 
on its hock joints and assume a penguin- 
like position. Others extended and re- 
tracted their heads and necks as if at- 
tempting to relieve an obstruction in their 
throats. Xhe crops of the most severely 
effected birds were filled with a fetid 
liquid. Emmel (1939) observed that in- 
fcctiQQ with this crop worm appeared first 
iu tl,e older birds, and later those of all 
®gcs became affected. Affected birds ap 
peered indisposed, weak, and droopy, with 
the forepart of the body slightly elevated. 
The bir^ were not inclined to move unless 
forced to do so. He also observed that the 
bird^ occasionally assumed a penguinlike 
potttire, with the head drawn dose to the 
and that affected birds frequently 
t^^^Howed and in doing so always extended 
and "ducked” their heads. 




FiC. 34.6 — Captllano toniorta, (A) 
Region of vulva. (After Eberth, 
1863.) (8) Mole toil. (After Trovot- 
io*. 1915.) 


fIG. 34.7 — Section of crop of bob- 
wrhiie quQit, thowing Copillorlo 
contorfa ond domoge produced b/ 
it. Experimental infection. Xl14. 
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Thelazitdoe 

For family diagnosis, see page 969. 
Gongyloiiema ingluvicola Ransom, 1904 

Description. Anterior end of body with 
a zone of shieldlike markings, few and 
scattered near head, numerous, and ar- 
ranged in longitudinal rows farilver back 
(Fig. 34.8A). 

Male 1.7 to 2 cm. long by 221 to 250fi 
wide. Cervical papillae about 100;» from 
head end. Tail with two narrow bursal 
asymmetrical membranes. Genital papillae 
variable in number and asymmetrical; pre- 
anai papillae up to 7 on left side and up 
to 5 on the right side (Fig. 34.8B). Left 
spicule as long, or nearly as long (1.7 to 
1 9 cm.) as body and 7 to 9/i wide, with a 
barbed point; right spicule 100 to 120/1 
long and 15 to 20^ wide. 

Female 3.2 to 5.5 cm. long by 320 to 
490^ Slide. Vulva 2.5 to 3.5 mm. from tip 
of tail. 

This worm h.as been reported from the 
chicken, turkey, and quail in the United 
States, 

Life history. Cram (193ia) fed larval 
roundworms collected from the beetle. 


HG. 3i.8— Con 0 ylpn«ma Ingluvicola. (A) Hoo^, 
(K) Malo tall. (Afler ftansom, 1V04.) 


Copris minutus, to a chicken and re- 
covered a single male specimen of a species 
of Gongylonema, tentatively identified as 
G. ingluvicola. Cram subsequently infected 
cockroaches by feeding embryonated eggs 
of C. ingluvicola derived from mountain 
quail. Some of the larvae recovered from 
the cockroaches were fed to a chicken. No 
worms were found when the chicken was 
killed 79 days later. 

Pathology. The only damage that has 
been assodated with these worms is the 
local lesions in the form of burrows in the 
mucosa of the crop. 

General Discussion 

Crop worms penetrate into the mucosa 
of the crop and esophagus and make 
tortuous burrows in which they live. \Vehr 
(1937a) observed that each of these species 
of crop worms, when seen in their normal 
positions in the mucosa of the turkey, 
displayed a different body contour. The 
value of this observation lies in the fact 
that identifications of the worms involved 
may be made with a reasonable degree of 
accuracy without resorting to the time- 
consuming task of making a detailed 
microscopic examination of each worm. 
In situ, all three species of worms assume 
a folded position, differing, however, in 
the character of the folds. In the case of 
the so-called gullet worm, Gongylonema 
ingluvicola. the perspective is one of a 
series of folds approximately uniform in 
sire and shape, following one another in 
close succession and usually extending in 
a straight line. The body shape of the two 
species of Capiliaria consists of a series of 
irregularly shaped folds. Capillaria an- 
nulata may be differentiated from Capil- 
laria contarta by its slightly smaller site. 
In case of any doubt as to the identity of 
the two species, the specimens may be re- 
moved from their burrows and examined 
under the microscope. Should a cuticular 
swelling be present directly back of the 
head, the worm is C. annulata; if this 
structure is absent, it is C. conloria. 

Capillaria contorta is frequently found 
in large numbers in wild and domestic 







bird! In the United States, this crop 
worm has been reported to 
in Ore Hungarian 

ringnecked pheasant, c 

ouail, wild and domcstm in*'. 
mestic turkey, and possibly others, 

'Tmamdes inhabiting Proventri™; 

lus o£ domestic poultry belong 
lamilies, namely, Acuarndae and Sprm 
dae. 

The acuariids are 

ing well-developed P»udolab.a nd mu™ 

lar ornamentations on the an k 

of the body 


I me Douy. 

Dispharynx nasuta (Rudolphi. 

Synonyms. Spiroflero 
1819; DisfJiorogus ff,'”'", Raffliet. 

Acuaria spiralis (Molin, ^ . vyu 

Henrv. and Sisoff, 1912. Goble and Kuii 
(1945) concluded that all “J’ 

Dispharynx which have been ^ j 

eordedlom gallitorm, 
passilorm birds ■» niorpho- 

sphere are nonspecific and tl at a p 
iSgical study of these forms 
consider their 'd'nn‘| 

7jaiu{a (Rudolphi, 1819) /Ctidolphi, 

sail, 1920. Dispharynx pri- 

1819) Stiles a".* (Molin. 

otity over Dispharynx sprrala t 

1858) ouucular cor- 

Description. Four wavy 
dons on anterior end, .Lmiiv of 

of lips, recurrent, the “J^^Ld- 

the cordons turning forwar 
ing anteriorly a "bore d.st,n« (■'jg 
34.9A). Postcervical PapiHae ™ 
cuspid, situated bets.een 
branches of the '“bons. Bony 
tolled in a spiral (Fig. 34,9B), 5 

Mala 7 to S.S mm. '“SW ““ ‘ 
wide. Five pairs »' i^llpicule 
preanal papillae (Fjg. 5“^' ‘^,hort 
400;* long, slender ana cui 
spicule 150,* long. , *,v 360 to 

Female 9 to 10.2 ram. '»"S W uR 
565,* wide. Small mucro on P 


Vulva in posterior portion of body. Eggs 

embryonated ‘■^““tuntered in 

SS^rShas^lonndJ-^^^^^^ 

‘■““moMI oLd the incidence of this 
Yeitter (1934) ^ partridge in 

T'cmatTaTe! region to be 31.6 per cent, 

traT?l9"3r4-V''pma^:nr.eS 

itirruS^=|-xs 

senbeu were demons 

lermediate hous 1 P^^ 

by Cram <193 lb). studies, using 

peatedly confcmed c Within 4 days 
pigeons as detinii embryonated 

K the “S””" °‘,h^Uaelve es- 
eSP by t'drHLs an^are tonnd among 
caped from . j ctus- 

.hr.is.ue. ^ bodj. avuy 
tacean. The la™ F oximately 

rda;r;fh“fbl"-hed?he third or 
‘"fSr'dSiveJraU^come^in^l^ 
I;' rnuas o CbnSS s’lith the food 

infected pdlbugs or | (1931b) the 

or waier. According to CramJ^lb 

female worms e ^ 

and are deposuing 5g ,,o,, 

gestion by a susc p ^„„„gwotms are usu- 

Palhology. These r 

ally seen wnh ‘be* b . aj „icers 

into Ure T^' S™ roven.rieuli oi 

a,o often observed rn^hep 

infected bir^s. I o„„mcnlu! be- 

uom. the wait o . . V ^ and macer- 

^^es J are indistinguishable, 

aied. ussue layers com- 

^lircoSrhe'n'ead. Ure prohler- 

“‘^Sr(S25)be,i^^«'^jrS 

!SrourDils:”ln no.dteas.ern United 



980 


£V£RfTT f. W£HR 


Stales. IIca >7 infections of Uiis {sarasite 
resulted in tlie death of many carrier pi* 
gconi of die Signal Corps of the United 
Stales Army, Fort Sara Houston, Texas, a 
number of years ago, according to Cram 
(192S). Scscral svild pigeons (rapped at 
the lialboa Zoological Park. San Diego, 
California, and examined by the writer 
were found to be heavily infected with 
(his parasite. 

SeuTocymea colini 

SfUTOcyrnea colini is of common oc- 
ciirrencc m the bobwhitc quail of the 


souUieastern states and has occasionally 
been collected from this same host and 
closely related birds in some of the north- 
eastern states. It has also been reported 
from tlte turkey in Georgia, the prairie 
chicken in Wisconsin, and die sharp-tailed 
grouse in Wisconsin and Montana. 

Tlic preferred location of this nema- 
tode is in the wall of the proventriculus at 
its junction svith the gizzard. The slender, 
yellowish-white worms are similar in ap 
pearaiice to Cheilospirura hamulosa, bu( 
are smaller and lack die so-called cordons 
or cudcular ornamentations on the an- 



lAiwr riQne, 1B?7J (O Mol* ia,|. {Afjtr Crom, 1928.) 
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lerior part o£ the body. The head stnic- same capacity under natural conditions, 
tures are quite complicated, and the tail There has been little or no pathological 
of the male has winglike expansions or change observed in connection with in- 
alae (Fig. 54.10 A. B, C, D, and E). fections of this parasite. 

The life history of this nematode is in- 
direct, requiring the cockroach, Binte/ia Spiniridaa 

germanica, as a temporary host. Since this The spirurids arc characterized by hav- 
intermediate host has been incriminated ing well-developed pseudolabia, cephalic 
in an experimental role only, it is not papillae usually posterior to pseudolabia, 
kno^vn whether it actually serves in this and interlabia present or absent. The only 


C 



FtC. 34.10— S«uro<Yrn«a colinl. tA) K«od, obliqu» laUrol vi«w. (B) vaniral vivw. (O 

Toil cf ihird-stoB* lorvo. tOI Mol* foit. <£l Hood. Cn foe* vitw, ttmidiagrammoiic. 
lAiff Croifv t»27J 
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member of this family found in poultry 
of Uiis country have interlabia, and the 
sexes are distinctly dimorphic. 

TetrameTcs arTtericana Cram, 1927 
Description Mouth surrounded with 3 
small lips; buccal cavity present. 

Male 5 to 5.5 mm. long by 116 to 133/« 
wide. Two double rows of posteriorly di- 
rected spines extend throughout whole 
body length, in die submedian lines. Cerv- 
ical papillae present. Tail long and 
slender. Two unequal spicules, lOO^i and 
290 to 312fi long, respectively. 

Female Is to “l-S ram. long by 3 mm. 
wide. Body globular, blood red in color, 
widi 4 longitudinal furrows (Fig. 34.11). 
Uteri and ovaries very long, their numer- 
ous coils filling the body cavity. 

The female of diis species occurs in the 
glandular stomach of chickens and bob- 
white quail (Fig. 34.12). At ncaopsy, 
these bright red worms are often observed 
through the wall of the unopened pro- 
vcntricuius, The male of this species is 
very small, almost microscopic in site, and 
resembles other nematodes in shape. It is 
very seldom observed elsewhere than on 
the surface of die mucosa of the proven- 
triculus. ffowever. the males of some of 
the species of Telrarncrej occurring in 
wild birds have been found on several 



rtG. 34.11 —T«tram«r*s amvtUona. Enlarged 
drawing af Original. 


occasions together with the females in the 
same glands. From all indications, it 
seemed that the two sexes, in the cases 
dted, were permanent residents of the 
glands in which they were found. When 
the male of T. americana enters the glands 
of the proventriculus, it apparently does 
so only long enough to mate svith the 
female. 

Cram (1931a) found this parasite to be 
common in quail which had been raised 
in captivity and in close proximity to 
poultry in Virginia. Stoddard (1931) re- 
ported T. americana as being found oc- 
casionally in quail captured in its natural 
habitat in the southeastern part of the 
United States. 

Swales (1933) described T. crami from 
die proventriculus of a domestic duck in 
Canada. He stated that this species, of 
vvhich the female only is known, differs 
from T. americana chiefly in the shorter 
muscular esophagus and the relative posi- 
tions of the anus and vulva. 

Another species of Telrameres, T. /i^ 
sispina, a species closely related to T. 
americaria, has been reported from wild 
and domestic ducks and chickens in 
Europe. Sugimoto and Nishiyama (1937) 
slated that this roundworm was fairly 
common in chickens in Formosa. 

Life history. Cram (1931b) discovered 
that T. americana required an intermedi- 
ate host for its complete development. 
She fed embryonated eggs of this worm to 
two species of grasshoppers, Melanoplui 
femurrubrum and Af. difjerenlialis, and 
a species of cockroach, Dlatella germanica, 
and recovered infective larvae from the 
body cavities of these insects in about 42 
days after the ingestion of the eggs. When 
the grasshopper or cockroach is swallowed 
by a suitable bird host and digested in its 
siomacli, the larvae escape; they remain 
in the proventriculus and develop into 
adults within a few days. The complete 
life cycle of T. pssispina involves such in- 
tetmt^late hosts as iJie amphijxid, Gnrn- 
marus pulex; the cladoccran, Daphnia 
pulex. and several species of grasshoppers. 
OKkroacbes, and earthworms. 
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FIG. 34.12 — Tfttrdnierat Bmer> 
ieana. Pfoventriculut showlna 
(ema)» worm* in gionda. (An 
ter Crom, 1930.) 


Pathology. According to Sugimoto and 
Nishiyama (1937), infected chickens be- 
come emaciated and anemic as a result of 
heavy infections. Cram (I93la) reported 
that T. nmericana has not been obscn'eil 
to produce any damage in quail. Barber 
(191G) stated that this proscniricular worm 
was Uic cause of a serious cat.irrhal condi- 
tion in chickens in Guam. In liis report, he 
mentioned that the walJs of the proventri- 
cuius ucrc so thickened that the lumen was 
almost entirely obliterated; as many as *17 
worms were found embedded in tlie wall. 
CrZIARD 

Gt/zanl nematodes belong to two faini 
lies, namely, Acuariid.ie and Tricho- 
strongyIid.-\e. 

Acuoriidoo 

For family diagnosis, see page 979. 
C/iei/ojpm:ra hatnuiont (Oiesing. IS5I) 

Synonyms. SpiTOptera hamxiloia Diesing. 
J85J. 

Description. Two large, triangular, bt- 
eral lips. The -I cuticular cordons double, 
irregularly wavy, and extending almost fo 


posterior extremity; not anastomosing or 
recurring anteriorly (Fig. 34, ISA). 

Male 9 mm. to I.9 cm. long. Spicules 
very unequal and dissimilar, tlie left long 
and slender, the right short and curved. 
Tail tightly coiled; 2 very wide caudal 
alae present. Ten pain of caudal papillae 
(Fig. 34.13B). 

Female 1.6 lo 2.5 cm. long. Vulva 
slightly posterior to middle of body. Tail 
point^. £ggs embryonated when de- 
posited. 

This roundworm occurs commonly un- 
derneath Uie fiorny lining of the girzard 
near the openings of Ute proventriculus 
and intestine in diickcns and has oc- 
casionally been reported from die same 
locations in turkeys. It is widely dis- 
tributed in the United Sutes. 

Life biitory. investigatioru have shown 
that grasslioppets. beetles, weevils, and 
sandhoppm sene as intermediate hosu 
of C. hamulosa under natural as srell as 
experimental conditions. Cltickens and 
other susceptible avian hosts become irs- 
feaed with the adults of this roundworm 
by ingesting grasshoppers, beetles, weevili. 
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fl9' - Chiilotpirura homuloia. (A) H«a<l 
(After Oro»che, 1884.) (Bj Mole toil. (After 
Cram, 1931.) 


Ttichoslrongylldoa 

.Members of this family arc charaacr- 
i/cd by having reduced or rudimentary 
mouth catity, corona radiata absent, and 
usually a s«cli-dcsclopcd bursa, 

.imiilotlomuTTt ameris (Zeder, 1800} 

Syoonyou. Strongylus anseris Zeder, 
ISOO in part; Amidostomum noduhsum 
(Kudolphi. IS05) Seurat, 19IS. 

Dcsciipilou. Worms slender and reddish. 
The short wide buccal capsule has S 
|>omtcd teeth at its base (Fig. Sf.HA). 

Male 10 to 17 mm. long by 250 to 350^ 
wide. Bursa svith 2 large lateral lobes and 
a small median lobe (Fig, 31.MC). Dorsal 
ray short, bifuroting posteriorly and the 
bifurcations forked and terminating in - 
lips. Spicules 200,4 long, slender, and cleit 
near tlicir middle. Gubemaculum slender 
and 93,4 long. 

Female 12 to 21 mm. long, 300 to 
wide at vulva, thinning toward both a- 
(rcmiiics. Vulva transverse, in posterior 
part of the body (Fig. 31. HB). Eggs thin- 
shelled. 


and sandhoppers which axe infected with 
larvae of this worm. 

The infective or tltird stage larva may 
be recognized easily by Uie 2 prominent 
liphke structures at the anterior end of 
the body, the dorsal curvature of die 
posterior portion of the body, and the 
presence of four digitifonn processes at 
the tip of the tail. 

Pathology. When present in small num- 
bers, these worms cause no evident ellea 
on the health of the birds. In such infec- 
tions, the lining of the giizard may show 
small local lesions which may also involve 
the muscular tissue. Soft nodules enclosing 
parasites may be found in the muscular 



FIG. 34.1 4 — Amidostomum ontorls. (A) 
end. (After Roilllei, 1893.) IB) Volvo o"®.*'!'. 
of female. (After Relnhordt, 1922.) (C) Moi* 
•oil. (After Rollllel, 1893.) 
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This •wotin occurs very commonly un- 
derneath the horny lining of the gizzard 
of wild ducks and geese. In the United 
States it has been reported from domestic 
geese in the states of New York, Delaware, 
Pennsylvania, and Washington. No doubt 
this parasite has a much wider distri- 
bution in this country than the present 
records indicate. 

Life history. Eggs pass out in the drop- 
pings of infected birds in a partly de- 
veloped stage, active embryos developing 
within a few hours and hatching taking 
place within a few days. Susceptible bird 
hosts become infected by swallowing with 
their food or drinking water these in- 
fective larvae. Adult worms are recovered 
within approximately 40 days after the 
feeding of infective larvae. 

Pathology. In the United States, Cram 
(1926a) reported an outbreak of aniido- 
stomiasis in a flock of geese in New York 
in which a Urge number of deaths oc- 
curred. Heavy losses among geese in 
Europe have been attributed to this nema- 
tode. Young birds show symptoms of loss 
of appetite/ dullness, and emaciation. At 
necropsy, the lining of the gizzard of a 
heavily parasitized bird appears necrotic, 
loosened, often sloughed in places, and is 
dark brown or black in color in areas ad- 
jacent to the site of the worms. 

Bunyca and Creech (1926) found a very 
noticeable leukocytic invasion of the 
mucosa propria, with eosinophilic celb 
strikingly predominant. 

INTESTINAL TRACT 
Ascarididae 

The members of this family are charac- 
terized by having 3 prominent lips, valvu- 
lated bulb absent, and pieanal sucker 
sometimes present. 

Ascandia galli (Schrank, 1788) 

Synonyms. Ascans galli Schrank, 1788; 
Heterakis lineata Schneider, 1866; Heter- 
akis :n/Iexa (Zeder, 1800) Schneider, 
1866. 

Description. Worms large, thick, yellow- 



FIG. 34.15 — Roundworms (Ascaridia gatli) from 
smalt intestme of o chicken. Li, E. Acker/.) 


ish-wbite (Fig. 34.15). Head with 3 large 
lips. 

ilffl/e 5 to 7.6 cm. long by 490;i to I.ZI 
mm. wide. Preanal sucker oval or circular, 
svith strong chitinous wall with a papilli- 
form interruption on its posterior rim. 
Tail with narrow caudal alae or mem- 
branes, and 10 pairs of papillae. Spicules 
equal and narrow. 

Female 6 to 11.6 cm. long by 900^ to 1.8 
mm. wide. Vulva in anterior part of body. 
Eggs elliptical, thick-shelled, not embryo- 
nated at time of deposition (Fig. 34.16). 

This Urge roundworm is one of the most 
common nematode parasites of the chicken 
in the United States and elsewhere. It oc- 
curs occasionally in turkeys, but no seri- 
ous pathologic effects have been reported 
from its presence in that host. 

Specimens of this parasite have been 
recovered on a number of occasions from 
broken eggs. The worms had presumably 
wandered up the oviduct from the in- 
testine via the cloaca with subsequent 
inclusion in the developing egg. 

Life history. The life history is simple 
and direct. According to Itagaki (1927), 
the infective eggs which are swallowed by 
the susceptible host hatch either in the 
proventriculus or in the duodenum. Ack- 
ert (193i) observed that the young lar- 
vae, after hatching from the eggs, live 
free in the lumen of the posterior portion 
of the duodenum for the first 9 days, fol- 
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ioMiDg ^ihuh tl)c> |>cneiri(e die ciuimj 
it>d cauic hcniortlias^i. ‘I hr uociut 
!uve again criietcd tlic Itimen of the duo 
denum by ihc Mtenieentli ot eiKlittcnih 
day and temain dietc uiud mituiity. 
which 11 icadicd wiihin i|i{>to\iuuutv !r0 
da>» after (lie mention of Uir emboo 
iiaicJ cg3% TiJgwcU and -Wen (lOW) 
icpoiied atudict wtiicli thowrd that liie 
AuatiJia lanae may enter the Kvtuo a» 
CPtly 21 the fir« d.n and irmati) llictc 
late at the tweniy-iixtb day after infceiioi) 
TIic auUiors itated, liowctcr, that the 
large majority of ttic larvae >|>cmi from 
the eighth to the tetentcenth day in ilte 
intctlinal mucota. 

Under optimum conditions of iein|>rta 
lure and moisture, the eggs m the drop 
pings will develop to inlectivity in 10 in 
\2 days: under leu favorable conditiuiu 
a longer time is necessary. The eggs ai> 
quite resistant to low icin|Ktaiutes -Vi 
cit found tliab tn the early stages of dc 
vclopmenb eggs sunned freezing at —12* 
to _8* C. for 15 hours, but not lor 22 
hours; fertile eggs kept at 0* a for 1 


inunth were unable to iraili the inlecute 
stage suhseqtitnlly, vshcieas eyt^gs front 
ssme tuliiiir. kept lomurttnlly at 
for a ij.unth. devclu|'cd n.iiuuUy w ih? 
iiifecttve stage when incubated at a h shrt 
ttin(sciatuie. k'air retoscied d» 

eo»../.4 gaf/i Uivae ftom cx|<timtt'U‘ 
buds fnl cmhiyuiulcd rggs of this v*or.a 
whnii had l<tn c»|*»*ed tuniinuonvly 
outdoor sTindiiiinis at Ikhsvil.e. Maryland, 
lor f»o wctli. .\s regards high ttiiii<ra' 
luuv 12 himtv' cvptiurc to pio»rd 

lethal (or eggs in all stages ol dcvclopmc*'*- 

I'alluilogy. Atkcii (IDID) found ihaj 
timkrns tnlntnl with a large iiumlici ® 
ascaiids suUcr (luin li^s ol blood. irduoM 
bbsoil sugar luiiiint. iiuirascil iirat^ 
shiuulcii thymus glands, retarded giu'**-^ 
and greatly tiiiirascsl mniiality. Dioopt 
new itnaciaiiisii, and diarihca arc 
tuiiiinoa clinical syinpiuins nsanifcsicJ bv 
heavily parasitized biids (k'lg. SfdzA an 
11 ) 

kaipcrinicnial evidence is asailahlc ^ 
sliow that chickens 3 nuinihi or 
inanifrvi considcrahlc icsisume to 



Chapter 34: NEMATODES AND ACANTHOCEPHAIIDS OF POULTRr 


987 



FIO. 34.} 7 — (A) ChJelten infeced wifh iarga 
roundworm* of Intetiino. (8) Chicken of *ame 
age free of roundworm*. (Ackerl and Herrick.) 

lion with Ascaridia galli. Ackcrt el at 
(1939) reported that the increased num- 
ber o£ goblet cells found in the epithelial 
lining of the duodenum of dtickcns at 3 
months or older may in some measure be 
responsible for the greater resisunce to 
this nematode developed by these birds. 
The age at which the peak of the goblet 
cell formation occurred was found to cor- 
respond very closely to the development 
of the maximum resistance of the chickens 
to the growth of the nematodes. 

Ackert and Beach (1933) showed that 
diets consisting chiefly of animal proteins 
and with little or no plant protein were 
important in aiding the chicken to build 
up resistance to infection with ascarids, 
and that diets consisting chiefly or wholly 
of vegetable proteins louvered the resistance 
to ascarid invasion. Alicata (1938), like- 
wise, observed that birds given a diet con- 
sisting principally of animal protein con- 


centrates developed fewer worms than 
those which were given a diet low in ani- 
mal protein. Diets high in vitamins A and 
B (complex) have been shown to increase 
the fowl's resistance to Ascaridia galli, and 
diets low in these vitamins definitely favor 
parasitism. 

Experiments conducted by Ackert e( al. 
(1935), which extended over a period of 
years and involved 1,351 chickens, showed 
that the heavier breeds such as the Rhode 
Island Reds and White and Barred Ply- 
mouth Rocks were more resistant to 
ascarid infections than the lighter White 
Leghorns and White Minorcas. 

Large roundworms, similar in site and 
appearance to Ascaridia galli, occur in the 
small intestines of pigeons, guinea fowls, 
wild turkeys, and other game farm species. 
Ascaridia numtdae of the guinea fowl, and 
Ascaridia columbae of the pigeon are 
shorter and somewhat thicker than A. galli 
of (he chicken. The guinea fowl ascarid is 
tlie smallest of the three species. AscaHdia 
dissimilis has been found commonly both 
in the domestic and wild turkey of this 
country and has been reported by Vigueras 
(1931) from the domestic turkey in Cuba. 
This ascarid is very similar in appearance 
to A. gain, but is somewhat smaller. Shil- 
linger (1942) reported dscaridia compar as 
a parasite of the small intestine of the bob- 
white quail in the United States. 

The life history of all the above ascarids 
is probably similar to that of Ascaridia 
gain. Although the life histories of As- 
caridia columbae and A. dissimiUs have 
been shown by the writer to be direct, a 
detailed account of the hatching of the 
eggs, the period the larvae spend in the 
mucosa of the intestine, such as has been 
recorded for dscaridta galli by Ackert, 
has not been worked out for these ascarids. 
The life history of Ascaridia numidae has 
not been experimentally demonstrated. 

Birds heavily infected with either As- 
caridia disitmih's, A. columbae, or A. 
numidae are probably affected in a some- 
what similar manner as those heavily in- 
fected with A. gain. 
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FIG. 34.1 8 - HeleroVU gal* 
linarum. (A) Mole tail. (B) 
Female tail. (After Lane, 
1917.) (C) Egg. (After Cram, 
1931.) 



Helerakidae 

Heterakts gallinarutn (Sciirank, 1788) 
Synonyms. Ascarts galUnae Gmelin, 
1790; Helerakis papiUosa Railliet, 188S. 
not Ascaris papiUosa Bloch, 1782. 

Description. Worms small, white. Head 
end bent dorsally. Mouth surrounded by 
S small, equally sized lips. Two narrow 
lateral membranes extend almost entire 
length of body. Esophagus ending in a 
well-developed bulb containing a valvular 
apparatus. 

Male 7 mm. to 1.3 cm. long. Tail 
straight, ending in a subulate point: 2 
large lateral bursal wings. Freanai sucker 
well developed, with strongly chitinized 
walls and small semicircular incision in 
posterior margin of wall of sucker. Twelve 
pairs of caudal papillae; 4 pairs distinctly 
postanal, 4 pairs of raylike papillae and 
2 pairs of sessile papillae adanal, and 
2 pairs of raylike papillae in vicinity of 
sucker (Fig. 34.18A). Spicules dissimilar, 
the long one 2 to 2.17 mm. long, the short 
one 700,1 to 1.1 mm. long. 

Female 1 to 1.5 cm. long. Tail long, 
narrow, and pointed (Fig. 34.18B). Vulva 
not prominent, slightly posterior to mid- 
dle of body. Eggs thick-shelled, ellipsoidal, 
unsegmented when deposited (Fig. 
34.18C). 

H. gallinaTum has been reported from 
the ceca of chickens, turkeys, guinea fowls. 


bobwhite quail, pheasants, and many 
other birds. 

Life history. The eggs pass out in the 
feces in an unscgmcnied state. In appto"- 
maicly 2 weeks or less, under favorable 
conditions of temperature and moisture, 
iliese eggs will have reached the infecti« 
stage. When the latter are swallowed by 
a susceptible host, the embryos hatch from 
the eggs and develop to adult worms in 
the ceca. Roberts (1937) stated that the 
eggs hatched in the upper part of the in- 
testine. and at the end of 24 hours ihe ma- 
jority of the young worms have reached 
the ceca. Aside from a short period in the 
cecal mucosa. 2 to 5 days, according to 
Uribe (1922), the entire life of the ceca 
worm is spent in the lumen of the cecum. 
At necropsy, the majority of the adult 
worms are found in the lips or blind ends 
of the ceca. Earthworms may ingest the 
eggs of the cecal worm and may be the 
means of causing an infection in poultry, 
as the latter are very fond of earthworms- 

Fathology. Riley and James (1922) ob- 
served that the ceca of experimentally in- 
fected birds showed marked inflammation 
and thickening of the walls. 

The chief economic importance of the 
CTcal worm lies in its role as a carrier o 
the blackhead organism, 
meleagridis. Graybill and Smith ("V 
demonstrated by experimental metho s 
that blackhead may be produced in sns 
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ceplible birds by feeding embryonaied 
eggs of Helerakis gallinarum taken from 
blackhead-infected birds. These authors 
were of the opinion that the cecal ttfortm 
lowered the resistance of the host to such 
a degree that the protozoan parasites al- 
ready present were able to multiply to 
disease-producing proportions. TynCT 
(1926) presented evidence which indicat^ 
that the protozoan parasite is incorporate 
in the worm egg: however, he was unable 
to demonstrate the presence of t^e prot^ 
zoan parasite within the egg. 

(1959) saw organisms which resembl^ 
Histomonas in a young larval 
gallinarum wona Gibbs (1962) identified 
the Histomonas organism m the gut tvall 
and in the reproductive system of the male 
and the female and in the developing eg^ 
ot Ihi! cecal worm. Ferr (1956) rcMvered 
Histomonas organisms from expCTiroenui 
birds fed droppings containing HeteraKts 
gallinarum and other nematode eggs that 
had been exposed continuously on soil to 
natural weather conditions from 17 to w 
weeks, inclusive. Several of tlie 
whicli had been fed this material died ol 
blackhead disease. 

Two other species of cecal worw. 
Helerakis beramporia and Helerakis wo- 
lonche, occur in the ceca of chickens and 
pheasants, respectively. So far as 
the former species does not occur m i 
of the United States. However, the latter 
species has been found in pheawnis in 
Pennsylvania and Connecticut. Both ot 
these heterakids produce nodules in their 
respective hosts. 

Subulura brumpli (Loper Ncyra, 1922) 
Sufculura brumpli has been reported by 
Alicata (I&IO) to be a common 
of chickens in the Hawaiian Islands. Cram 
(1926b) and Dikmans (1929) re^tj^ 
this pimvorm as occurring m tlie ^ 
i„ rLlo Rico. Foster (1939) “ 

Itom the fos.l in Panarao, and Ward 
(1915) listed it as a parasite of the quail 
in Mississippi (Fig. 34.19A and B). 

No evidence that the larvae peiietralcd 
the cetal ss-all of the bird host tor any 



Dart ol its development, nor that they 
Poduced any eatensive 
Sue reaction svas repotted by A icata (1940). 
Various insects, such as beetles and ear 
svigs. serve eaperimenully at intermediate 
hosts of this cecal worm. 

Another cecal worm, 
line, has been reported 
Itom the bobsshite qnail in Ohio, by Cram 
(1927) from die clticken and guinea loivl 
in Puerto Rico; by Dikmani (1929) from 
the guinea fowl and by Van Volkenberg 
(1938) from poultry in Puerto Rico. 

TrkhuridaB 

For family diagnosis, see page 974. 

Capillaria obsignala Madsen, 1915 

SumEae (Rudolplu. 1819) ol Gra)b.Il. 
1924. 

Description. Worms hairlikc. 

Male 8.4 mm. to 1.2 cm. long by 
55 m wide. Cloacal aperture almost mrmi- 
na?. with a small bursal lobe on ciihcr 
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FIGi 34.20 — Capillaria obiignala. (A) Vantrol 
vl«w, end (B1 LoKrel vitw, of n\ol« ioU. (A{> 
ter Graybill, 1924.) (C) RoQlon of vvivo. (After 
Eberth, 1863, illghlly modified.) 


side, the two lobes connected dorsilly by 
a delicate bursal membrane (Fig. 34.20A). 
Spicule sheath with transverse folds: 
spicule l.I to 1.68 mm. long. 

Female 1 to 1.8 cm. long by approxi- 
mately 80f» wide. Vulva on slight promi- 
nence, slightly posterior to union of 
esophagus and intestine (Fig. S4.20C). 
Eggs slightly brownish, lemon-shaped, 
thick-shelled. 

This liairworm occurs in the small in- 
testine of the domestic and wild pigeon, 
chicken, and turkey in the United Slates. 

Life history. Capillaria obsignata has a 
direct development. The freshly deposited 
eggs are unsegmented and require from 
6 to 8 days to develop completely formed 
embryos. The embryos do not escape from 
the eggs until after they have been swal- 


lowed by .1 susceptible host. The larvae 
enter the mucosa of the duodenum and 
.•pparcntjy complete their development 
ihcfc. A few sexually mature adults were 
temoved by the svritcr from the small in- 
tcsiiiie of a pigeon ncaopsied 19 dajt 
after die ingestion of tlic embrjonated 
eggs, ami a large number of similarly d^ 
veloped adults were removed from the 
small intestine of a pigeon nccropsied 26 
days after infection. Fecal examination of 
die latter pigeon at the time of nccrops) 
showed the presence of eggs. 

Ii has been experimentally demonsuated 
that pigeons, when once infected with 
Capillaria obsignata and held under »n- 
ditions designed to preclude reinfection, 
Will tenuin infected for about 9 inoniht 

Capillana obsignata has been reported 
from tlic small inicslines of diickcns and 
(iirkcys raiscti under natural conditions- 
Oraybil) (1921) staled that as a result ol 
many necropsies of chickens and turkeys, 
this roundworm was neser obsened in 
these biids in large number*. Wehr (1939) 
was successful in obtaining natural in- 
fections in chickens and lutkejs, but no 
hcav 7 infections were encountered in iw 
latter. 

Pailiology. Birds heavily infected w’ttn 
Capillaria oi>signa(a spend muclt of dior 
time apart from the rest of the flock, hud- 
dled on the ground, underneath the roosts, 
or in some corner of Uie room. Sudi birds 
show definite symptoms of emaciation an 
diarrhea. The fcallicrs around the 'cnt 
frequently appear rulfled and soiled, an 
the skin and visible mucous membranes 
are more or less pale. Death is often the 
result of hcav 7 infections. Levine (195S) 
reported that the first clinical sympto®’ 
of infection in chickens appeared on i * 
twelfth day after experimental inocu a 
lion of embryonated eggs. At this tiiu^ 
the feces contained much pinkish materia 
composed of mucus, necrosed cpidiew 
cells, and numerous erythrocytes, 
cyies, and lymphocytes. From die twelW 
to the sixteenth days the feces of tlie biros 
were watery and contained large quanti- 
ties of epithelium and inflammatory 
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date which was being eliminated from 
the intestinal tract. Following this period, 
most of the infected birds regained their 
normal ajipearance, and the feces became 
normal. However, many of the birds lost 
weight steadily, became extremely emaci- 
ated, and either died or were destroyed 
because of a weakened condition. In fatal 
and in advanced cases of infection, the 
intestines showed extensive destruction of 
the mucosa, often with complete sloughing 
of the mucous membrane. The intestines 
usually contain a large quantity of fluid. 
In nonfatal experimental cases the in- 
testinal wall was thickened considerably 
owing to the edematous infiltration. 

Another threadworm, Capillaria caudin- 
jlata, has been occasionally found in 
chickens, turkeys, and pheasants in the 
United States. This species of capiUarid 
worm may be diSerentUted easily from 
other species of the same genus found in 
poultry of this country by the presence on 
the male tail of two large lateral trans- 
parent membranes just anterior to the 
cloacal aperture, and on the female of a 
membranous tubular or trumpet-shaped 
projection in the region of the vulva. 

Allen and Wehr (1942) experimentally 
infected turkeys with Capillaria caud- 
inflata by feeding to them earthworms of 
the species Allolobophora caliginosa which 
were removed from poultry yards in which 
were confined turke)s known to harbor 
this threadworm. Morehouse (1944) 
demonstrated that the above earthworm 
was an essential intermediate host for the 
successful transmission of Capillaria caud- 
inflata from turkey to turkey. Attempts by 
Wehr to transmit this threadworm by using 
species of the earthworm, fijcni'a fociida 
and Lumbricus (errestris, w'cre unsuccessful. 
IVehr and Allen (19-15) introduced directly 
into die alimentary tracts of several earth- 
worms, Eisenia foetida, erabrjonated eggs 
of Capillaria caudinflata, and later adults 
of tljis worm were recovered at necropsy 
from iurkc>s to wliidi these carihwonm 
had been fed. 

Barilc (1912) found these worms in tur- 
kc)S showing hemorrhagic, croupous en- 


teyitis but was unable to state positively 
A® worms were responsible for 
this pathological condition. Baker (1930), 
in connection with frequent findings of 
this worm in the province of Quebec, 
Canada, noted that the worms were as- 
with ulcerous patches varying in 
siif from pin-point areas to greatly ex- 
teiided and hardened areas. An infected 
chicken observed by Graham et al. (1929) 
in lliinots showed weakness, anemia, and 
emaciation before death. At necropsy, the 
intestine just anterior to the ceca was 
mat^kedly dilated, with a follicular diph- 
theritic enteritis present. 

Tri^hostrongylidae 

■for “tamfiy firagnosis, see page yhk. 

OfTiithojlrongylus quadriradialus (Steven- 
son, 1904) 

Synonym. Slrongylus quadriradialus 
Sievenscn, 1904. 

PesariptioD. Worms delicate, slender, 
ted when freshly collected, apparently 
front ingested blood in intestine. Cuticle 
ab<>ti( head inflated to form vesicular en- 
largenient (Fig. S4.21A). 

pfale 9 mm. to 1.2 cm. long. Bursa bi- 
lobcd. with no distinct dorsal lobe. Dorsal 
ray much shorter than otlicr rays, not 
extending halfway to bursal margin, bi- 
(iircating near its tip to form 2 short tips, 
and a stumpy process present on each side 
ne;tt base of ray. Spicules equal, 150 to 
long, somewhat curved, each termi- 
nating in S pointed processes (Fig. 34.21 
Cj. Telamon 57 to 70/* long, with 2 longi- 
rudinal processes extending backward and 
forward along dorsal wall of cloaca, and 
2 lateral processes lorming a partial ring 
through which the spicules protrude. 

female 1.8 to 2.4 an. Jong. Vulva near 
end of tail. Vagina short, followed by 2 
posverfuJ muscular ovejectors. Tail tapers 
to a narrow, blunt end, bearing a short 
spine. Eggs segmenting when deposited. 

•fliis bloodsucking nematode occurs in 
the small intestine of pigeons and mourn- 
ing doves in the United States, 
yife history. The oval, thin-shelled eggs 



992 


£V£RETT £. WEHR 



FIG 34.2T — OrnitKottrcngylui quadriradioivt. (A) Anterior end. (B) Covdal burta of 
male. (After Steventon, 1904.) 


are voided m the dropping* and hatch in 
approximately 19 to 24 hours under 
favorable conditions of moisture and 
temperature. After escaping from the egg, 
the young larva molts twice within the 
next 3 or 4 days. It has now reached the 
infective stage. When the infective larva 
is swallowed by a pigeon or other suscep- 
tible host, it grows to maturity in the 
small intestine. The female worm begins 
to deposit eggs in 5 or 6 days following 
ingestion of the larva. 

Pathology. Stevenson (1904) observed 
that this parasite was the cause of many 
deaths among a flock of fancy pigeons in 
Washington, D.C. Le Roux (1926, 1930) 
mentioned this roundworm as having 
caused serious losses in a flock of valuable 
imported pigeons. Vigueras (1929) re- 
ported similar losses among pigeons in 
Cuba, and Kamarov and Beaudette (1931) 
attributed large numbers of deaths among 
squabs as having been due to this blood- 
sucking parasite. These investigators are 
agreed that deaths among the birds were 
attributable principally to a catarrhal en- 
teritis and a loss of blood due to hemor- 
rhage. 


Birds heavily infected wiili OmiVio- 
stTongylus quaduTadiatus behave mucli 
the same as birds heavily parasitired with 
other bloodsucking parasites. They b^ 
come droopy, remain squatted on the 
ground or floor, and if disturbed, they try 
to move but usually tip forward on the 
breast and head. Food is eaten sparingly 
and is frequently regurgitated, along with 
bile-stained fluid. There is a pronounced 
greenish diarrhea, and the bird gradually 
wastes away. Symptoms of difficult and 
rapid breathing usually precede death. 
The intestines of fatally infected birds are 
markedly hemorrhagic and have a green- 
ish mucoid content, with masses of 
sloughed epithelium (Fig. 34.22). 

Trichoslrongybts lenuis (Mehlis, 1846) 

Synonyms. Strongyfuj tenuis Mehlis, 
1846 (in Creplin, 1846); Strongylus pcT- 
gracilis Cobbold, 1873; Trichostrongylus 
f>crgraci7u (Cobbold, 1873) Railliet and 
Henry, 1909. 

Description. Worms small and slender. 
Body gradually attenuated in front of 
genital opening. Mouth surrounded by 3 
small, inconspicuous lips. Cuticle of an- 
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FIG. 34.22 — Section of duodenum of pigeon during loier stage of Infee* 
tion with Ornithostrongylus quadriradiotu*, showing) (o) Sloughing of 
mucotat <b} Neerolie oreot; end (<) lymphocytie inPlirotion. XtSO. (After 
Cuvilller, 1937.) 

terlor end o! body lacking conspicuous Female 6.5 mm. to 1.1 cm. long by 77 
striatlons for a distance of about 200 to to 100^ wide at level of vulva. Vulva in 

250>s from extremity, then with distinct posterior part of body, ^vith aenulated 

serrated appearance for a distance of about edges. Uteri divergent. Eggs thin shelled. 

1 to 2 moL more. Ji ivas concluded by Cram and Webr 

Male 5.5 to 9 zom. long by 4Sft wide (193-1). as the result of a critical study of 

near center ol body. Cuticle inflated on a large number of specimens of the genus 

tentralsurface just anterior to bum. Bursa Tric/taslrairgylus collected from tlie ceca 
with one dorsal and two lateral lobes, tlie of both American and European domestic 

dorsal one not distinctly marked off from and wild game birds, that the material 

the lateral. Each lateral lobe supported thus examined represented only one spe- 

by 6 ra>s (Fig. S*1.23A). The dorsal ray cics instead of two, as previously suspected, 

bifid at its distal tliird, and each of these Allhoagh Trichostrongylus pergracilis had 

divisions again bifid and very finely been described from the ceca of many 

iwfnted (Fig. 3-1.23B). Spievdes dark birds, the differences between the de- 

brown in color, slightly unequal in length, scripiion of this species and that of T. 

the longest 120 to Ifliji long, the shortest tenuir were inconsequential and not of 

101 to 150^* long; both much twisted. spcdfic value. As a result of the above 

especially at distal ends, and provided study, therefore, the authors concluded 

with an earlike structure on proximal end chat T. pergraci/tr and T. tenuis were 

(Fig. 31.2SC). BoUi spicules apparently identical morphologically, and since the 

surrounded in distal two-thirds by a thin specific name tenuis had priority over 

membrane extending for a sliort distance pergraci/is, the former name was accepted 

bejond distal ends, Gubcmaculum strong- as the valid name. 

ly cuticularired along margins, spindle- In tlie United States, T. tenuis has been 
shaped in ventral and dorsal views (Fig. collected from the pheasant, Phasianus 

3t.23D and E). colekicus; die blue goose, Chen eaerules- 
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FIG. 34,23 — Trichosircnsylut tenuU. (A{i«r Crom 
and Wehr, 1934.) (A) Bgrto, loierol view, 
semldlaerammatic. (S) Dortal and exiernodar* 
$al rays of bursa, showing voriolion which 
may occur In length of loiter. (C) Right ond 
left spicule, ventral view. (0) Cubemocvlum, 
lateral view. (E) Gubernaculum, dorsol view. 
A and B from European partridge, C to E from 
red grouse. Scale refers to camera lucldo 
drowings, B to E, inclusive. 

cens; the Canadian goose, Branta canaden- 
sis; the domestic goose, Anser anser do- 
mesticus; the guinea fowl, Numida melea- 
gris; the chicken, Gallus domesf«n«; the 
turkey, Meieagrts gallopavo; and the bob- 
white quail, Coh’nuj virginiantts The red 
grouse, Lagapus scalicus, and the Euro- 
pean partridge, Perdix perdix, are the only 
two hosts from which T. tenuis has been 
collected in Europe. According to Cram 
(1931a), this trichostrongyle occurs widely 
among the quail of the southeastern 
United States. 

Life history. This worm has a direct life 
history. The eggs hatch within 36 to 48 
hours after they have been passed in the 
droppings of the infected bird. The larvae 
become infective within approximately 2 


weeks follotving expulsion of the eggs in 
the droppings. Within this time the larvae 
have molted twice. When the latter are 
picked up by a susceptible host, the infec- 
tive larva molts twice more tvithin the 
ccca of the bird before finally becoming 
an adult. 

Trichostrongylus tenuis from pheasants 
has been successfully transmitted to the 
domestic turkey, guinea fowl, and chicken. 

Pathology. T. tenuis produces definite 
clinical symptoms when present in larp 
numbers. The changes in the ceca consist 
of a thickening and a reddening of the 
wails, and small hemorrhages are some- 
times present. Loss of sveight, anemia, and 
chronic toxemia have been reported as 
symptoms resulting from heavy infections 

Slrongyloididoe 

Members of this family are characten 
lied by having an alternation of ^nep 
aiions, the free-living generation consisting 
of males and females while tlte parasitic 
generation consists of hermaphroditic fe- 
males only. 

Strongyloides avium Cram. 1929 

Description. Parasitic generation, con- 
sisting of parihenogeneiic females only, 
in iniesUne of avian host, and free-living 
generation, consisting of both males and 
females, in soil. 

Parasitic adult. 2.2 mm. long by 40 to 
45j» wide. Vulva with projecting lips, I(> 
cated 1.4 mm. from head end. Uteri di- 
vergent from vulva; ovaries recurrent m 
simple “hair-pin bends,” their course not 
sinuous. Eggs with very thin shells, seg- 
menting when deposited. 

Cram (1929) reported the occurrence 
of this extremely small roundworm from 
the ceca of chickens in Louisiana. Later 
(1936b), this same author reported this 
species from the ceca and small intestines 
of chickens in Puerto Rico. The junta 
]unco hyemalis hyemalis, in Virginia, an 
the coot, Fulica americana, in North Caro- 
lina have been found to harbor natural 
infections of this parasite. 

Life history. The eggs hatch soon after 
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being passed in the droppings, sometimes 
as soon as 18 hours. The young worms de- 
velop in the soil to adult males and fe- 
males. Shortly thereafter the females give 
rise to young, which feed, molt, and de- 
velop into other adult free-living males 
and females, or they may transform into 
another type of larvae known as the in- 
fective larvae. When these infective larvae 
are swallowed by a susceptible host, in- 
fection results. Unlike most species of 
nematodes, the parasitic cycle of Strongy- 
loides avium consists of females only, no 
parasitic males having been found. 

Pathology. During the early or acute 
stage of the infection the walls of the 
ceca are greatly thickened; typical pasty 
cecal contents almost disappear, the dis- 
charge being thin and bloody. If the fowl 
survives this acute stage, the ceca gradu- 
ally become functional again, and the 
thickening of the walls decreases. Young 
birds suSer most from infections with 
this worm. If the infection is light or if 
the birds are adults, little, if any. clinical 
effect has been noted. 

CONTROL OF POULTRY NEMATODES 

Prevention. Preventive measures for the 
control of poultry roundworms liave been 
developed along the lines of sanitation, 
hygiene, and management, and it is along 
these lines that the greatest progress has 
been made. 

The proper selection of a permanent 
site for the poultry runs is one of the first 
essentials to the maintenance of health 
among the birds. The land should he 
sloping and oi a sandy or gravelly nature 
to provide for proper drainage. If the soil 
is heavy, or the lay of the land is such as 
to render natural drainage impossible, 
artificial drainage should be provided. The 
nonparasitic stages of helminth parasites 
require moisture for their proper develop- 
ment. Therefore, the presence of surface 
water, which birds are apt to drink, must 
be regarded as unhealthful, and provisions 
should be made to eliminate it as soon as 
possible. Damp places and water holes ^ 
ideal breeding places for many of the in- 


termediate hosts of poultry nematodes. 

The practice of rotating the birds from 
one area of land to another in order to 
reduce parasitism among the birds has 
been followed with reasonably good suc- 
cess in some sections of the country. The 
four-yard system is the one most widely 
advocated and probably the one best 
suited for general use. A given area of 
land — the amount depending upon the 
number of birds raised — is CToss-fenced 
so tliac it is divided into four equal lots. 
The shelter or house is placed in the cen- 
ter of the plot and so constructed that a 
door opens into each pen. The birds are 
rotated from one pen to another, keeping 
them in each pen not longer than 2 or 3 
months. After rentaring the birds from 
one of the pens, the ground in that pen 
may be prepared for planting to some 
green crop or left undisturbed to undergo 
self-steriliration by exposing the infected 
droppings to the direct action of the sun, 
wind, and cold. The planting of the yards 
to a permanent or temporary crop serves 
a twofold purpose: (1) It furnishes 
abundant green food for the growing 
birds, and (2) there is some evidence to 
indicate that birds are less likely to pick 
up contaminated soil when plenty of 
green food is available, thus reducing 
parasitism in ihe birds. The house and ad- 
jacent grounds should be cleaned as often 
as is deemed necessary to maintain good 
saniution. The practice of removing the 
sod about the house to a depth of 6 to 8 
inches and replacing it with sand or coarse 
ashes has sometimes been followed. Dur- 
ing the summer months, birds spend a 
great deal of their time in the shade of 
the house, and it is necessary that extra 
precautions be taken to improve the sani- 
tary conditions around the house. 

The frequent removal of the droppings 
and the proper disposal of them cannot 
be recommended too highly. (See discus- 
sion of manure disposal under control of 
cestodes, p. 1030.) 

The raising of the different species of 
birds together or in close proximity to 
each other is a dangerous procedure as re- 
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gards parasitism. Ransom (1921) showed 
by careful investigations that adult tur- 
keys served as carriers of gapeworms in 
transmitting gapeworm disease to little 
chicks and that the older chickens were 
almost entirely insusceptible to infection 
svith the above worms. Adult turkeys car- 
rying natural infections of gapeworms 
apparently suffer only slightly, while 
young chicks and turkey poults suffer very 
severely from infections with gapeworms. 

It is also dangerous for turkeys to as- 
sociate with chickens. Tyzzer (1928) es- 
tablished the fact that blackhead occurs 
in young and old cliickens, the latter 
usually recovering from the disease with- 
out suffering a great deal. However, this 
same investigator also demonstrated that 
the recovered chickens remained carriers 
of the blackhead organism for an indefi- 
nite peiiod, and that turkeys contract 
blackhead by exposure to infected poultry 
or runs occupied by the latter. 

It follows from the work of Ransom, 
Tyzzer, and others that anyone wishing 
to raise poultry would do well to decide 
in the beginning to raise turkeys or to 
raise chickens but not to raise both on the 
same land or in close proximity to each 
ocher. Should a person desire to raise both 
chickens and turkeys, he should keep the 
two kinds of birds on ranges well separated 
from one another 

It is dangerous too for turkeys and 
chickens to associate with guinea fowls. 
Wehr (1939b) showed experimentally 
chat the guinea fowl is susceptible to in- 
fection with the poultry gapeworm, 
Syngamus trachea, at any age and that this 
bird may carry the parasites for as long as 
98 days. 

Treatment. Satisfactory remedial agents 
have been discovered for the removal of 
the poultry gapeworm, Syngamus trachea, 
the large intestinal roundworm of the 
chicken, ./4scar»£iia galli, and the cecal 
worm, Heterakis gallinarum, but equally 
effective drugs for the removal of the other 
poultry nematodes are lacking. 

Wehr et of. (1939) found that the com- 
pound. barium antimonyl tartrate, suc- 


cessfully removed a very high percentage 
o£ gapeworms from chicks, turkey poults, 
and adult turkeys when administered as 
an inhalant. 

For treatment the birds are placed in 
a suitable container, such as a tight box. 
The drug is introduced into the box as a 
very fine powder by means of a dust gun. 
Because of its fluffiness, the powder re- 
mains suspended in the air for a long 
time. As the dust-laden air is breathed 
m by the infected birds, the fine particles 
of barium antimonyl tartrate apparently 
adhere to the moist surfaces of the worms 
and act as a contact poison. 

The size of the dose of the powder to 
be administered is determined by the 
cubic capacity of the treatment box. One 
ounce of barium antimonyl tartrate has 
been found to be sufficient for a box hav- 
ing a capacity of 8 cubic feet. Approxi- 
mately one-third of the powder is intro- 
duced into the treatment box at the first 
operation. If the box is of a convenient 
size to lift, it is tilted slowly from side to 
side several limes. Tilting the box causes 
ihe birds to flap their wings, thus aiding 
in redispersing any powder that may have 
settled on the feathers of the birds or on 
the floor of the box. Tilling also causes 
the birds to breathe deeper and more fre- 
quently. Deep breathing is necessary to 
bring the powder in contact with the 
worms that may be found in the lower 
part of the trachea. In the case of mature 
birds, when the treatment box is likely to 
be too large and heavy to tilt by hand, a 
small electric fan may be placed on the 
floor of the box to keep the powder agi- 
tated during the process of treatment. 
After about 5 minutes, one-half of the re- 
maining powder is blown into the box 
and the tilting or the use of the fan is 
repeated. The remaining one-third of the 
powder is introduced into the treatment 
box about 15 minutes following the in- 
troduction of the first one-third, and the 
box is again tilted or the fan used. The 
birds are released 5 to 10 minutes after 
the last of the powder has been blown 
into the box. 
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Reaal injections o! a mixture of oil of 
chenopodium and of olive oil or cotton- 
seed oil, given with a hard rubber syringe, 
in doses of 0.1 cc in 5 cc of the oil in 
case of birds weighing 1.5 pounds and 
double this amount of chenopodium and 
oil for adult birds weighing 3 pounds or 
over, have been found by Hall and Shil- 
linger (1923b) to be approximately 90 
per cent elTicacious for the removal of the 
cecal worm of chickens and turkeys. 
McCulloch and Nicholson (1940) re- 
ported that phenothiazine, when given 
either in repeated or single doses, was very 
effective for the removal of the cecal worm 
from chickens. Doses ranging between .05 
and 0.5 grams were found to be the most 
satisfactory individual doses. These au- 
thors found repeated doses and the ad- 
ministration of the drug in individual 
capsules to be slightly more satisfactory, 
although they indicated that flock medi- 
cation appeared to be practical. They ex- 
perimentally determined that doses up to 
500 times tlie smallest amount found to 
be therapeutically effective had no ap- 
parent harmful effect on the birds; su^ 
massive doses also had no antiheteraktd 
eSect The administration of phenothia- 
zine in doses of 0.5 grams per bird had 
no appreciable effect on a flock in egg 
production and was not followed by en- 
teritis or other digestive disturbances, ex- 
cept for a slight softening of the feces 24 
hours after treatment. For flock treatment 
one pound of powered phenothiazine is 
mixed with as much wet mash as 900 to 
1,000 birds will consume in approximately 
one hour. The mash and the phenothia- 
zine should be thoroughly mixed when 
dry, then moistened to increase palatability. 
Great care must be taken that there are 
plenty of feed hoppers to permit all birds 
in the flock, to eat at the same time. 

Birds given phenothiazine should be 
confined to the house. Feed should be 
withheld for a few hours or half a day until 
the birds become quite hungry. ^Vorms 
will be eliminated in the droppings during 
the 2 or 3 days following the treatment. 
The house should then be thoroughly dry 


cleaned and clean litter added. Birds 
that arc given access to yards or the range 
during treatment should be removed to 
new soil not later than one week after 
treatment, and the soil exposed to action 
of sun and wind for several months if pos- 
sible. 

Hall and Shillinger (1923a) reported 
that carbon tetrachloride failed to remove 
any large roundworms from one chicken 
treated with 1 cc. per kilo of body weight, 
but removed all the worms present in 
three cases when administered at the rate 
of 2, 4, and 5 cc. per kilo of body weight. 
Ackert and Graham (1935) found that 
carbon tetrachloride was highly efficacious 
in removing tlie large intestinal round- 
worm from young chickens at a dose rate 
of 4 cc. per kilo with apparently no ill ef- 
fects. 

It has been known for many years that 
nicotine possesses a high nematodicidal 
action against the large roundworm of 
poultry. However, because of its toxicity 
to the fowl, its use for the control of this 
parasite was temporarily delayed. 

Herms and Beach (1916) were the first 
to employ tobacco stems for the removal 
of poultry roundworms. They found that 
by soaking chopped tobacco stems for 2 
hours and mixing the stems and the liquid 
with about one-third of their normal ra- 
tion of mash, many roundworms were re- 
moved. The birds were fasted for about 24 
hours before they were given the medi- 
cated mash. 

Freeborn (1923), of the University of 
California Agricultural Experiment Sta- 
tion. ranceived the idea of mixing nico- 
tine sulphate (Black Leaf "40’*) with an 
earthen material known as Lloyd’s alka- 
loidal reagent, thereby rendering much 
less toxic a substance which by itself 
would not be safe to use. The mixture, 
which contained 6.6 cubic centimeters of 
nicotine sulphate and 16 grams of Lloyd’s 
alkaloidal reagent, was placed in capsules, 
each capsule containing approximately 
350 to 400 milligrams, and administered 
individually to the birds. This formula 
became known as the University capsule. 
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The introduction of this capsule marked 
a renewed interest in the treatment of 
fowls for the removal of the large in- 
testinal roundworm. Hotvever, it was soon 
discovered that the gelatine capsule con- 
taining die mixture was soluble in die se- 
cretions of the upper part of the digestive 
tract, and toxic symptoms and, in some 
cases, death resulted, hforeover. necropsies 
on some of the treated birds revealed the 
presence of numerous roundworms, indi- 
cating that the dose of nicotine in the 
University capsule was not sufficient to 
remove all the worms satisfactorily 

Davis (1940) stated that it was possible 
to mix nicotine with an organic colloidal 
material (name not given) to obtain a 
mixture which was nonlethal to the ani- 
mal to which it is administered even 
though the amount of nicotine is in excess 
of a lethal dose, The use of such a mixture, 
he stated, satisfactorily removed round- 
worms fiom chickens, provided 70 to 80 
milligrams of nicotine were administered 
at a single dose He further stated that 
it was possible in the mixing of the nico- 
tine and the organic colloidal material to 
so regulate the release of the alkaloid 
(nicotine) that the greatest amount could 
be liberated where it was most needed. In 
the case of the intestinal roundworm, 
which is found to be most numerous in 
the anterior portion of the small intestine, 
the liberation of the drug would have to 
be delayed until after it passed through 
the gizzard. 

Levine (1936) administered a mixture 
containing one-fourth pound Black Leal 
worm powder (a 5 per cent nicotine com- 
pound composed of nicotine sulphate 
mixed with a special fuller's earth) and 5 
pounds of mash to 45 pullets Feed was 
withheld from the birds overnight The 
birds promptly cleaned up the mash the 
next morning. Two hundred and eighty- 
four worms were removed by the treat- 
ment; none was found at autopsy. 

Guthrie and Harwood (1942) con- 
ceived the idea of mixing phenothiazine 
and nicotine-bentonite (a daylike mate- 
rial) and administering the mixture for 


the removal of both Heterakis gallime 
and Ascaridia galli from chickens. Tablets 
containing 33 parts phenothiazine, 66 parts 
nicotine-bentonite (5 per cent nicotine), 
and f part sodium stearate removed 83.7 
per cent of 1,012 Heterakis and 96.2 per 
cent of 131 Ascaridia. When administered 
separately and in equivalent amounts to 
infected chickens, the phenothiazine re- 
moved 89.9 per cent of 675 Heterakis and 
48.2 per cent of 110 Ascaridia-, the nico- 
tine-bentonite removed 10.1 per cent of 
1.24G Heterakis and 85.2 per cent of 149 
Ascaridia. 

Harwood and Stunz (1945) found that 
phenothiazine and nicotine-bentonite mix- 
ture gave good results in removing Heter- 
akis gallinae and only fair results in re- 
moving Ascaridia dissimilis from the tur- 
key. 

Scientists of the Bureau of Anitnal In- 
dustry demonstrated that the feeding of 
a medicated mash containing 15 grams of 
nicotine sulphate (Black Leaf “40"), 151 
grams of phenothiazine, 287 grams of 
bentonite, and 44 pounds of chick feed for 
3 conscniiive days at intervals of 3 weeks 
to chickens held continuously on worm- 
infected soil maintained a low level of 
parasitism in the treated birds. 

Riedel (1951) investigated the anthel- 
mintic value of Caricide (l-diethylcar- 
bamyl-4-methylpipcrazine hydrochloride) 
as a flock treatment in chickens infected 
with Ascaridia galli; he found that feed- 
ing a mash containing 1.0 per cent Cari- 
cide for a 2-week period and administra- 
tion of an £psom salt purge at the end 
of the first and second weeks eliminated 
89.2 per cent of tlie worms, while none of 
the untreated birds passed worms. A third 
group of birds, treated similarly with 
Caricide but not purged, eliminated 72.0 
per cent of their worms. 

Piperazine and its derivatives have been 
recendy shown to be highly effective a* 
anthelmintics in man and other animals 
Bradley (1955) reported a very high re- 
covery of Ascaridia galli in two tests in 
which 15.600 8-week-old broiler 
were given a water solution containing “ 



chapter 34: NEMATODES AND ACANTHOCEPHAUDS OF POULTRY 


999 


gin. of piperazine citrate per 1 gallon of 
drinking water for 60 hours, and 17,900 
6-week-oId birds were given a similar 
solution containing 6 gm. of piperazine 
citrate for 24 hours. Shumard and Eveleth 
(1955) reported that piperazine citrate, 
when administered at the rate of 8, 10, 
and 16 gm. per 1 gallon of drinking water 
for 1 to 4 clays, eflectis-ely removed all 
Ascaridia but not Heterakis. Vjanello and 
Vicenzoni (1955) administered piperazine 
citrate to fowls in doses of 300 to 400 mg. 
per kg. body weight and reported the com- 
plete disappearance of both mature and 
immature Ascaridia. No previous fasting 
was necessary, and the drug was well 
tolerated. Horton-Smith and Long (1956) 
tested three piperazine compounds (piper 
azine carbon bisulphide, piperazine adi- 
pate, and piperazine citrate) against As- 
caridia gain in chickens and reported that 
all adult worms were completely elimi- 
nated. The compounds were administered 
as single doses varying from 100 to 500 
mg. per kg. body weight. Two of the 
drugs (piperazine adipate and piperazine 
citrate) removed from 80 to 100 per cent 
of the Ascaridia when incorporated in the 
feed at the rate of 300 mg. in 100 gm. wet 
mash or 300 mg. per 200 ml. of drinking 
water. Colglazier, Foster. Enzie, and 
Thompson (1960) reported that 1 gm. 
doses of phenothiazine removed 94 per 
cent of the Heterakis and 24 per cent of 
the Ascaridia present. Piperazine citrate, 
given by capsule in single doses contain- 
ing 200 mg. of piperazine, removed 66 per 
cent of the Heterakis present. Doses of 100 
mg. and 200 mg. piperazine were both ef- 
fective against Ascaridia. Single 1 gm 
doses of 7:1 mixture of phenothiazine and 
piperazine removed 94 per cent of the 
Heterakis and 100 per cent of the Ascarid- 
ia. Comparable results were obtained 
against both species with a 0.75 gm- dose 
of a 12:1 mixture of the two chemicals. 
Whitney (1957) reported that piperazine 
citrate effectively removed Ascaridia colum- 
bae from pigeons by witliholding drinking 
water overnight and giving a solution con- 
taining 8 gm. of the compound to each 


gallon of svater the next morning. The 
solution svas replenished each morning 
for the next 5 days and clean water added 
at noon on the third day. No ill effects, 
except a slight nausea, were noted. 

None of the piperazine compounds is 
particularly dangerous to the administrator 
or its recipients. Skin contact over a long 
period of time may produce a mild irrita- 
tion, but wasliing of the exposed areas with 
copious amounts of water will alleviate the 
condition. 

Most of the piperazine derivatives have 
a broad safety margin and, therefore, a 
very low toxicity to the host. On Ascaridia, 
these compounds exert a narcotizing effect, 
ilvus enabling the worms to be removed 
by means of natural peristalsis. The 
worms are expelled alive and may be seen 
wriggling if observed soon after expulsion. 

The sterilization by means of fumigants 
of soil contaminated with the eggs and 
larvae of poultry parasites is receiving some 
attention. 2c has been found that methyl 
bromide is highly effective against ova of 
some of the common nematode parasites of 
swine (Andrews et al., 1945) and of 
poultry (Clapham, 1950). Earthworms and 
other arthropods inhabiting the soil are 
also readily killed by methyl bromide fu- 
migation. 

For the treatment of the eyeworm, San- 
ders (1929) recommended a modification 
of that advocated by Wilcox and McClel- 
land in 1913. The eye is first anesthetized 
by means of a local anesthetic. The worms 
are exposed by lifting up the nictitating 
membrane and one or two drops of a 5 
per cent solution of creolin is placed di- 
rectly on the worms. The eye is then im- 
mediately irrigated with pure water to 
remove the excess creolin solution. Inas- 
much as the worms are killed immedi- 
ately upon contact with the creolin solu- 
tion, the irrigating of the eye does not 
interfere with the effectiveness of the 
treatment. Within 48 to 60 hours after 
the treatment, the eyes will begin to show 
improvement, provided the damage has 
not been too great. 

Emmel (1939) reported that the feed- 
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ing of regular mash to which 5 per cent 
of flowers of sulphur had been added 
seemed to benefit turkeys infected with 
CapiHflrio contorla. At the end o£ S weeks’ 
treatment, he stated that "recovery oc- 
curred in all affected birds tvhich were 
able to eat when treatment was started." 

Thienpont and Mortelmans (196^ re- 
ported that capillariasis in pigeons and 
chickens (Capillarta obsignaia) could be 
controlled by the administration of I cc. 
of a 10 per cent methyndine solution sub- 
cutaneously in the pectoral region or into 
the leg (pigeon) and dorsal region between 
the wings (chickens). The writers stated 
that this drug must be administered with 
great care as (1) spilling of the drug on the 
skin may produce a small lesion, (2) nau- 
sea, slight ataxia, and incoordination were 
observed to some degree even with sub- 
effecthe doses, and (3) death may some- 
times result. The drug had no marked 
effect in coccidiosis and trichomoniasis, 
and was only slightly effective against 
Ajearidia. 

Clarke (1962), following a number of 
investigations in the use of haloxon against 
Capillarta infection in chickens, reported 
that individual doses of 25 and 50 mg. pec 
kg. body weight practically eliminated ail 
the worms. However, it was necessary to 
remove the birds from the infected environ- 


ment immediately after dosing to prevent 
reinfection. It was suggested that the most 
suitable time to treat was immediately 
prior to movement from the tearing to the 
laying quarters. 

Poultry manure serves as a breeding 
place or feeding grounds for a large num- 
ber of arthropods or their progeny, many 
of which serve as vtciois of those species 
of pouftry parasites that require an inter- 
mediate host in Older to complete their 
devefopment. It is here that the eggs of 
these parasites develop to the stage in- 
fective to tlie intermediate hosts. 

Circumstances at times arise which do 
not permit the disposal of poultry manure 
m a sanitary manner. In order to sur- 
mount such an obstacle, the possibility of 
treating the accumulated manure with in- 
secticides for the destruction of arthro- 
pods has received some attention. 

Work in Hawaii on the control of 
arthropods breeding in poultry manure 
by Tanada et al. (1950) and Kartman et 
qI. (1950) indicates that kerosene solu- 
tions of DDT and chlordane at 1 per ccnl 
and acetone solutions of benzene hexa- 
chlortde at below 1 per cent gamma con- 
centration were highly effective under 
simulated natural conditions. (See Control 
of Tapeworms, p. 1029). 


Acankhocephalids 


The Acaivlhoccphala or thorny-headed 
worms are parasites occurring as adults in 
the intestinal tract ol vertebrates. In form 
they are elongate, roughly cylindrical, or 
spindle-shaped. Several distinct body re- 
gions are recognizable: retractile proboscis 
armed with hooks, a neck, and a body 
proper. The retractile proboscis bears al- 
ways a considerable number of recurved 
hooks which are arranged in rows. TTie 
number, form, and arrangement of riie 
hooks are valuable diagnostic characters. 
The body proper forms the major portion 
of the worm. It is usually unarmed but 
may bear small spines of definite form 
and arrangement on some portion of the 


external surface. This group of worms is 
deprived of a digestive tract. Nutrition is 
thus provided for entirely by absorption 
through the body wall. The sexes arc 
separate in all cases. The male is smaller 
and more slender than the female and 
often distinguished externally by a bell- 
shaped bursa that surrounds the genital 
pore. 

So far as known, all species of Acantho- 
cephala require one or more intermediate 
hosts before reaching a stage of develop- 
ment where they are infective for the final 
host. Various arthropods, snakes, lizards, 
and amphibians serve as hosts of the larval 
stages of these parasites. 
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Only three species of thorny-headed 
uorms have been reported as parasites of 
domestic poultry in North America, two 
of these as immature forms. 

Onctcola cams (Kaupp, 1909) 
Oncicola cam's (Kaupp, 1909) was 
found in about 10 per cent of the young 
turkeys around San Angelo, Texas, by 
Price (1929). The worms were encysted un- 
der the epithelial lining of the esophagus 
in numbers varying from a few to 100 or 
more. They were reported as the possible 


cause of death (Fig. 34.24A, B, C, and 
D). 

The adults of this parasite occur in the 
dog and coyote. The presence of larval 
forms of this parasite in young turkeys 
suggests that such occurrences are acci- 
dental, the young worms encysting when 
taken into an unsuitable host. 

Plagiorhynchus jormosus Van Cleave, 1918 

An immature male and two female 
specimens of Plagiorhynchus formosus 
Van Cleave, 1918, were reported by Jones 
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FIG 34.25 — PlagIorhyn<hu$ formotu*. (A) Yovng 
femcilei I, l•mnitcu(; c, ovary, pr, proboscis re* 
ceptaele (from Jones 1928). <6) Mote. (C) Hooks 
from proboscis. (D) Egg. (Enlarged.) (From Von 
Cleave, 1918.) 

(1928) from the small intestine of a 
chicken collected at Vineland. New Jersey. 
Other bird hosts from which this species 
has been reported are the flicker, collected 
at Bowie, Maryland, the crow, collected 
at Washington. D.C.; and the robin in 
New Jersey (Fig. 34.25A, B, C, and D). 

Polymoiphut boschadis (Schrank, 1788) 
Wickware (1922) reported Polymorphus 
boschadis (Schrank, 1788) from the duck 



FIG. 34.28 — Polymorphus boschadis. (A) Malt* 
(fi) Lorva from Camarus pulox. (C) Preboicis 
of lorvao. (Enlarged.) (From LUhe, 1911<} 

in Canada. This parasite is reported as 
causing serious injury and death among 
domesticated waterfowl, especially in 
young birds. It causes an inflammation 
of the intestine with subsequent anemia 
and cachexia. According to Schlegel 
(1921), the birds are sick only a short 
time, the gait is staggering, and the head 
and wings droop (Fig. 34.26A, B, and C). 


Ackert, J. E: 1931 The t 
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Cestodes of Poultry 


The cniwlcs or capeuorms are flattened, 
ribbon shaped, utuallv segmented uorms. 
As adulu, they are (ound principally in 
the intestines of their liosts These worms 
are hermaphroditic and lack both a mouth 
and an alimentary canal. 

The tlass CESTOD.V has recently been 
subdisided into (auriccn orden (Wardle 
and McLeod. I9a2). The tapeworms 
whicti occur in poultry of this country 
hasx been grouped by these authors into 
one order, namely Csclopiiyluoea. The 
CvcLoritYiuotA, or taenioid ccsiodcs are. 
as adults, parasitic chieflv m the higher 
sertebrates and are of considerable eco- 
nomic and medical importance. These 
tapewonns are characterized by having a 
scolcx with four cup-shaped suckers and 
stith or without a rostcllum 

The ucnioid cestodes are groujsed into 
a number of families, four of which con- 
tain s|>ccies infcttiiig jjoultry- The worms 
of the familv Anoplocephalidae possess 
neither rostcllum nor hooks. Tlie proglot- 


tids arc usually wider than long, and each 
proglottid contains one or two sets of geni- 
tal organs. The genital pores are marginal, 
and the eggs frequently contain “pjri' 
form’* bodies. The species Aporina dela- 
fondi belongs to this family. The family 
Davaincidac is composed of tapeworms 
hasing a scolcx with a simple rostcllum 
which is aimcii with one or more rows of 
numerous hammer-shaped hooks. The 
suckers are usually also provided "'•d' 
hooks. Each proglottid contains one or 
two sets of genital organs. The uterus is 
penisicnl and saclike, or replaced by ciilier 
numerous egg capsules or a parutcrine 
body svhich later becomes iransformed into 
a single egg capsule, rouluy tapeworms of 
the genera Dasainea and Raillietina be- 
long to this family. In the family Dilcpi- 
didac, the rostcllum is usually armed, but 
the suckers arc unarmed. The genital 
pores arc marginal, one or two in each 
segment. The uterus is saclike. or rcsohed 
into egg capsules — uterus with or without 
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paruterine body. The poultry tapeworms, 
Amoebotaenia sphenoides and Choano- 
laenia infundibulum, belong to this fam- 
ily. The Hymenolepididae is characterized 
by having a scolex with rostellum usually 
armed with a single row of hooks; the 
suckers are unarmed. The genital pores 
ire usually unilateral, rarely two in each 
segment The uterus is usually persistent 
and sadike. The eggs are enclosed in 
three enselopes. The species of poultry 
tapeworms belonging to the genus Hy- 
menolepis belong to this family. 

General morphology. Structurally, a 
complete tapeworm consists of a head, 
neck or growth zone, and a variable num- 
ber of segments or divisions. The head or 
scolex of a taenioid tapeworm consists of 
four cuplike organs or suckers which may 
surround a terminal retractile organ 
Inown as the rostellum. Hooks may or 
may not be found on the rostellum, and 
derfduous spines often arm the suckers. 
The number, size, and shape of the 
twtellar hooks vary as to spedcs, and 
“CM variations are used by systematists 
•n differentiating species and even genera 
ot upewonns. The term "neck” or 
Powih rone” is applied to the narrowed 
ana unsegmemed region located just 
ack of the head and in some ceatodes, is 
t nucroscopically distinct from the head, 
c segments or divisions of a tapeworm 
en taken collectively are generally 
spoken of as the strobila, and each segment 
jM*\***°” ^ ^ proglottid. The size, shape, 
m, j of proglottids vary tre- 

^ ° C'en in the same individual 
L® interior segments are usually 
contain few, if any, 
‘Eternal organs. Those seg- 
tiwu middle of the body of the 

diim anicro-posierior 

(,{ proportionately greater than that 
uj ^oiciior segments. These segments 
1*0 en of .IS mature segments, since in 
tcut both the male and female 

tatiSed “'p' distinctly diflcr- 

®rc not usually found in 

'SS -n-' 

or grasjd segraenu arc variable 


in shape and usually contain the uteri 
and eggs or Only eggs with the uterus 
either partly or wholly obliterated. 

Since tapeworms lack an alimentary 
canal, food is absorbed through the sur- 
face of the body. 

A tapeworm grows from the neck back- 
wards, and segments are continually being 
budded off from the proliferating tissue 
found in this region. Therefore, the seg- 
ments farthest removed from the growing 
region are the oldest from the standpoint 
of development. The newly formed seg- 
ment contains no distinguishable organs, 
while the terminal segments of a com- 
pletely formed tapeworm may be nothing 
more than egg sacs. The latter are known 
as gravid segments and are the ones usu- 
ally found in the droppings of infected 
birds. 

All adult tapeworms of poultry are 
found usually in the small intestines of 
their hosu. However, Hymenolepis mega- 
lops, the large-headed tapeworm of ducks, 
occurs in the cloaca and bursa Fabricius of 
these birds. Each species of tapeworm usu- 
ally shows some predilection for a par- 
ticular portion of the small intestine to 
which to attach. The species Hymenolepis 
carioca, H. cantaniana, Amoebotaenia 
sphenoides, and Davainea proglotlina are 
usually found in the duodenal region of 
the small intestine; Raillietina cesticillus, 
Choanotaenia infundibulum, and Metro- 
UasOtes lucida in the jejunal region; and 
Raillielina Ictragona and R. echtnoboth- 
Tida in the distal portion or ileum. How- 
ever, in heavy infections, tapeworms may 
be found in portions of the small intestine 
other than their more normal locations. 

Adult tapeworms of poultry differ con- 
siderably as to length and as to number 
of proglottids or segments. Davainea 
proglottina and Amoebotaenia sphenoides 
are two of the smallest tapeworms found 
in poultry, ^^ature specimens of the 
former species measure up to 4 mm. in 
length and have a range of segments from 
4 to 9, while those of die latter spedcs 
reach a length of from 2 to 3.5 mm. and 
p(»sess approximately 30 proglottids. 
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Raillietina echtnobothrida and R. tetra- 
gona, on the other hand, are ttvo of the 
largest tapeworms infecting poultry Ma- 
ture specimens of both of these tapeworms 
may attain a length of approximately 25 
cm. and possess large numbers of proglot- 
tids. 

Development. In the case of every tape- 
worm of poultry in which the life history 
is known, an intermediate host is neces 
sary for the completion of the life cycle 
Investigations have shown invariabh that 
intermediate hosts of tapeworms have al- 
ways been found to he invertebiates, such 
as a beetle, fly, snail, slug, or crustacean 
Tapeworm segments aie devoured by 
dung-feeding insects either along with 
their normal food or because they are at- 
tracted to the attention of ilie inverte- 
brates by their movements, 

The type of intermediate host that 
serves a particular tapeworm in m suc- 
cessful transference from one bird host to 
another depends to a large degree on the 
habits of the avian host. In the case of 
terrestrial birds, such as chickens, turkeys, 
guinea fowls, etc., which deposit their 
body wastes principally away from ponds 
and streams, the intermediate hosts must 
necessarily have to be forms of animal life 
that lead a terrestrial life, or at least an 
amphibious one. On the other hand, tape- 
worms inhabiting water birds, such as 
ducks and geese, usually have aquatic in- 
vertebrates as natural intermediate hosts. 

Invertebrates, which serve as iniermedi- 
ate hosts of poultry tapeworms, become 
infected with larval tapeworms by in- 
gesting. along with their food, the free 
eggs or die egg-bearing segments voided 
by the infected birds. Following ingestion 
the eggs hatch in the digestive tract, the 
embryos or larvae penetrate the intestinal 
wall, enter the body cavity, and after a 
few days become transformed into simH 
white, bladderhke, spherical bodies! 
known as cysticercoids (small cysts). These 
cysts are distinctly visible to the 
eye when placed in water after removal 
from the body of the intermediate host. 
Under proper magnification the head of 


the tapeworm may be seen near the center 
of the cyst. 

Approximately 3 weeks are required for 
the embryos to develop into the cysticer- 
coid stage after the eggs have been in- 
gested by the intermediate host. No fur- 
liter development of the tapeworm takes 
place in the invertebrate host. The cysti- 
cercoids may remain alive in the inverte- 
brate host and infective to the bird host 
for many months. 

Poultry become infected with tapeworms 
by swallowing, with their food and water, 
insects, snails, slugs, and other forms of 
animal life that may serve as intermediate 
hosts of these parasites. The cysticercoid 
IS freed from the body of the intermediate 
host by the action of the digestive juices. 
Soon after the cysticercoid is liberated, 
the head evaginates and becomes attached 
to the intestinal wall. New segments or 
proglotiids begin to form immediately at 
die neck region, and within approximately 
3 weeks a mature tapeworm is formed. 
The entire life cycle, therefore, takes 
about 6 weeks for completion, but under 
unfavorable conditions a longer period of 
time may be necessary. 

Gross pathology. A few tapeworms may 
produce little or no perceptible post 
pathological changes in the intestines. 
However, in heavy tapeworm infections, 
a more or less extensive catarrhal enteritis 
and diarrhea may result. At least one 
species of tapeworm, Raillietina echino- 
bothrida, causes the formation of nodules 
in the intestinal wall. Inasmuch as this 
condition closely resembles tuberculosis, it 
is important that the two conditions be 
kept in mind in attempting to arrive at 
a diagnosis of the condition present. The 
presence of intestinal nodules — sometimes 
distinctly visible on the outer surface of 
the intestinal wall — and the absence of 
tapeworms is strongly suggestive of tu- 
berculosis. However, a diagnosis of io' 
testinal tuberculosis should not be made 
without first eliminating tapeworms of this 
species as a cause of the nodules. Mature 
specimens of this tapeworm are usually 
several centimeters long, but observations 
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ha\e shown that, in many cases, infec- 
tions involved individual tapeworms con- 
taining only a very few segments, some- 
times only the heads. In such cases, the 
parasites may be easily overlooked if only 
a casual or hurried examination is made. 
In doubtful cases, the intestine should be 
raaped with a scalpel or other suitable 
tnstniment and a careful examination 
made of the scrapings under suitable 
magnification for the presence of small 
tapctvorms or their heads. The presence 
of tapeworms and the absence of tubercles 
to the liver and other organs are indicative 
upcwonn disease. Another species of 
^pm*onn, RaiUietina tetragona, which is 
morphologically very similar to R. echino- 
olhrida and often confused with it, has 
t>ot been definitely associated with tubcr- 
culosislike lesions. 

Leg weakness and paralysis have fre- 
^uenuy been attributable to tapeworm 
|W«iion. However, the relationship of 
jspewormi to these diseases is still un- 
owu Should these conditions be inti- 
^‘cly associated with the presetree of 
peworms, the mere removal of the para- 
,,® clear up the condition. The 

which had previously shown 
ITOptonu of leg weakness and paralysis 
“Otn tapeworms at necropsy 
ms to disprove the idea that tapeworms 
rn.r.-^ ^«grce responsible for these 
Capillary congestion; lynipho- 
eosinophil 

and P^^L'fcration of epithelium; 

Ki\p 1 Ollier conditions which 

As- 

evidence to show that 
»re not P^r^itized with tapeworms 

L'.ndtr ^ itfecicd ones, 

tclenie , birds may 

lairly heav 7 tapeworm infec- 


tion, at least for a time. However, young 
birds and hens in heavy production do 
not fare so well when heavily infected 
with these parasites. 

Importance of cestodes as parasites of 
poultry. Chickens in this country may be 
infected with one to as many as seven 
species of tapeworms. With the exception 
of one or two of these species, all are of 
common occurrence. A few years ago, the 
list of intermediate hosts of poultry tape- 
worms was small, but investigations within 
the last few years have been responsible 
for an alarming increase in the number of 
invertebrate intermediate hosts that tape- 
worms of poultry may utilize for the de- 
velopment of their larvae. 

The control of poultry tapeworms in- 
volves treatment for the removal of the 
tapeworms themselves and the reduction 
of the numbers of intermediate hosts by 
sanitary measures. Since the treatment of 
fowl taeniasis is still in an unsatisfactory 
state, sanitation has almost wholly been 
relied upon to prevent tapeworm infec- 
tion. This method of control involves, 
first of all, the proper disposal of poultry 
manure containing the eggs of tapeworms 
so that the intermediate hosts cannot be- 
come infected with the larval stages of 
these parasites. Many of the intermediate 
hosts are flying insects, and once the latter 
have become infected with larval tape- 
worms they may be responsible for the 
spread of die disease to distant flocks. Re- 
cent invesugations have indicated that 
clean birds held in close proximity to in- 
iiv-aV >viiV AtvaiTjAiy- imranr lir- 
(ected with tapeworms within a relatively 
short time. 

The species of cestodes parasitizing 
poultry of the United States belong to four 
families which may be differentiated by 
the following key; 


lf«!i numerous hammer-shaped hooks . . Davaineidae 

^ Tcsim With hooks not hammer-shaped, or unarmed 2 

Icii?, „ ' * ■*' "lofc Hyraenolepididae 

3. u ”j* numerous, more than 4 .. .3 

poulirv*^"^ rostcllura; no paruterine organs in species occurring in 

Head Anoploccphalidac 

''idiout ,*^5^^‘He_rostclIum. usually armed, or, rarely, unarmed; rarely 
rostcilum; v.iih or without paruterine organs Dilepididae 
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LIST OF TAPEWORMS KNOWN FROM 
POULTRY OF UNITED STATES 

The following is a list of the species of 
tapeworms found in poultry of this coun- 


try, svith their primary and secondary 
hosts, usual location and hinds of poultry 
aSected. 


Tapeworms 
Davainea progloUina 
Davainea meleagridis 
Amoebotaenia euneala 
Hymenolepis carioca 

Hymetiolepis canlaniana 

Raillietina cesticillus 


Ckoanotaenitt 
infundibulum 
Raillietina tetragana 

RailUetina echtnobotkrida 
Metroliasthes lucida 

Hymenolepis compressa 
Hymenolepis introversa 
Hymenolepis megalops 

Hymenolepis tritesticulata 
Hymenolepis eoronula 

Hymenolepis lanceolala 
Hymenolepis tenuiTostris 

Raillielina magninumida 
Raillielina ransomi 
Raillietina williamsi 
Raillielina georgiensts 

Aporina delafondi 
Fsmbriaria fasciolaris 


Location 

Intermediate 

hosts 

Definitive 

hosts 

Duodenum 

Slugs, snails 

Chicken 

Duodenum 

Unknown 

Turkey 

Duodenum 

Earthworms 

Chicken, Turkey 

Duodenum 

Stable fly 

Chicken, Turkey 


Dung beetles 

Bobuhite quail 

Duodenum 

Beetles 

Cliicken, Turkey 
Peafowl 

Bobwhice quail 

Jejunum 

Housefly 

Chicken, Turkey 


Beetles 

Guinea fowl 



Bobwhite quail 

Gray jungle fowl 

Jejunum 

Housefly, Beetles 

Chicken, Turkey 

Ileum 

Ants 

Chicken. Turkey 
Guinea fowl, Peafowl 



Bobwhite quail 

Ileum 

Ants 

Chicken, Turkey 

Ileum 

Crassboppers 

Turkey, Chicken 
Guinea fowl 

Intestine 

Unknown 

Duck, Goose 

Intestine 

Unknown 

Duck 

Cloaca and buna 
of Fabricius 

Unknown 

Duck 

Intestine 

Unknown 

Duck 

Small Intestine 

Crustaceans 

Snails 

Duck 

Small Intestine 

Crustaceans 

Goose 

Small Intestine 

Crustaceans 

Crayfish 

Duck, Goose 

Small Intestine 

Beetles 

Guinea fowl 

Small Intestine 

Unknown 

Wild turkey 

Small Intestine 

Unknown 

Wild turkey 

Small Intestine 

Ants 

Wild turkey 

Domestic turkey 

Small Intestine 

Unknown 

Pigeon 

Small Intestine 

Water flea 

Chicken 
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ClASSIHCATION OF POULTRY TAPEWORMS 

The tapeworms of poultry belong to upon the head. The following key will aid 

8 general group designated as taenioid in the differentiation of the genera of 

raiodes, which are characterized primarily upeworms found in poultry of this 

oy the presence of four cup-shaped suckers country: 


1. Rostellum absent 2 

Rostellum present 3 

2. Paruterine organ present Metrohasthes 

Paruterine organ absent Aponna 

3- Mature worms small, usually not longer than 4 to 5 mm. 1 

Mature worms large, longer than above . . 5 

4. Strobila consisting of 2 to 9 segments Davainca 

Strobila consisting of numerous segments . Amoebolaeuia 

5. Testes 3 in number , C 

Testes more than 3 in number -7 

^ * well-developed pseudo-holdfast organ, in addition to a small, true 

«?• organ, containing no genital primorfia . Fimbriaria 

With only a true holdfast organ Hymenolepis 

7- Rostellum armed with a single row of 16 to 20 hooks, each 20 to 30^ 

long ChoanolacntA 

Rostellum armed with either a single row or double row of 100 or more 
oooki, each 6 to 15^ long Raillietina 


‘’BCRIPTtONS OF POULTRY TAPEWORMS 

somewhat the identification 
hj, ^P^oies of poultry tapeworms, they 
normal according to their 

ocation within the intestine of 
iify *•*•' duodenum, jejunum, and 

'fade's. ^ description of each 

tapeworms normally in- 
n region. Three of these 

griiij ’ progloltina, D. melea- 

'trvsmn cuneala, are 

ia ''orms, rarely exceeding 5 mm. 

possessing relatively few 
anr! Hymenolepis 

bng ^ ronfaniana, arc relatively 
legcrienij”'* composed of many 

'’''•Pididae 

family are characterized 
Fuu in ^ f single set of reproductive or- 
proglottid. The uterus is sac- 


Hke and more or less lobed or reticulate. 
Paruterine bodies are present or absent. 
Amoebolaenia cuncata (Linstow, 1872) 
Synonyms. Taenia cunealo von Linstow, 
1872. not Baisch, 1786; Taenia sphenoides 
Railliet, 1892; ZJicranotaenia sphenoides 
(Railliet, 1892) Railliet, 1896. 

Description. Mature worms 2 to 3.5 mm. 
long, triangular or roughly fusiform in 
sliape (Fig, 35.1A). Suckers unarmed; 
rostellum armed with a single row of 12 
to 14 hooks. 25 to 32^ long (Fig. 35.1B). 
Genital pores usually regularly alicmaic. 
located at extreme anterior point of seg- 
ment margin. Testes 12 to 15 in number, 
usually in a transverse row across postenor 
part of sclent. Eggs (Fig. 35. 1C) not 
contained in capsules. 

This upeworm. which usually ^urs in 
the duodenal region ot the tmall 
is apparently not a common 
poultry in the United Sutes. 1 ^ . 

reported from cliickcm m 
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Ferry (1934), from chickens in Texas by 
Ada™ and Gciser (1933), from chickens 
m Tennessee by Todd (1946), from chick- 
“ “‘‘•'■San by Slalseth 
chicken, in Alabama by 
Edgar (1956). ’ 

Life history. The intennediate host of 
this tapeworm is the earthworm. The 
arthworms Esenia (Hehdrilus) faaida, 
t'hereUna pequana, Ocnerodrilus fllyo- 
gema) afncanus, and Allolobophora chic 
riitca have been found to serve as inteime- 
nails tapeworm. Monnig 

(1927) grew the cysticercoids in earth- 
worms (Ocnerodrilus (Ilyogenia) afri- 
canus) in 14 days. Four weeks were then 
required for the cysticercoids to develop 
into adult tapeworms in chickens. Cysti- 
cercoids from earthworms were identified 
as this species by Grassi and Rovelli 
(1889) and Meggitt (1916). Chickens be- 


come infected by eating earthworms 
which carry the infective larva or cysti- 
cercoids of this cestode parasite. 

Pathology. The damage done by this 
tapeworm is comparatively slight, accord- 
ing to Meggitt (1926). However, deaths 
in poultry as being due to this parasite 
have been reported. 

Choanotaenia infundibulum (Bloch, 
1779) 

Synonyms. Taenia infundibulum Bloch, 
1779; Drepanidotaenia infundibuUformis 
(Goeze, 1782) Railliet, 1893; Choanotaenia 
infundibuUformis (Goeze. 1782) Railliet, 
1896. ' 

Description. Mature worms attain a 
length of 25 cm. Suckers unarmed (Fig. 
35.2A); rostellum armed with a single 
row of 16 to 20 hooks, occasionally 22, 20 
w 30^ long (Fig. 35.2B). Genital pores 
irregularly alternate. Testes 25 to 40. oc- 
casionally as many as 55 to 60, grouped in 
posterior part of segment ^ig. 35.2C). 
Eggs with elongated filaments, not con- 
tained in capsules (Fig. 35.2D), 

This species may be readily distin- 
guished from the other poultry tapewoims 
by the rostellum, which is armed with a 
single row of relatively few and very large 
hooks, and bipolar egg filaments. 

This cestode inhabits principally the 
jejunal region of the small intestine of 
chickens and turkeys and is widely dis- 
ttibuted among these birds in the United 
States. 


liisiory. iJirds become infected with 
adults of C. infundibulum by eating house 
grasshoppers, and several species of 
^tles, Cysticercoids have been found in 
nouse flies and in some species of beetles 
as rutural infections, and also after the 
insecu have been fed eggs of this tape- 
worm. Horsfall and Jones (1937) reported 
at a temperature of 75o-90o F.. 17 to 
20 days is the minimum time for develop- 
ment of the cysticercoids to the infective 
stage in the grasshopper, Melanoplus 
/emurrubrum. At a temperature of 60°- 
v 48 days is the minimum time for 
tbe development of the cysticercoids in 
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ment. (6) Gravid segment, (from Ransom, 1905.) 


9 beetle, Aphodtus granarius. The adult 
orm in the chicken requires from 2 to 
eeks for development to maturity. 

alius ‘o <■«**• 

^ittToliasihes lucida Ransom, 1900 

worms about 20 
lari.! Suckers unarmed, rosiellum 
renila?! S5.3A), Genital pores ir- 
eravt.! ^ near middle of, or in 

raiddi definitely posterior to 

iullv ,*®S>nent margin. Uterus, when 
lyinl °P^f consisting of two sacs, 
in rE,*' ^ close together 

'flonin * ^ conical structure, de- 

comincp^ interior to uterus, eventually be- 
reien,- ^ ^^®'’y''''alled egg capsule for the 

(igQ-i . 3 chicken by Ransom 

Validity evidently doubted the 

that ih record since lie stated 

MetroUaslhes /u- 
‘^rren * , j* doubtful. However, the 
been re'”^ species in chickens has 

(1930) f n^ore recently by Rietz 

(*521) 'Vest Virginia, by Southwell 
ni India, and by Schwartz (1925) 


from South Africa. It is readily recognized 
by the large unarmed head and the promi- 
nent spherical egg capsule, which is easily 
seen in the posterior part of each of tlie 
transparent segments in the posterior part 
of the body. 

Life history. Cysticercoids were obtained 
by Jones (1930b) from grasshoppers 
several weeks after feeding to the insects 
gravid segments of M. fwo'da; both labora- 
tory-bred grasshoppers and those collected 
in the field become infected. Jones 
(1936a) infected turkeys and guinea fmvls 
with M. lucida after being fed cysticercoids 
from grasshoppers (DfefanopfuJ species, 
Clwrthippus curtipennis, and Paroxya 
clavuliger); chicks and quail remained 
negative for tapeworms after being fed 
cysticercoids of M. lucida from grasshoppers 
or beetles. The time required for die de- 
velopment of the cysticercoids in the insect 
host varies from 2 to G iveeks. Appro.M- 
mately 3 weeks are required for the de- 
velopment of the adult worm to maturity 
in the avian host. 

Pathology. Probably similar to that of 
R. cesticillus. 


Davaineidae 
Tapeivorms 
with a simple 


of this family have a scolex 
rostellum which is armed 
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FIG. 3S.3 — Mdroliaiihe* (u<ida. (A) Scolex. Originol. (fi) Motur* »egm»nt. (C) Egg. (D) 
Segment ehowing two*parl gtergi «nd developing poruterine orgon. (E) Gravid tegmenl. 
(From Rantom, 1900.) 


wilh one or more rows of numerous ham- 
mer-shaped hooks. The suckers may be 
armed or unarmed. One or two sets of 
reproductive organs may be present in 
each segment. The uterus is persistent and 
saclike, or replaced either by numerous 
egg capsules or by a paruterine body 
transforming later into a single egg cap- 
sule. 

Davamea proglotlina (Davaine, 1860) 

Sjnonym. Taenia proglohtna Davaine, 
I860. 

Description. Mature worms attain a 
length of about 4 mm. (Fig. S5.4A). The 
strobila consists of from 2 to 5 segments, 
rarely as many as 9. Each succeeding seg- 
ment gradually increases in length and 
breaddi, the last segment often being 
larger than the remainder of the parasite. 
Suckers armed with S to 6 rows of small 
hooklets, 5 to 8/1 long. Genital pores usu- 


ally regularly alternate, located at ex- 
treme anterior point of segment margin. 
Testes 12 to 21 in number (Fig. 35.4B). 
One egg in each egg capsule. 

In the United States this tapeworm has 
not been found to be as cosmopolitan in 
its distribution as some of the other 
cestodes of poultry, being found chiefly 
in the moister parts. It has been reported 
from both the eastern and western coastal 
states and from Tennessee and Alabama. 

Life history. Cysdcercoids of this tape- 
worm develop in approximately 3 weeks 
in several species of snails and slugs. Le- 
vine (1938) experimentally infected the 
garden slug {AgrioUmax agrestis) with 
cysticercoids of D. proglotlina and, in 
turn, infected chickens by feeding them 
garden slugs containing mature cysticer- 
coids. \Vhen infected slugs or snails are 
eaten by chickens, the infective larva or 
cysticercoid develops to the adult worm 
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wnfn.^^'1 T* progtotiing. (A) Entire 

> Wiih eggs in last segment. (B) Moture 
segment. (From Meggllt, 1926.) 


^ segments in approximately 8 days, 
•j ®^'^logy. This tapeworm has been con- 
eted to be one of the obviously dan- 
tapeworms of poultry. It has been 
ated^^ ^at infected birds become emaci* 
and dull, lose weight, the plumage 
^nd ruffled, the movements 
and the breathing rapid. At necropsy, 
mucosa appears thickened, 
lestin hemorrhagic, and tlie in- 

^ucus large quantity of 

(19221 tends to be fetid. Crawley 

diid reported this worm as killing 
baj ^ Pennsylvania. Rietz (1930) 
Paralysis associated with the 
of this worm. Hosvever, the true 


relationship of leg weakness to this dis- 
ease is still unknown. 

Davainea mdeagridis Jones, 1936 
Description. Mature specimens up to 5 
mm. long, composed of 17 to 22 segments 
Suckers armed sviih 4 to 6 rows of book- 
lets, the longest about 5>i long; rostellum 
with a double row of about 100 to 130 
hooks, 8 to lO/i long Genital pores usually 
r^larly alternate, located in extreme 
anterior point of segment margin Testes 
20 to 26 in number, in posterior half of 
segment. One egg in each mpsule. 

This parasite was described from the 
duodenum of the domestic turkey by 
[ones (J936b) in the vicinity of Washing- 
ton, D.C, and from the wild turkey by 
Gardiner and Wehr (1949) in Maryland 
Life history. Unknown. 

Pathology. Unknown. 

Raillielino cesiicillus (Molin, 1858) 
Synonyms. Taenia cesticillus Molin. 
1858: Raillietina cesticillus (Molin. 18j8) 
Joyeux, 1923. . 

DeKTiplion. Mature wonus 
a length o! as tnucii as 12 an. Suckers 
unartned; rostctlum armed ivith two rows 
of hooks, about SOO to 500 in number 
(Fig J5.5 A .and B). Genital pores ir- 
;!4tl.rly .altcroatc. located anter, or o 
middle or segment margin. Tahts 6 to 
30 in number, in posterior part of seg 
ment (Fig. 35.5C). Uterus divided into 

caUte ’ 

“ Tfe'losl distinctive feature of *is 
laneworm is the unusually broad and flat- 
bed rostellum. with 2 rows of hooks near 

fowl cestode is probably one of 
ifth“zrological Garden, of 

‘'“history. 
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FIG. 35.5 — Raillieiina c«iticillui. (A) Head. Original. (B) Kook from roslellum. (C) Mature 
segment. (From Ransom, 1905.) 


i?. cesticiHus after being fed various In- 
fected ground beetles and dung beetles. 
Cysticcrcoids have been observed in such 
beetles as Anisotarsus spp., Amara spp., 
Atiaferonia spp., Harpahts spp., Piero- 
stichus spp., and other ground and dung 
beetles after they have been given experi- 
mental feedings of gravid segments of R. 
ceslicillus, and also have been observed in 
natural infections in some of these 
beetles. Larva in beetles apparently re- 
quires from 2 to 4 weeks to develop to a 
stage infective for chickens. Adult worms 
in primary host usually require from 2 
to 3 weeks to develop to maturity. 

Pathology. This worm has been reported 
to cause degenerations and inflammations 
of the villi of the intestine at the point of 
attachment by the rostellum. Heavy in- 
fections in young birds may cause emaci- 
ation. However, Stoddard (1951) noted 
no serious inflammation of the intestinal 
walls, nor was stoppage of the intestines 
found to result from the presence of the 
worms in quail. Ackert and Reid (1937) 
and Ackert (1932) demonsiraied experi- 
mentally that chickens 21/2 to 5 months of 
age are more resistant to infection with 
this species of tapeworm than younger 
birds, and that a reduction in the blood 
sugar and hemoglobin contenu of the 
blood resulted from such infections 
Hanvood and Luttennoser (1938) re- 
ported that the growth rates of Rhode 
Island Red and \Vhite Leghorn chicks 


were retarded by infections with R- 
ceitictllus. 

RaiUietina echinobothrida (Megnin, 
1881) 

Synonyms. Taenia echinobothrida Meg- 
nin, 1881; RaiUietina echinobothrida 
(Megnin, 1881) Fuhrmann, 1924. 

Description. Mature specimens measure 
up to 25 cm. long. Suckers armed with 8 
to 15 rows of hooks, 5 to IS^i long; rostel- 
lum armed with 2 rows of 200 to 240 
hooks, 10 to 14^ long (Fig. 35.6 A and 
C). Genital pores almost unilateral, or 
definitely irregularly alternate, located at 
middle or, usually, posterior to middle of 
segment margin (Fig. 35.6B). Testes 20 
to 30, occasionally as many as 45 in num- 
ber. Uterus ultimately forming egg cap- 
sules, each capsule usually containing a 
single egg. Posterior segments of strobila 
frequently becoming constricted longi- 
tudinally through median line to form 
windows in the center of the segments. 
However, this appearance of the gravid 
segments is not constant in all specimens. 

RaiUietina echinobothrida is apparently 
widely distributed among poultry. 

Life history. Jones and Horsfall (1935) 
reported that the ants Tetramorium 
caespitum and Pheidole vinelandica natu- 
rally harbored bladder worms or cysticer- 
coids of R. echinobothrida and also those 
of another closely related species, Railbe- 
lina telragona. The cysticcrcoids of the 
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no. 35.6 — Raillietina echinobothrida. {A) Scolex. OHg^ol. ®*'Vp5o*)^X)*Hoolc» from 
9«nita! por« jhowing cirrui poueS and port of vogtno. (from long, 1P29.) W hook. 
tuckort. 


iwo spedes were fed to laboratory-reared 
•^ckens. Three weeks after feeding the 
c)sticercoids, adults of the two species of 
J^peworms were recovered post mortem 
rota the experimentally fed birds; the 
'''We negative. All attempts to 
produce experimental infections in ants 
®re unsuccessful. Large numbers of un- 
^ctcd ants collected from infected 
P^wtry runs were fed to 23 chickens; 19 
*he chickens later became infected. 

(^937) reported finding 
of R. echinofcotftrida in 
unlly infected ants, Tetramorium 
Tnna' Afarseilles, 

This worm, causes the forma- 
; f j^wdes on the intestinal wall of 
rcs^M 35.7). This condition 

be ri (T ^ ^'^^wculosis and, therefore, must 
q’ ^^^ridated from that disease. 

Opperman (1909) reported 
1 affected docks in 

1 - noted emaciation and a 

htjj,*.. ‘Wihea as early symptoms, and 
itijjj loss of appetite, and a 

*tid F^i some birds are weak 

®^^ih comes suddenly, ac- 
*W by convulsions. 


RaiHiefma tetra^ona (Molin. 1858) 
Synonyms. Taenia tetragona MoUn. 
1858; Raillielina tetragona (Moltn. 1»58) 
loyeux, 1927. . 

D«crip.lon. Woms T* ,2 

25 cm. long. Suckers armed with 8 to 12 
rows of small hooks, 3 to 8^ long; rostel- 
Carm^S with about 90 to ISO hoo^, 
6 lo 8,. long, arranged m 1 or 2 'Tj' S' 
35 8A). Genital pores usually niulateral. 
riely irregularly alternate, located an- 
terior to ntUdle of men's 

18 to 35 in number (Fig. 35.ro). Gt 
eventually breaking up tutu ’ 

fi to 12 eees in each capsule (Fig- 33-oo^ 

't,.l is n 

Jl,arto«n»mne*no5olW^^^^^ 

ThrSnet tnberculon^ike 

‘ttingy.b.po.Nej=,fS„d'C:^ 

des. In vail. Stoddarf 0™) , 
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FIG 35.7 — Nodular dU* 
eais of intestine of 
chicken caused by tape* 
worms Raillietina echi- 
noboihrido. (After Bush, 
neli and Brandly, 1929.) 



fections. 01 25 birds, the deaths ol which 
were attributed to infection with this 
species, the youngest was 17 days old, and 
the oldest 60 days; the greatest mortality 
occurred between tlie ages of 25 and 40 
days. Although many birds may recover 
if they survive to 2 months of age, they 
are almost certain to be under-sized. Quail 
heavily infected with specimens of this 
tapeworm almost invariably have their 
crops and gizzards filled with food. That 
portion of the intestine occupied by these 
tapeworms sometimes becomes so dis- 
tended that it is reduced to nearly one- 
half its length, being thrown into ridges 
of a purplish-red color. The lining of the 
intestine frequently sloughs off in cases of 
heavy infections. In several instances 
Stoddard observed that bobwhites heavily 
infected with this species moved with dif- 
ficulty, a partial paralysis being evident. 

Raillietina magninumtda Jones, 19S0 

Synonym. Raillietina (Paroniella) mag- 
ninumida Jones, 1930. 

Description. Mature worms about 6 to 


15 cm. long. Suckers armed witli about 10 
rows of hooks, the largest 7 to 8^» long; 
rostellum armed with 2 rows of about 150 
to 170 hooks, 8 to 11/1 long (Fig. S5.9A). 
Genital pores unilateral. l*cstes 12 to 20 
in number (Fig. 35.9B). Egg capsules 
containing 1 egg each. 

This tapeworm is a common parasite 
of the guinea fowl in the United States. 
Hudson (1934) considered R. magntnumida 
as a synonym of if. numida (Fuhrmann, 
1912). The latter species occurs in the 
guinea fowl of Africa. 

Life history. Guinea fowls become infect- 
ed with this species by ingesting beetles 
carrying cysticercoids of this tapeworm. 
Cysticercoids have been found in beetles 
both as a result of the experimental feed- 
ing to them of gravid tapeworm segments 
and in natural infections. Approximately 
3 weeks are required for the larva to de- 
velop to the infective stage in the beetle, 
and 3 weeks more are necessary for the 
cysticercoid to develop to the adult form 
in the guinea fowl. 

Pathology. Adult birds seem little af- 




acsV/Tsv 


FIG. 35.9 — fiailll«(lna magninumlda. (A) Scokx with rosiellum •xt»nded. (B) Moture i«9* 
m*nt eirrg* pou«hj ovary; lettet; v., voglno; v.g., vitellm* plandj y.o., vo» 
d*feren>). Originol. 



ZOa/j 

FiC. 3S.10 — Raill<e*'na ranioml. (A| Head fully eMended. (K) Head partially contracted. 
(C) Mature legmenl. (P) HoolL (From Willlamit 1931.) 
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those of the outer row being largest (Fig. 
S5.11A). Rosiellum hemispherical, 200 to 
2lin in diameter) armed with double 
crown of 152 to 156 hooks, lai^r and 
smaller hooks alternating (Fig. 35.1 IB). 
Genital pores unilateral, in anterior third 
of segment margin (Fig. 35.1 IQ. Uterus 
breaking up into 75 to 100 egg capsules, 
each with 8 to 13 eggs (Fig. 35.1 ID). 

This tapeworm occurs commonly in the 
wild turkey. 

Life history. Unknown. 

Pathology. Unknown. 

RailUelina geOrgiensis Reid and Nugara, 
1961 

Description. Fully developed worms 150 
to 380 mm. long. Suckers approximately 
round, with hooks 8 to 13;^ long (Fig. 35.12 
Q: arranged in 8 to 10 circles. Rostellum 
armed with 220 to 268 hooks, each 17 to 23 
ft long and 12 to 16^ wide (Fig. 35.12B); 
arranged in 2 rows. Genital pores unilater- 
al, rarely irregularly alternate, situated in 
middle third of body (Fig. 35.12D). Testes 
23 to 29 in number, distributed in two 
groups, 7 to 9 poral and 16 to 20 aporal; 
lying between excretory canals. Gravid 
progloitids longer than broad, each con- 
taining 80 to 130 egg capsules, each capsule 
with 8 to 10 eggs. 


This tapeworm is most closely related 
to il. williamsi, R. tetragona, and R. echt- 
nobolhrida from which it is differentiated 
by the site and number of rostellar hooks 
and In location of genital pores. It has 
been reported from the wild turkey in Ala- 
bama, Florida, Georgia and Tennessee, 
and from the domestic turkey in Georgia. 

Life history. The ant, Pheidole vine- 
landica has been found naturally infected 
with cysticercoids (Fig. 35.12F). Domestic 
turkeys fed cycsticercoids recovered from 
this ant became positive for tapeworms 
after about 20 days. 

Patliology. Reid (1962) reported that a 
mild enteritis may develop in birds heavily 
infected with this tapeworm. 

Anoplocepholidoe 

These worms lack both rostellum and 
hooks. The proglottids are usually wider 
than long, and each contains one or two 
sets of reproductive organs. The testes are 
numerous. The uterus may penist or be 
replaced by egg capsules, or the eggs may 
pass into one or more paruterine organs. 
Eggs contain "pyriforra bodies.” 

Aporina delafondi (Railliet, 1892) 

Synonyms. Tcenia delafondi Railliet, 
1892; iJcrlic//a delafondi (Railliet, 1892) 
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FIO.35.12 Raill<«tln<i gtorgitnii*. (A) Scol«x. <B) RotieNor hock. (C) Acetobvlor hook. (D) Moturt 
»»9iTi«Tiv Oto'*id C'yviiwtcItS. oTiii Ncbojo, 


Kailtiet and Henry, 1909. Yamaguti (19CI) 
itansfeired this species lo the genus Ki{<»- 
grewia Meggitt, 1927. 

Dcscriplion. Mature worms 7 to 16.5 cm. 
long. Suckers unarmed; tosiellum absent. 
Genital pores irregularly alternate, lo- 
cated in anterior third of segment margin. 
Testes about 100 in number. Eggs not 
contained in capsules. 

This is a common tapeworm of pigeons 
in several parts of the world. In tlie United 
Stases it has been collected from ^%fnn.s 
in Iowa, Texas, Pennsylvania, and Distria 
of Columbia. 

Life history. Unknown. 

Pathology. Unknown. 


Hymenolepididae 

The hymenolepid tapeworms have a 
scolex with rostellum that is anned with 1 
row of hooks, rarely with a double row, 
or unarmed. The number of testes rarely 
mote than 4. The utenis is saclike, rarely 
reticulate. The eggs are enclosed in 3 
envelopes. 

Several species of the genus Hy?nenofc- 
pis have been transferred to other genera 
by the Russian helminthologists. The pres- 
ent writer has retained the following spe- 
cies in the genus Hymenolepis, pending 
a wider acceptance of the new classifica- 
tion. 



flG. 35.13 — Hymenolepis ccricca. (A) 
Scelex. (B) Mature segmont. (After Ran- 
som, 1902.) 
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Hymenolepis carioca (Magalhaes, 1898) 

Synonyms. Davainea carioca Magalhaes, 
1898; Weinlandia carioca Mayhew, 1925. 

This species has been placed in the 
genus Echinolepis Spassiky and Spasskaja, 
1954. 

Description. Mature specimens 3 to 8 
cm. long, composed of many hundreds of 
segments; segments 3 to 5 times broader 
chan long. Suckers and roscellum unarmed 
(Fig. 35.13A). Genital pores unilateral, 
located anterior to middle of segment mar- 
gin. Testes 3 in number, usually in a more 
or less straight row across die segment 
(Fig. 35.13B). 

This tapeworm is readily recognizable 
by its very slender and threadlike form. 
Complete specimens are very difficult to 
obtain on account of the fragility of the 
worm; the head is usually broken off and 
lost. Several thousands of these worms 
have been found in a single chicken. 

This tapeworm is one of the most com- 
mon tapeworms of the duodenum of 
chickens and turkeys in the United Sutes. 
Stafseth (1940) reported this species of 
tapeworm as a parasite of quail in Miclii- 
gan. Ward (1946) listed H. carioca as a 
parasite of the quail in Mississippi. 

Life history. Guberlet (1919) observed 
that chickens became infected with this 
tapeworm after they had been fed stable 
flics caught around poultry yards. It has 
been demonstrated by Jones (1929) and 
by Cram and Jones (1929) that dung 
beetles act as intermediate hosts. 

Horsfall (1938) successfully grew cysti- 
cercoids of this species in Tribolium 
-'atshuvuMr 71 timj'ayii'.m .(Isuv 

beetles containing cyslicercoids of H. 
carioca were fed to young chickens, the 
latter became infected with the adults of 
this ivorm. Cyslicercoids develop in beetles 
to a stage which is infective for chickens 
within approximately 3 weeks. Develop- 
ment of the adult worm in the chicken to 
the time when gravid segments are passed 
requires from 2 to 4 weeks. 

Pathology. This tapeworm sometimes oc- 
curs in large numbers in dn'ckens and 
turkeys; but it has very little, it any, ef- 



fect on the growth rate of the birds, ac- 
cording to Luttermoser (1940). 

Hymenolepis cantaniana (Polonio, 1860) 

Synonym. Taenia cantaniana Polonio, 
I860. This species has been placed in the 
genus Slaphylepis Spassky and Oshraarin, 
1954. 

Description. Mature specimens about 2 
eiw. Jsoff. ATid js.\ris.Tt 

(Fig. 35.14B). Genital pores unilateral, 
anterior to middle of segment margin. 
Testes 3 in number, usually arranged in 
a transverse row. 

This species has been reported from 
poultry in the United States, Puerto Rico, 
Europe, and Asia. It is reported from 
quail collected in Maryland. 

Life history. The development of the 
cy'sticercoid of this species of tapeworm is 
rather unique. As obsersed by Jones and 
Alicata (1935), the terminal buds arise 
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from the many-branched individual and 
uUimaiely develop into infective larvae 
(Fig. S5.14A). Dung beetles serve as in- 
termediate hosts of this tapeworm. From 2 
to 3 weeks are required for the bladder- 
worm to develop into the adult tapeworm 
in the avian host. 

Pathology. No definite pathological con- 
ditions have been associated with this 
species. 

Hymenolepis tenuiroslris (Rudolphi, 
1819) 

Synonyms. Taenia tenuirostris Rudolphi, 
1819; Drepanidotaenia tenuirostut {Ru- 
doiphi, 1819) Railliet, 1893. This species 
has been placed in the genus A/»Vrosoma- 
canlhm Lopez-Neyra, 1942. 

Desaiption. Mature worms 10 to 25 cm. 
long. Rostellum slender, with about 10 
hooks, 20 to 23^ long (Fig. 35.15A). Geni- 
tal pores unilateral. Testes 3 in number, 
in a transverse row. Eggs (Fig. 35.15B) 
not in capsules. 

Life history. Unknown. 

Pathology. Cram (1928) reported this 
parasite to be present in large numbers 
from the goose in Oregon and regarded 
it as responsible for heavy losses. The af- 
fected birds showed symptoms of weak- 
ness, emaciation, incoordination, and 
diarrhea. Gower (1939) lists this tape- 
worm as a parasite of the duck in North 
America. 



FIG. 35.15 — Hymenolepis tenuirostris. (A) Head 
with rostellor hooks. (B) Egg. (From Krabbe. 
1869.) (O Cysficercoid. (From Hamann, 1889.) 


Hymenolepis compressa (Linton, 1892) 

Synonym. Taenia compressa Linton, 
1892. This species has been placed in the 
genus Microsomacanthus Lopez-Neyra, 
1942. 

Desaiption. Mature worms up to 4 cm- 
long. Suckers unarmed (Fig. 35.16A), 
rostellum with 10 hooks, 50 to 5Sfi long 
(Figs. 55.1GB and D). Testes 3 in number, 
in a more or less straight row across the 
segment (Fig. 35.16C). 

Speehn (1932) listed this tapeworm as 
a parasite of ducks and geese from North 
America. 

Life history. Unknown. 

Pathology. Unknown. 

Hymenolepis coronula (Dujardin, 1843) 

Synonyms. Taenia coronula Dujardin. 
1845; Weinlandia coronula (Dujardin, 
1845) Mayhew, 1925. This species has been 
placed in the genus DirronotAenia Railliet, 
1892. 

Description, hlature worms 1 to 2 cm. 
long. Suckers unarmed; rostellum armed 
with a crown of 18 to 26 hooks, 9 to 18/i 
long, with short handle and a strong 
guard which is almost as long as the blade 
(Fig. 35.17A and B). Testes 3 in number 
(Fig. $5.17C) Eggs not contained in cap- 
sules. 

Life history. The eggs of this tapeworm 
are ingested by small crustaceans, the em- 
bryos hatching and developing to cysticer- 
coids in the body cavity of these animals. 
AVhen these infected ctuslaceam are swal- 
lowed by waterfowl, the cysticercoids de- 
velop to adult tapeworms in the intestines 
of the birds. Joyeux (1920) demonstrated 
Ural snails may carry cysticercoids of this 
species for a time after having eaten in- 
fected crustaceans. Birds may become in- 
fected by eating snails infected with cysti- 
cercoids. 

Pathology. Fillers (1923) reported a 
h^vy infection with this species and 
I'hth H. megafops and /Iploparafesis jurd- 
gera as “apparently the cause of 'going 
light’ and deaths'* in ducks in England. 
Kingseote (1932) reported an enzootic in 
a Sock of ducks in Canada caused by this 




f'®' 35.16 — Hym«n«lfpi» somprewo. (A) Head. (B) ftoti»l|or hook. IFrom Ltnfon, 1892.) 
It; Ma}vr« tbgmtntt. 10) RoifoJIcr hook. (S) ^orMon of trentvtrse tfction through pore of 
rnofuro legment («.p., eirru* povch; o, ovory; ».r., sommol receptaclet *.v., lemlnot 
vt»Ule; ti, v.j, vagina), (from Kowolewski. 1907.) 




710. 36.17 — Hymenolepis <ofonu/a. (AJ Hotfelfar hooJc. (B) Hook crown fn pfoce. (from 
Krobbc, 1869.) (C) Mature segment with male S«mtalla. (D) Mature segment with (emole 
genitalia, (from M^gcfl, 1720.) 



1026 


EVERBTT E. WEHR 


species, the parasites being present in 
large numbers. Schofield (1932) reported 
heavy mortality among ducklings in 
Canada due to H. coranula. 

Hytncnolepis lanceolata (Bloch, 1782) 
Synonym. Taenia lanceolala Bloch, 1782. 
This species has been placed in the genus 
Schislocephalus Creplin, 1829. 

Description. Mature worms 3 to 13 an. 
long. Segments 20 to 40 times as wide as 
long. Suckers unanned-, rostellum with 8 
hooks, 31 to 33/i long, with handle longer 
than blade, and guard slightly salient 
(Fig. 35.18C). Genital pore at anterior 
corner of segment margin, testes S in num- 
ber, in a transverse row (Fig. S5.18D). 
Eggs not in capsules. 

Quortrup and Shillinger (1941) re- 
ported Hymenolepts sp. (probably H. 
lanceoia(a) !rom the Canadian goose in 
Utah. 

Life history. Ruszkowski (1932) demon- 
strated that larvae of this species developed 
to the cysticercoid stage in small aus- 
taceans in about 6 weeks at 9®-12‘’ C. The 
time required for the development of the 
adult worm in the primary host has not 
been determined. 

Pathology. Emez (1929) described an 
epizootic, diiefly among young geese but 
.also in some older birds. Muscular inco- 
ordination was the chief symptom. Post- 
mortem examination showed a catarrhal 
inflammation of the intestinal mucosa. 

Hymenolepis megalops Nilzsch, in Creplin, 
1829 

Synonyms. Taenia megalops Nitzsch, in 
Creplin, 1829; IVeinlondm wicgn/ob* 
(Nitzsch, in Creplin, 1829) Mayhew, 1925. 
This species has been placed in the genus 
Cloacotaenia Wolffhugel, 1938. 

Description. Mature worms 3 to 6 imn. 
long. Head very large, 1 to 2 mm. wide 
(Fig. 35.19A). Suckers and rostellum un- 
armed. Testes 3 in number. Eggs not in 
capsules. 

This tapeworm may be readily dis- 
tinguished from other species found in 
poultry by its extraordinarily large head 


and its preference for the cloaca and bursa 
Fabridt. It has been found on a number 
of occasions in wild ducks. 

Crecn et al. (1938) reported this tape- 
w'ocm from wild ducks in Minnesota. It 
has been collected on a number of oc- 
casions from wild ducks in Montana by 
Wclir. 

Life history. Unknown, 
pathology. Fillers (1923) reported a 
heavy infection svith this worm and svith 
H. coronula and Aploparaksis furcigera 
as "apparently the cause of 'going light’ 
and of deaths in ducks in England." 

Hymenolepis iritesticulata Fuhrmann, 
1906 

Synonym. Weinlandia Iritesticulata 
(Fuhrmann, 1906). This species has been 
placed in the genus Microsomacanthtis 
Lopez-Neyra, 1954. 

Description. Mature worms 25 cm. long. 
Suckers unarmed; rostellum with lO 
hooks, 32^ long (Fig. 55.20Ii). Testes 3 
in number. Eggs not in capsules. 

This spedes oi tapeworm has been re- 
ported by Linton (1927) as occurring in 
wild ducks of North America. 

Life history. Unknown. 

Pathology. Unknown. 

Hymenolepis introversa (Mayhew, 1925) 
This species has been placed in the genus 
Dicranolaenia Railliet, 1892. 

Desaiplioa. Mature worms 5 to 8 cm. 
long. Suckers unarmed (Fig, 35.2IA); 
rostellum armed with 20 hooks, 17 to 20^ 
long (Fig. 55.21B). Genital pores in an- 
terior region of right segment margins. 
Testes 3 in number, irregularly lobed. 

This species of tapeworm has been re- 
ported by Mayhew (1925) as occurring 
in the duck from Illinois. 

Life history. Unknown. 

Pathology. Unknown. 

Fimbriaria fasciolaris (Pallas, 1781) 
Synonyms. Taenia laevis Bloch, 1782; 
Diploposthe laevis (Bloch, 1782) Jacobi, 

Description. Mature worms 10 to 50 cm. 



B 

F}G. 35.19 _ HynienoIepi$ megalops. (A) Head. (8) Molwre progloltid, dorsal view (e, 
eirru*; dy, dorsal exereiory vessel; o, ovary; ic, seminal receptaclej^ », testii; u, uterus; 
va, vagina- vse, vesicula seminals extemo; vsi< vesicula semtnalis interna; vt( vitelline 
Stand; w, ventral excretory vessel). (From Yamoguti* 1940.) 
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m«nn, 1907.) 

long by 3 to 9 mm. wide. Scolcx small, 
provided with 10 hooks IG to 2ift long, 
with long handle and very short guard 
and blade; suckers unarmed. Anterior 
part of body forms a folded expansion or 
“pseudoscolcx." Genital pores unilateral. 
Testes 3 in number. Uterus continuous 
throughout strobila, breaking up posteri- 
orly into tubules, each containing several 
egg&- 

This tapeworm has been reported by 
Todd (1946) as occurring in chickens in 
Tennessee. It has also been recorded as a 
parasite of wild ducks on several occasions 
m this country 

Life history. The water flea, Diaptomus 
vulgaris, has been reported as harboring 
the cysticercoid of this tapeworm. 
Pathology. Unknown. 

SYMPTOMS 

Everything else being equal, the severity 
of the symptoms resulting from tapeworm 
infections apparently depends to some 
extent on the number of worms present, 
on the diet, and on the age of the birds. 
Few, if any, clinical symptoms are observed 
in lightly infected birds. Heavily infected 
birds sometimes show marked retardation 
in growth rate. 


Harwood and Lultcrmoscr (1938) 
demonstrated experimentally that tlic 
growth rates of -• to -l-wcck-old chicks fed 
an adequate diet and having infections 
at necropsy ranging in numbers from 15 
to 155 IlaiUielhia cesticillus were definitely 
rcurded. Ackert and Case (1938) reported 
weight retardation and reduced supr and 
hemoglobin content of the blood in 3- to 
•1-monili old birds cadi having at necropsy 
infcaions of -1 to 25 Itaillielma cesticillus. 
Levine (1938) found that the difference be- 
tween the mean weights of chickens cxjieri- 
mcnially infected with Davainea proglol- 
litia when 7 weeks of age and held under 
observation for 13 weeks was 12 per cent 
less than the controls. Alicata (1910) ex- 
perimentally tleicmnncd that birds receiv- 
ing animal-protein supplements (fish meal 
.ind dry skim milk) had, at necropsy, an 
average of M tapeworms (Hymenolepis 
exigua). while .a similar number of birds re- 
ceiving plant-pioicin supplements (yeast, 
sesame meal, peanut oil, and so)bc.in meal) 
had an average ol 6G tapeworms. Its con- 
trast to she above obsenations, Liiticr- 
moscr (1910) reported that die growili ntes 
of twenty-two l-wcek-old Rhode Island 
Red diickcns experimentally fed 1,000 
cysticerroids of Hymenotepis carioca were 
practically the s.imc as those of an equal 
number of controls held under similar con- 
ditions. 

birds ol all ages liarbor tapeworms. 
However, Ackert and Reid (1937) have 
demonstrated Uiat concomitant with ati 
increase in age of the bird iheic is a cor- 
responding increase in resistance to tap®’ 
worm infection. 

A number of dinical symptoms have 
been inadvertently ascribed to tapeworm 
infections. At the present time there ‘S 
not sufficient experimental evidence m 
show that sudi clinical symptoms as cya- 
nosis, lameness, poor feathering, and fail- 
ure to come into or stay in production 
are due solely to the presence of these 
parasites. 

DIAGNOSIS 

Diagnosis of tapeworm infection by 
examination of the fresh droppings fot 
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FIG. 35.21 -Hymenolepi* In*f0v*r»a. (A) Head. {B)Hook. (C) Pr|9lo>lldi. (D) Cirro* i 
(E) RrproducUva ergon*. (From Moyhew, 1 925.) 


the presence of eggs or segments is unre- 
liable. Even in cases of heavy infection, 
segments or eggs are sometimes absent. It 
has been shown by Harwood (1938) that 
segment production in the tapeworm 
Raillietina cesticillus occurs in cycles, seg- 
ment production being marked at first by 
a period of intense segment elimination, 
alternating with periods in which no seg- 
ments, or only a relatively few segments, 
were eliminated. 

The diagnosis of poultry taeniasis is 
best made at necropsy. The intestine of 
the supposedly infected bird is slit open 
with an enterotome, spread out flat on 
the bottom of a suitable container, and 
examined carefully for the white ribbon- 
like worms. If this method of examination 
reveals no worms, a small amount of water 
may be added to the container. The water 
will cause the worms, if present, to float 
to the surface, or they may be seen sway- 
ing back and forth in the water above the 


opened intestine. In infections involving 
tapeworms of the smaller species, the in- 
dividual worms are often so small Aat 
they are overlooked. Therefore, examina- 
tion of the intestinal scrapings under the 
binocular microscope is frequently neces- 
sary to detect such small species as 
Davainea proghitina and Amoebotaenia 
sphenoides. 

CONTROL OF POULTRY TAPEWORMS 

Prevention. When one considers the 
number of tapeworms infecting poult^ 
and their various intermediate hosts, the 
task of prevention of tapeworm infec- 
tion in birds raised under natural con- 
ditions seems impossible. Investigations 
have shown tliat many intermediate hosts 
of varying habits may serve experimentally 
as intermediate hosts of a single species of 
upeworm. To prevent birds eating the 
many species of invertebrates, such as in- 
sects, snails, and slugs, is an inconceivable 
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task. However, intermediate hosts of these 
parasites may be reduced in numbers by 
the application of certain insecticides to 
the poultry manure, as shotvn by Kartman 
et al. (1950). Laboratory tests conducted 
by these investigators showed that para- 
ihion, benzene hexachloride, dilordane, 
and DDT gave sufficiently satisfactory re. 
suits to warrant their use under field con- 
ditions. 

House flies may also be controlled by 
a spray containing 1 pint diazinon, 2 pints 
malathion, and 12 pounds of granulated 
sugar. These ingredients are mixed with 
enough water to make 27 gallons and 
should be applied lightly. One pound of 
technical malathion (emulsifiable concen- 
trate) and 20 pounds of sugar give good 
control of both adult flies and maggots 
when applied to droppings, cages, and 
supports A commercially prepared bait 
containing metaldehyde will control slugs 
and snails. It is best to apply bait in late 
afternoon or evening. Ground beetles arc 
difficult to control. These, as welt as slugs 
and snails, tend to collect under loose 
boards and other protected places where it 
IS moist, Prompt removal of these mechan- 
ical protections and elimination of moist 
feed wastes from poultry yards wilt discour- 
age their presence in such places. Grasshop- 
pers are controlled by spraying with the 
proper insecticides, poison baits, and, to 
some extent, by agricultural practices. The 
controls for stable flies, as well as house 
flies, are directed toward their breeding 
places. Moisture is necessary for the de- 
velopment of the fly larvae. Therefore, the 
prompt removal of moist feed wastes, weed 
piles, and other vegetation which has ac- 
cumulated in piles is essential. Loose piled 
strawstacks, if allowed to become wet, are 
important breeding places of the suble 
fly. Hence, straw should not be allowed to 
become wet and decayed before removaL 
Ants may be controlled by the use of ap- 
proved ant poisons. Malathion and Sevin 
may prove useful. The first step in the 
control of ants is to find the nests, if 
possible. Then an insecticide is applied to 
the nests and to the surfaces over which 


the ants craw 1. The number of earth- 
worms may be reduced considerably by 
keeping the yards dry and well drained, 
and by avoiding the accumulation of 
manure. 

The proper disposal of the droppings 
is unquestionably the most important 
single preventive measure for tlie control 
of tapeiv'orm itifcction. TJie droppings 
of infected birds are the source from 
vvhicli the intermediate hosts become in- 
fected. Tlierefore, care in removing the 
droppings frequently and disposing of 
iJiem in such manner as to prevent the 
intermediate hosts from picking up the 
tapeworm eggs or gravid segments passed 
in Uic droppings is of primary impor- 
tance. The body wastes from fann flocks 
can usually be disposed of by hauling 
them to the field and spreading thinly 
over the land. The action of the sun and 
wind will quickly dry out die droppings 
and destroy all parasitic material dial may 
be present in ihcm, since prolonged desic- 
cation is fata) to the infective stages of the 
parasites. This practice of disposing of 
poultry droppings not only serves to de- 
stroy parasitic material but also adds tre- 
mendously to the value of die land for 
growing aops. Poultry manure, when 
handled in diis way, is said to be an ex- 
cellent fertilizer for garden and field crops. 

The body wastes from backyard flocks 
usually must necessarily be handled in 
some other way, as accumulations from 
such flocks usually exceed die demands of 
the owner. In communities where large 
numbers of poultry raisers are widiin a 
short distance of each other, the droppings 
from their birds are sometimes hauled to 
one Or more centrally located storage 
sheds and retailed to tlie public at a 
reenable price. In order that the ferti- 
lizing value of poultry manure may not 
he lost, it must he stored in a suitable 
seteened-in shed which has been provided 
with a cement floor and with a roof to 
heep out the rain and snow. The screens 
e*dude the flying and crawling insects 
which may serve as intermediate hosts of 
poultry parasites. This practice naturally 
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raises the question as to how safe this 
manure is if used on land where other 
poultry are likely to run. Limited experi- 
mentation seems to indicate that much 
destruction of the tapeworm eggs may re- 
sult from the self-sterilization process 
which takes place in stored manure. 
TREATMENT 

Medication has served to reduce ap- 
preciably parasitism in many groups of 
livestock, but its applicability in the con- 
trol of poultry parasites in general is lim- 
ited. 

A drug, in order to be a satisfactory 
poultry remedial agent, must be inexpen- 
sive, highly effective, nontoxic, and easy 
to administer. It is highly essential that 
a drug designed for the purpose of re- 
moving parasites from poultry possess the 
above qualifications, since the unit value 
of the domestic fowl is usually quite low. 

A large number of drugs has been 
recommended for the removal of tape- 
worms from poultry. Guthrie and Harwood 
(1941) reported that mixtures of 0.$ to 1.0 
gm. of stannous (tin) tartrate and 0.07 to 0.2 
gm. of synthetic pelletierine hydrochloride 
removed 86.8 per cent of RaiUieiina cesti- 
cillus and 95.0 per cent of HymenoUph 
carioea from experimentally infected 
chickens. However, when used by them- 
selves, the tin compounds possessed only 
slight value for the removal of R. cesti- 
cillus. By adding small amounts of synthetic 
pelletierine hydrochloride to any of the 
various tin compounds, a synergistic ac- 
tion was obtained, thus increasing the ef- 
fectiveness of the mixture. The above 
authors (1944) found that a freshly pre- 
pared mixture of tin oleate and triethanol- 
amine effectively removed a large per- 
centage of the R. cesticillus from experi- 
mentally infected birds in some tests and 
only a small percentage of these worms in 
others. Kerr (1948) demonstrated that 
hexachlorophene (2,2'-dihydroxy-3,S'. 5» 

5'. 6, 6'-hexachIoro-diphenyImethane) at 

doses of 25-50 mg. per kg. body weight 
possesses a high efficacy in removing 
Roillietina cesticillus from chickens. How- 
ever, when used at the therapeutic level 


this drug seriously affects egg production. 

Kerr (1952) presented data to show 
that butynorate was an effective and safe 
drug for the removal of Raillietina cesticil- 
lus from chickens. W'hen administered as 
a single dose by capsule, a dose of 75 to 150 
mg. per kilogram of body weight gave 
efficacies ranging from 86 to 100 per cent. 
Edgar (1956) reported the above com- 
pound to be highly effective in removing 
six species of tapeworms, R. cesticillus, R. 
tetragona, Hymenolepis carioca, Choano- 
taema infundibulum, Davainea progloi- 
tina, and Amoebolaenia sphenoides, from 
field-infected chickens when administered 
in the feed at the rate of 500 mg. per kilo- 
gram of feed for 2 to 6 days, or by capsule 
at the rate of 125 mg. per bird, or in com- 
bination with nicotine and phenothiazine. 
A temporary drop in egg production, 
which persisted from the third through the 
tenth day after treatment, resulted from 
the use of the combination. 

Nugara and Reid (1962) tested Trithia- 
dot in the feed at the rate of 3 pounds per 
ton for 5 days, dibutyltin dilaurate (butyn- 
orate) in the feed at a 0.07 per cent level 
(or 5 days, and dibutyltin oxide via capsule 
at 65 mg. and 125 mg. doses per bird 
against the turkey tapeworm, Raillietina 
georgiensis. They reported the latter to be 
the most efficacious, removing 100 per cent 
of the worms at the lower level and 90 per 
cent at the higher level. 

Reid (1940) found that starvation of 
birds infected with the cestode Raillietina 
cesticillus for 20 to 48 hours, including 
the overnight feeding intervals of the 
chicken, resulted in the loss of the strobilae 
(minus the head) of the worms. The loss 
of the tapeworm strobilae ivas apparently 
directly due to the partial starvation of 
die parasite, as it was determined that the 
glycogen store in worms from chickens 
starved 20 hours was lowered to less than 
one-tsvelfth of that found in tapeworms 
taken from nonstarved birds. However, 
he (Reid, 1942) demonstrated that the 
tapetvorm head was not affected by the 
long period of starvation. When normal 
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feeding habits of the fowl were restored, 
new strobilae or segments were regenerated 
by the unaffected heads, and gravid seg- 
ments appeared later in the feces of the 
birds. Therefore, it is obvious that the 
practice of starving tapeworm-infected 
birds has the effect of breaking olf ilie 


strobilae and leaving the heads attached 
to the mucosa. Because of its harmful ef- 
fects on the health and growili of the birds 
and the rapid regeneration of new seg- 
ments following the starvation period, 
such a procedure is not practical. 
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Trematodes of Poxilti y 
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both the male and female organ systems 
are present in a single individual. The 
male reproductive system usually consisU 
of two testes, vasa eflereniia, a vas deferens 
which enlarges to form a seminal vesicle, 
and a copulatory organ or cirrus sur- 
rounded by a saclike structure known as 
the cirrus pouch. The female system con- 
sists of an ovary, vitelline or yolk glands, 
an ootype or chamber in which the ovum 
and yolk cells are surrounded by shell 
material, and a long slender uterus, the 
terminal portion of which is modified to 
form a vagina or metraicrm. Both the 
male and female ducts usually open into 
a cavity or genital sinus which communi- 
cates with the exterior through the genital 
pore. In most flukes the gcniul pore is 
situated ventrally in the anterior part ol 
the body. The digestive system is simple, 
and consists of a mouth, a short tube or 
prepharynx, a muscular bulb or pharynx, 
and a slender esophagus of varying length 
which branches to form the intestine: the 
intestinal branches are usually simple 
blind sacs or ceca, but in some forms U\c 
two branches are fused posteriorly (Cyclo- 
coelidae) or united and terminating in a 
common cecum (Schistosomatidae). The 
nervous system consists of ganglia located 
in the pharyngeal region and of anteriorly 
and posteriorly directed neives. The excre- 
tory system consists of an excretory pore 
that is located at the posterior end ol the 
body, a bladder, two principal collecting 
ducts, and collecting tubules which ramify 
and terminate in flame cells. 

Development. The developmental cycles 
of the trematodes of poultry are very 
complex. The eggs that are passed by the 
mature flukes customarily reach the ex- 
terior in the feces. On reaching water the 
eggs undergo embryonaiion and, in the 
course of time, hatch. The embryo or 
miracidium thus liberated swims about 
in search of a snail intermediate host. In 
some instances, as in the Cyclocoelidae 
and Schistosomatidae, the egg contains a 
fully formed miracidium at the time it is 
laid, and hatching takes place soon after 


it reaches water. In other instances, as in 
the Opisthorchiidae and Uracliylaemidae, 
the egg contains, at the lime of deposition, 
a fully formed miracidium which is not 
liberated until the egg is ingested by the 
snail host. On rcacliing a suitable location 
in die snail's tissues, the miracidium is 
transformed into a sporocyst. When fully 
developed, the spoiocyst may give rise to a 
larva provided with a moulli and gut, 
which is known as a redin, and to cercariae 
(Ediinosiomatidac and Paramphistomi- 
dac), or it may give rise to daughter 
spOTOcysls and cercariae (Schistosomatidae 
and Strigeidae). The ccrcaria consists of 
a body, which becomes die mature fluke, 
and a tail which enables it to swim about. 
In some instances the ccrcaria may be- 
come encysted in the water or on various 
objects (Paramphistomidae and Noto- 
cotylidae) or penetrate into secondary in- 
termediate hosts, such as snails, tadpoles, 
and fishes (Ediinostomalidae, Opisthor- 
chiidae, and Strigeidae), and become en- 
cysted. The encysted ccrcaria Is known as 
a mtlacercaria. When the young encysted 
fluke, or metaccrcaria, is eaten by the final 
or definitive host, the cyst wall is digested, 
and the young fluke is liberated and grow's 
to maturity. In the Schistosomatidae the 
metaccrcarial stage is omitted; the ccrcaria 
penetrates the skin of the definitive host 
and on reaching the circulatory system de- 
velops into the adult fluke. 

Importance of flukes as parasites of 
poultry. In comparison with the nematodes 
or roundworms of poultry, the flukes are 
of much less importance. In spite of the 
fact dial a large number of trematodes 
are known from poultry — about 50 species 
from die chicken, 12 from the turkey, 8 
from the guinea fowl, 2 from the peafowl. 
28 from the pigeon, 75 from the duck, and 
24 from the goose — only a few have been 
reported as causing serious injury. Many 
of the flukes of poultry have disease- 
producing potentialities, and serious losses 
may result if infections are sufficiently 
large. In the case of the trematodes, as with 
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other parasites, the amount o£ damage 
produced depends largely on llie number 
o£ individuals harbored and to a lesser 
degree on tlie organs affected. In this 
chapter consideration is given mainly to 
those trematodes occurring in the United 


States which are actually or potentially 
capable o£ causing serious loss. 

The species of flukes parasitizing poul- 
try belong to 18 families, the more im- 
portant of which may be distinguished by 
the following key: 


1. Sexes separate; parasites of the circulatory system Schistosomatidae 

HerraapWoditic; not parasites of the circulatory system 2 

2. Body fleshy, rounded or hemispherical; in cysts of skin 

Troglotrematidae 

Body elongated, usually flattened; not in cysts .... 3 

3. Intestinal brandies united posteriorly; parasites of respiratory sys- 

Cyclocoelidae 

Intestinal branches not united posteriorly 

4. With oral sucker only . - • ^ 

With both oral and ventral suckers 

5. Pharjnx ibsent; uleru! preiesliculat; parasites ot intestine and 

^ Notocotyhdae 

Pharynx present; uterus largely post-testicular; parasites of 

kidney Eucotyhdae 

6. Acetabulum or ventral sucker located at posterior end of 

Paramphistomidae 

Acetabulum or ventral sucker in middle, or anterior to middle, of 
body • • 

7. Uterus passing between testes, reaching posterior end o£ 

Uterus pretesticular ^ 

8. Cirrus pouch absent; parasites ot bile ducts . . Opisthorchiidac 

Cirrus pouch present; not parasites of bile ducts 

9. Body divided by constriction into a cup-shaped anterior portion 

and a cylindrical posterior portion tngei ae 

Body not divided as above 

10. Gonads in posterior fourth of body; ovary between jjrachylaemldae 

Gonads in middle, or posterior to middle of body; ovary in front of 

testes 

U. Oral sucker surrounded by an adoral disc anned 

large spines j- 12 

Oral sucker not surrounded by an adoral disc 

12. Vitellaria tubular; eggs corsuining eye-spotted 

posited; parasites of the conjuncuval sac . • P . 

Vitellaria follicular; eggs not containing eye-spotted 
deposited; parasites of digestive tract 
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TREMATODES OF THE SKIN 

The skin fluke belongs to the Troglo- 
tremaiidae. Members of this family have 
more or less plump, spiny bodies and fre- 
quently occur in cysts, usually in pairs. 

Collyriclum faba (Bremser, 1831) 

Synonym. Collyriclum colei Ward, 1917. 

Description. Body hemispherical, 4.2 to 
8.6 mm. long by 4.5 to 5.5 mm wide (Fig. 
36 1). Oral sucker subtenninal: acembu- 
lum absent. Testes variable m shajrc, ovary 
T shaped, suth each of the branches di- 
vided into several lobes Vitellaria in an- 
terior part of body, somewhat asymmetri- 
cal, consisting of G to 9 groups of follicles 
on each side. Uterus greatly coiled, in 
posterior part of body. Eggs 19 to 21^ 
long by 9 to 11^ wide. 

This parasite occurs encysted in the 
skin of dnekens and turkeys and of a num- 
ber of passerine birds, The cysts arc 4 to C 
mm. in diameter, and each contains two 
flukes, one usually smaller than the other 
An opening is present at the summit of 
the cyst through which the e^ of the 
flukes escape. In the United States this 
fluke has been reported from poultry in 
Minnesota where it was found in young 
chickens and turkeys by Riley and Kern- 
kamp (1924). This parasite has also been 
reported by Marotel (192G) as parasiti«ng 
turkey poults in southeastern France. 

Life history. The life history of this fluke 
is unknown. Like other members of the 
Troglotrcmatidae, this fluke undoubicdlv 



icquircs a snail primary intermediate host 
and a secondary intermediate host, which 
IS probably an arthropod. The theory of 
jegen (1917) that infection is direct, since 
he rqwrted that the eggs contained two 
embryos whicli were not miracidia but 
young flukes, is disproved by Tyzrer 
(1918), Riley and Kernkamp (1921), and 
Riley (1031) who observed miracidia es- 
caping front the eggs, as in the case of 
other flukes. Riley is of llte opinion that 
dragonfly larvae may serve as secondary 
intermediate hosts because the outbreaks 
of infection among chickens and turkeys 
which he was able to observe occurred in 
birds having access to wet or marshy 
places at a time in early summer when the 
dragonfly nymplis were emerging, Riley 
also "recovered from tJicse nymphs meta- 
cercariac whicli suggest closely the clwrac- 
tcrisiics of the adult Collyriclum.” 

Pathology. The encysted flukes are found 
mainly around the vent, but may occur 
elsewhere on the body of the affected bird 
(Fig. 3G2). In the cases studied in the 
Unitetl States iJiere were no striking symp- 
toms. but there is little doubt tliat ex- 
tremely heavy infections in young birds 
would prove fatal. In poultry of market- 
able age Uic presence of Collyriclum cysts 
would greatly decrease the value of the 
birds. 

TREMATODES OF THE EYE 

The eye flukes belong to ilie family 
Pliilopluhalmidae. They are relatively 
small trematodes with well-developed 
suckers and without spines; the gonads 
are in the posterior end of llte body, the 
ovary being in fiont of the testes; the 
yolk glands or vitellaria are tubular. 

PMophthalmus gralli Mathis and L^ger, 
1910 

Description. Body lanceolate, 3 to 6 
long by 0.9 to 1.7 ram. wide, yellow- 
ish and transparent. Oral sucker 0.285 
mm. wide; acetabulum about 0.588 mm. in 
diameter, about one-fourth of body length 
from anterior end. Genital aperature 
about midway between oral sucker and 
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acetabulum. Cirrus pouch slender, its base 
slightly distal to acetabulum. Testes oval, 
tandem, in posterior fourth of body. Ovary 
median, pretesticular. Uterus with nu- 
merous transverse loops, filling greater 
part of body from level of anterior mai^in 
of testicular zone to base of cirrus pouch: 
metraterm slender, as long as, and parallel- 
ing, cirrus pouch. Vltellaria tubular, more 
or less obscured by uterus. Eggs in uterus 
85 to IZOfi long by 39 to 55/i wide, con- 
taining fully developed miracidia. 

Life bistoxy. The life cycle (Fig. 36.3) 
has been ascertained by Alicata and Noda 
(I960) and Alicata (1962) in Hawaii, and 
by West (1961) in Indiana. The egg when 
laid contains a fully developed miracidium 
in which is found a mother redia. Hatch- 
ing takes place almost immediately on 
reaching water. Upon coming in contact 
with a suitable snail (Tarebia granifem 
mauiensis and Melanoides newcombi in 
Hawaii, and GoniofcasiV spp. and Pleu- 
rocerca acuta in Indiana) the miracidium 
penetrates and the mother redia escapes 
into the heart. According to Alicata, two 
subsequent generations of redia develop in 
die heart and digestive gland, the final 
generation giving rise to cercariac. The 


lime required for development from 
mother redia to cercaria is 3 months or 
longer. Upon emergence from the sn-ii! 
host, the ccrcariae soon encyst on any solid 
object, including ihe shells of snails and 
exoskeletons of crayfish. When eaten by 



5. 36.3 - Philophihelmu* grolli. n) j 
rcario. (3) Ency.ted m«tocerca no. W Adult. 
(From Alicota ond Nodo, IV6W.J 
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a bird host, the encysted cercaria (meta- 
cercaria) excysts in the mouth and crop, 
the young flukes migrate to the con- 
junctival sac through the naso-lacrimal 
duct; from 1 to 5 days are required for the 
exeysted metacercariae to reach the eye 
where they become mature in about a 
month. 

Pathology. The attachment of the 
worms by their suckers to the conjunctiva 
causes congestion and erosion of the mem- 
brane. The conjunctival fluid contains 
blood, fluke eggs, and active miracidia. 

Plulophlhalmus gralli has been reported 
in natural infections of the chicken, pea- 
fowl, turkey, duck, and goose in Indo- 
china and Formosa, and in experimental 
infections of chicks m the United States 
(Hawaii and Indiana). Several other 
species have been reported from domestic 
poultry as follows: P anatinur Sugimoto 
from the duck in China, P mHr<isc/j/!tinicu;i 
Tretiakowa from the duck in Russia, and 
P. problematicus Tubangui from the 
chicken and P. ri'Mlcnfir Tubangui from 
the duck in the Philippines. Recently Fen- 
ner and Fried (1961) and Fried (l%2) re- 
ported experimental infections of chicks 
with an unnamed species of Philophthal- 
mus obtained from a marine snail, Batil- 
laria minima, from Florida. In spite of 
successful experimental infections with 
this species, the fact that a marine snail is 
involved in the life cycle makes it im- 
probable that domestic poultry would be 
found infected under natural conditions 

TREMATODES OF THE 
RESPIRATORY SYSTEM 

Several species of the family Cydocoel- 
idae occur in domestic fowl. These flukes 
are relatively large and have flattened 
oval or lancet-shaped bodies. The oral 
sucker is weakly developed or absent, and 
the acetabulum or ventral sucker is absent 
or rudimentary. The digestive tract is am- 
tinuous posteriorly. The gonads are in 
the posterior end of the body with the 
ovary variously arranged with lesjKct to 
the testes.^’ 


Typlilocoelum cucumerinum (Rudolphi, 
1809) 

Synonyms. Typhlocoelum flavum (Meh- 
lis, 1831); T. obovale Neumann, 1909. 

Description. Body oval, 6 to 15 mm. long 
by 2 to 7 mm. wide, yellow in color. Mouth 
terminal, not surrounded by an oral 
sucker; acetabulum absent. Intestinal tract 
continuous posteriorly and provided wiili 
median diserlicula. Ovary and testes in 
posterior part of body, the latter deeply 
lobed. Uterus greatly convoluted, in 
median field. Eggs 15t to 180^ long by 85 
to 90^ wide. 

This fluke occurs in the trachea of wild 
waterfowl in the United States and in 
Europe: it has been reported from the 
domestic duck in South America. 

Life hbtory. Incompletely known, prob- 
ably similar to tlut of T. cymbium. 

Pathology. This fluke has been reported 
by Magalhacs (1899) in Brazil as the 
cause of suffocation promptly resulting in 
death of some domestic ducks; die flukes 
were present in large numbers in the 
tradiea and broncJii. 

Typhlocoelum cymbium (Dicsing, 1850) 
1913°*”^™ jfrac/icopfiifui sisowi Skrjabin, 

Description. Body oval, 6 to 12 ram. long 
by 3 to 6 mm, wide (Fig. 36.4) and simi- 
lar in appearance to 7*. cucumeHnum, ex- 
cept Uiat the testes are rounded instead 
of lob^. Eggs 122 to 154^ long by 63 to 
olj* wide, containing miracidia at time of 
oviposition. 

This species is not uncommon in wilt! 
waterfowl in various parts of the world, 
including the United Slates, and has been 
reported from the duck and goose. It oc- 
^rs in the trachea, bronchi, air sacs, and 
infraorbital sinus. 

history. The life history of this fluke 
has been ascertained by Szidat (1932) and 
y Stunkard (1934). The eggs, whidi con- 
tain miraddia when deposited, hatch on 
>^ing water. The miracidium swims 
about and. on coming in contact' with 
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FIG. 36.4 — Typhlecoelum cymbium (= Troche* 
ophilus kltewl). Ventral view. (From SkrjobSn. 

1913.) 

suitable snails (Menetiu planorbis, Heli- 
soma trivolvis, Planorbis comeus, Lymnoea 
or L. ovata), penetrates the tis- 
sues and liberates a redia which is present 
in the body of the miracidium. The redia 
inacases in size and gives rise to tailless 
cercariae which escape and become en- 
C)sted in the vicinity of the redia. Birds 
become infected by eating ilie snails har- 
boring the encysted cercariae. 

Pathology. The presence of large num- 
bers of these flukes in the larynx and 
trachea of birds causes death by suffo- 
cation. Light infections may cause little 
or no injury. 

Several other c)clocoelids have been 
reported as parasites of poultry, namely, 
Cyclocoelum mutabile (Zeder) from the 
goose and turkey in Europe, Asia, and 
South America; C. japonicus Kurisu from 
the diicken in Japan; and Hypliasmm 
tumidus Kossack from the goose in Europe. 

In addition to flukes of the family 
C)cIococlidae. Price (1937) reported 
Clinostomum allenuatum Oort (Clino- 
storaidac), normally a parasite of bitterns, 
from Uie traclica of a chicken in Nebraska. 
This was apparently a case of accidental 


parasitism acquired through the ingestion 
of a tadpole or }oung frog containing the 
larval duke. 

TREMATODES OF THE DIGESTIVE SYSTEM 

The digestive tract is a fasorite location 
for flukes, and a large number of species 
representing many families have been re- 
ported from this organ S)’stera. Only a few 
of the more important of these species are 
discussed here. 

Echinostomalidoa 

Flukes of this family are characterized 
by having a kidney-shaped collar or adoral 
disc arm^ with one or two rows of spines. 

Echinostoma revolutum (Froelich, 1802) 

Synonyms. Echmostorna echinatum (Ze- 
der, 1803); E. columbae Zunker, 1923: £. 
paraulum Dietz, 1909; E. miyagawai Ishii, 
1932; £. cinetOTchis Ando and Ozaki, 1923. 

Description. Body elongated, up to 22 
mm. long (Fig. 36.5). Oral sucker sur- 
rounded by an adoral disc bearing 37 
spines, 27 marginal and 5 on each ventral 
lobe. Acetabulum strongly developed, 
situated a short distance posterior to oral 
sucker. Testes variable in shape, one be- 
hind the other; ovary pretesticular; uterus 
preovarial. Eggs 94 to 126^ long by 59 to 
71#» wide. 

This trematode occurs in the intestine, 
ccca, and cloaca of a wide variety of hosts, 
including the chicken, duck, goose, swan, 
turkey, pigeon, wild waterfowl, and some 
mammals. It has been reported under a 
variety of names from practically all parts 
of the world. 

Life history. The life cycle of Echiuo- 
stoma revolulum has been ascertained by 
Johnson (1920) and by Beaver (1937). The 
larval stages develop in freshwater mol- 
lusks of the genera Planorbis, Hclisoma. 
Lyninaca, Stagnicola, and Pscudosuccinca. 
The cercariae. which arc formal in rcdiac 
and arc provided with an adoral due armed 
with spines as in die adult, escape and usu- 
ally encyt in snails and tadpoles. The final 
hosu become infected through ingestion of 
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FIG. 36.5 — Echinostema revoigtum. Ventrol 
view. (From Dietz, 1910.1 

the infected secondary intermediate hosts. 

Pathology. In most instances and in light 
infections, this fluke causes little injury. 
Heavy infections in pigeons have been 
reported from Europe by Zunker (1925), 
Krause (1925), Bolle (1925), and van 
Heelsbergen (1927b), and in these cases 
losses have resulted. Zunker stated that 
the small intestine of the affected birds 
showed hemorrhagic inflammation, and 
similar findings were reported by Bolle. 
Krause collected about 5,000 echinostomes, 
apparently E. revolulum, from eight pi- 


geons at Rostock; the more heavily para- 
stuzcd birds died, while die more lightly 
infected ones recovered after sickness last- 
ing several weeks, in the cases studied 
by Bolle, dicre was a hemorrhagic diar- 
rhea. and some of the pigeons died in an 
emaciated condition after being sick, for 4 
days. Krause reported as early symptoms 
die refusal of food, increased thirst, weak- 
ness in flight, and pronounced diarrhea; 
death occurred in 8 to 10 days following 
increased weakness. Van Heelsbergen in 
Flolland also reported a severe enteritis in 
pigeons infected with an cdiinostome 
whicli appears to be E. revolutum. The 
birds showed atrophy of the pectoral 
muscles, engorged liver, and intestinal con- 
gestion, with the lumen of the gut filled 
with a hcmonhagic catarrhal scaction con- 
taining numerous flukes, 1,550 specimens 
being present in one pigeon. In die United 
States, Beaver (1957) reported a case of 
experimental infection of a pigeon which 
developed a bloody diarrhea 10 days after 
infection. At necropsy 021 flukes were re- 
covered, the majority being in the lower 
duodenum and upper ileum. 

Hypoderaeum conoideum (Bloch, 1782) 

Synonyms. Echinostoma oxycephalum 
(Rudolphi, 1819); Opiithorcliis pianae 
Calli-Valerio, 1898; Psilochasmus lecitho- 
sus OUe. 1926. 

Description. Similar in size and appear- 
ance to Echinostoma revolulum (Fig. 
W.6). Adoral disc poorly developed, bear- 
ing a double row of 49 short spines. Eggs 
95 to lOS^A long by 61 to 68/» wide. 

This species occurs in the small intestine 
of numerous wild waterfowl and has been 
found in the chicken, goose, and pigeon. 
It has been reported from the domestic 
duck in the United States by Stunkard 
and Dunihue (1931). 

Life history. Similar to iliat of E. revo- 
lutum, snails of the genera Lymnaea, 
Stagnicola, and Planorbis serving as pri- 
mary intermediate hosts, and Planorbis 
and tadpoles serving as secondary inter- 
mediate hosts. 

Pathology, Not well known. In a duck 
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^•0. 36.4 w Hyp«deraeum <onoid«uin. V«nlrol 
view. {From Dietz, 1910.) 

experimentally infected with 40 of these 
Oukes, Vevers (1923) found a localized 
infla^tnatlQn of the infected portion of 
^e intestine, and the bird had been weak 
helore death. 

£c/ijnopar)p/iium recuryatum (Linstow, 
1873) 

Description. Body (Fig. 3G.7A) 0.7 to 
^•5 mm. long, with the anterior part 
tangly rccurtcd vcntrally. Adoral disc 
(k*g- 36.711) armed with 45 spines in a 
‘•oublc row. General organization similar 



FIG. 34.7 — Eehinoporyphium recurvotum. (A) 
Erttire worm. Ventral view. (B> Anterior end. 
(C) Encysted cercorio. (From Bittner, 19Zi I 


to that of Eckirwstoma revolulum. Eggs 
108 to 120>i long by 64 to 84^ wide. 

This parasite is widely distributed, hav- 
ing been reported from Europe, Asia, 
Africa, and North America. It occurs tn 
various wild waterfowl and has been 
found in ilie duck, chicken, and pigeon 
in Europe, in turkey poults and cluckens 
in the United States, and in the chicken 


in kfexico. , • 

Life history. Similar to that of Ecliino- 
stoma Tfvohtum. The larval stages d^ 
velop in fresh-water snails of the genera 
Lymnaca. Planorbis, and Viviparus. The 
cicariae encyst (Fig. 36.7C) m snails and 
tadpoles. After ingestion of infected snails 
and udpolcs. the flukes become mature 
in the small intestine of the final host, and 
ccRs appear in the feces in 5 to 7 days. 
Pathology. Van Hcchbcrgcn 
rcixjneJ that in HoIIanJ inlectcj diid-en 
shottattl a seterc entetius. The parattt.tea 
birds trcrc cmadatctl. anemic. 

sclopetl weakness o[ the legs. Annereaax 

F19401 in California obsersed in a 
i^Sild turkey with 267 adult ««kci m 
S upper porrion of the small m.csunc 
a “sescre inflammation of the »>‘«unri 
raueoa ttith cecal “"‘S 

ol a pasty. che«elil.c tnau »h,ch greaUy 
distended the organs. 


Psitoslemidae 
Flukes of this family 
general morphology, species 


resemble, in 
of the Ecliino- 
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siomatidae but are not prcded vtith a 
spine-bearing adoral disc. 

Ribfiroia ondatrae (Price. 1931) 


cvnonvm. Psiloslomum ondatrae Price. 

•r^armi Pautt and HoBman. 


'^Description. Elongate oval Bute mea- 
suring 16 to 3 mm. in length (Ftg. 36.8), 
Sticfe spiny. Oral sucker and acetabulum 
nell developed. Esophagus 
diverticula Testes in posterior end ol 
body ovorv prelesticular. Vitellaria con 
srlng ol r'elauvel, large lolhcle. ert.eird 
mg from level ol esophagus to P““™' 
end ol body. Uterus between ovjty and 
acetabulum. Egg. 82 to 90, long by 4a to 

^*This Buke, which was originally de- 
scribed Irom the muskrat in Canada by 
Price (1931a), occurs in the ptoventricu- 
lus ol several fish-eating birds, including 
Calilornia gull, green heron, osprey, and 
Cooper’s hawk. It has also been repotted 
in natural inlection in the d«cicn m 
Colorado by Newsom and Stout (1933), 
in domestic geese in Canada by Kingscoie 
(1951), in experimental infections in the 
Sicken, duck, pigeon, and canary by 
Beaver (1939), and parakeet and pigeon 
by Riggin (1956). 

^Life history. Similar to that of the 
echinostoraes. According to Beaver, the 
primary intermediate host is a fiesh-waier 
snail, Heliscma anlrosum percarmatum, 
and the secondary intermediate hosts arc 
fishes, including perch (Perea flavescats), 
rock bass (Amblopliles rupestns), small- 
mouth black bass (Micropterus dolo- 
mieu). pumpkin seed (Eupomolis gifr- 
bosus), bluegill (Lepomis pallidm), and 
bullhead (Ameiurus) Riggin reported 
the snail host m Puerto Rico to be Austro- 
lorbis glabratus and experimental hosu 
for the metacercariae to be the guppy 
{Lebistes reticulatus), minnow (Poecilta 
vivipara). and tadpoles. The cereaxiae 
become encysted pnnapally m the lateral 
line canal of fishes and in the cloaca of 
tadpoles. In the final host the flukes reach 
maturity in 6 to 7 days. 



flG. 36.8 - Ribeiroio 

(Newiem, Colo. St. CoM.) 


Palhology. Neusum and Stout 
outbreaks oi provenlriculiti, in two Hooks 
„I chickens in Colorado. The '“r'i, lo 
dseir appetite, stood around tvi* their 
eyes closed, and gradually wasted a y- 
Gross examination “showed a very no 
able enlargement of the proventnwlw. 
On opening this organ there seemed to oe 
a deep reddening around the orifices 
the glands. In the more extreme cases 
there appeared to be a grayish ? 

the surface, simulating ulceration (I'l^ 
36.9). Microscopic examination "showed 
that the surface of the mucous membrane 
was covered with a fibrinous exudate, the 
outer portion of which had become 
necrotic Below this necrotic area was a 
thick zone heavily infiltrated with po^- 
morphonuclear leukocytes. Under this, the 
mucous layer was quite edematous m 
which were scattered a few polymorpho- 
nuclear leukocytes and a few monocyte^ 
In a few places small abscesses had forme 
in the lower portion of the mucous mem- 
brane.” Beaver observed in experimenta 
infections in chickens and canaries that 


this fluke is fairly pathogenic, each worm 
forming in the provenUiculus a separate 
lesion which is a deeply eroded pit with 


. I rhicken showing 

FIG. 36.9-Prove^nto us (Newsom, 

lesions caused Coll.) 

a raised oriace surrounded by a canspicu. 

ous reddish to purple area. 

Sphaendiotrema (Rudolphi. 



lOlIJ 

Description. Body K)> Suckets 

0.5 to 0.85 mm. ^-Jve. Geni- 

well level o£ posterior 

lal aperture ^ in posterior 

margin o£ oral sucker. ojlier. Ovary 

end o£ body. o£ large 

preieslicular; ''itellaria .^^i bi£ur- 

follicles extending j ^ margins of 

cation to level o£ anterior mg 

testes; uterus I’ong^y 60 to 

acetabular. Eggs 90 to 105>s long y 

67^ wide. li intestine 

This fluke occurs North 

o£ the wild duck m “ P ^ {joni the 
America and has been ^ P . United 

domestic duck and swan. . ^nce 

States this trematode lesser 

(1934) as causing extensive ^ ^ 

Lup ducks near Washington D.u 
it hL also been found by htiaw 
domestic duck in ^ Szidat 

Life history. As determined by 
(1937) in Germany, the « 
fluke develops from 
Bithynia tentaculata. ^ 

cone encysted »ets.een *e ^ 

mantle ol this snail, and birds aoq 


FIG. 36.10 »P Origmol. 


6 days later. produces in wild 

Pathology. This In the 

docks a rf"' "p"rc die small intestine, 
cases studied by Prie , ^ j marked 

especially >1'' a„d oleeralion, 
congestion, portion oi the 

Ute lumen oi the 1 ^ composed 

rger;of4.Histoiosi^>f-^^^ 
niuscular, and oi acute hyper- 

testinc showed mprane showed pro- 

emia; the of ephhelinm. the 

nonneed ■‘“‘l“““°ennded in most areas. 
,iUi bemg "•''"T,?c,ration in places, the 
There was sever ' ^ling as deep as the 
ulcers irequently ejelen B „„meroU5 

powerful suckers. 


verful sucxei*. 
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v.„ir=l vi.w. (From B"'"’. »l 

■ j /SB 1 11 Suckers well developeJ. ace- 
w:de (36.11). 3uc».c ..fnimlui and ni 

labulum smaller *"4 ® j , Eggs Si 

armed wilh 1P‘““ S " 0>Sr ■>' 

100 10 115p long b? 60 lo ’V j p 

draraclers similar to ^ « “JX, ’’ 

This species occurs m the ccm 
so far it is known only . 

Ute history. According to Burns (WSO- 

encyst between the shell and mantle. About 
iSTavs are required £or the flukes to reach 
maSuy alter’ ingestion 0= encysted meu- 

“'SMogy. In inlected duckling, the 
ccca show intense hyperemia, hemorrhage 
into the lumen, and marked ulceration o[ 
the mucosa. Heavy iniections m young 
ducks may result in death. 

Strigeidae 

The strieeids are charactenied by hav- 
inz the body divided by a constriction into 
tvfo pans, an anterior cup-shaped portion 
containing the suckers and a IJ^.ar 
tongueshaped adhesive organ, and a 
cylindrical posterior portion containing 
the reproductive organs. 

Colylurm flabelUlormis (Faust, 1917) 
nesciintion. Body 0.56 to 0.85 mm. long. 

anmrior %-shapei portion 0.20 ti. 0.28 

„ lone and posterior cylindrical por- 
V o’ i s6 to 0.57 mm. long (Fig. 36.12). 

r ^ital aperture at posterior end o£ body. 

Effis ?00 m IIZP '“"S 


- — O/ZT’/’f 

S^Eauisr-iSSir— 

The Duke “'iffirited 

aShS r^d » 

The ccrcariae that escape Uom P 
maty snail inlcrmcdiate h”" P 
into’ Ollier snails and dcsclop into ‘“'o 
colllid larvae. When snails “ , 

encisted teliacolylidi are '"5““'*. 
definitive host, the worms mature m 


^ Pa’tW /Vceording tn Van Haitsma 
(1931). C. )Jo6elh/ormii digests away 
i Hum oI the intesUne ol the host and 
cltunt, a congestion uE Ore subepithelia 
tissue. The 5)mploms shnwn by tnicet 1 
ducks appear to vary gF'?'") 
iuEected duck, studied b, Van Had "a 
showed leg weakness, nervous ™ f 
ol the head and wings. d)spnea. diaith» 
and irregular appettte, while Olliers 
had been given heavy doses 0^.'’"“ . 

within a week without showing dehniie 

’’rhe only other strigeid reported m 
natural infections from poultry in 
United States is Strigea lalconts meleagr 
Harwood (1931). This parasue was 
found in viscera of turkeys at ’ 

. Texas, and so far as known is of little 
. economic importance. 

A number of strigeid flukes hare been 
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reported from poultry ia other parts of 
the world and include Sfrigea tntermetfta 
Szidat from the duck and goose in Ger- 
many and ColyliiriiJ cornutus (Rudolph!) 
from the duck, goose, swan, and pigeon 
in Europe and South America. 

Brochylaemidae 

Flukes of this family are characterized 
mainly by having the gonads in a linear 
series in the posterior end of the body, 
the ovary being situated between the 
testes. The genital pore is in the zone of 
the gonads. 

PosthaTmosiomum gallinum (Wiienberg. 

1923) 

dyauuynttf. t^lnwiznUnruw ^'innV/hmmr- 
s(omitm) hontawai Ozaki, 1925; H. an- 
namense Raillict, 1925; Ji. (P.) bawauen- 
Jit Guberlee, 1928. 

Desariptioo. Body linguiform, 3.5 to 7.4 
mm. long (Fig. 3(5.13). Oral sucker and 
acetabulum relatively well developed, the 
latter situated about one-third of body 



no. 36.13 — Pouharmeilomum golttnum. V*»»- 
«rol yl,w. IFrom SVflobin. 1924.J 


length from anterior end. Intestinal ceca 
with wide serpentine undulations. Ovary 
between testes, in posterior end of body. 
Viiellaria lateral, extending anteriorly as 
far as posterior margin of acetabulum; 
uterus extending anteriorly as far as in- 
testinal bifurcation. Eggs 29 to 32^ long 
by I8/i wide. 

This trematode occurs in the ccca of the 
cliicken, turkey, guinea fowl, and pigeon 
in Europe, Asia, and Africa. It has also 
been reported from the chicken in Hawaii 
and Puerto Rico. 

life history. According to Alicata 
(1940). the eggs contain miracidi.t when 
oviposited. When these eggs arc eaten by 
the snail Eulota stmilaris, the eggs hatch, 
and the miraci'dia enter the frier and de- 
velop into sporocjsts. The cercariae de- 
veloping in the sporocysts escape and 
leave tlie body of the snail; they may re- 
enter the same snail host or others of the 
same or a difTerent species where tlicy 
become encysted in the pericardial cavity. 
AnotJier land snail, Subulina oetona, has 
been shown to harbor die metaeercariae. 
but it has not been determined whether 
this snail may also serve as a primary in- 
termediate host. In the Orient, Euhadra 
pciiomphala, Piiilom'ycus bilineatus, and 
Euhla sieboldiana minor have been re- 
ported as capable of serving as secondary 
iiuennetliate hosts. 

Pathology. So far as known, these flukes 
cause little or no injury to their bird hosts. 

It is possible that in extreme cases of 
heavy infection, some irritation or in- 
Rammation of die ccca might result from 
the presence of the ssomu. 

Noiocotylidaa 

The notocoiylids arc small to medium- 
sized monosioracs. The ventral surface is 
Ksuaily provided tviih roirs of glands or 
ridges (absent in Pararaonostomum). 
There is no pharynx, and the tips of the 
intestinal ceca pass between the testes, 
whicli are located in the jrostcrior part of 
the body. The eggs arc small and are 
prDvidcrl wiiJi a long slender filament at 
each pole. 



1048 


EMMET W. PRiCE 


l^olocotylus imbricalus (Looss, 1895) 
Synonyms. Nolocotylus seineti Fuhr- 
mann, 1919; N. urbanensts Harrali, 194-. 
in part; N. mlesiinalis Tubangui, 1932. 

Description. Body elongate, oval, 2 to 4 
mm. long (Fig. 36.11A and B). Vtmral 
surface ^vith 3 linear rows of glands, 12 W 
16 in median row and 12 to 17 in cadt 
lateral row. Eggs (Fig. SS.HQ 17 to 20, 
long by 9 to 12^ wide. 

This species is perhaps the widest dis- 
tributed of tlte notocotylids and occurs in 
Europe, Asia, and Norlli America. It has 
been reported from ducks and numerous 
wild walerfoivl and has been reared ex- 
perimentally in the chicken. According to 
Harwood (1939), lliis fluke has been col- 
lected from domestic ducks in Oregon and 
New York. 

Life history. The Urs-al suges develop 
in the livers o! snails of the genera Bi- 
thynia, Lymnaea, and Ph)sa. When die 
cercariae escape from Ute intermediate 
host, they encyst on the shell of the snail 
or on odier objects. When the cysts are 
ingested by suitable bird hosts, the young 



FIG 36.14 — Notocotylus imbticatus (= N. svi. 
neti). (A) Venlrol view, showing glends. W) Dor- 
sol view, showing internal orgonization. (C) 
Egg. (From Fuhrmann, 1919.) 


flukes arc liberated and develop to ma- 
turity in llic rectum and ccca. 

radiology. Flukes of this genus produce 
little injury to their hosts. It is possible 
that if present in large numbers they may 
cause some inflammation of the rectum 
and ccca. 

Other species of Nolocotylus reported 
from poultry arc N. attenualus (Ru- 
dolphi) from the duck, goose, turkey, and 
chicken in Europe and Asia; N. ephemera 
(Nitiscli) from the chicken and duck in 
Europe; A*, chionis Baylis from die goose 
in Europe; and N. aegyplhcus Odhner 
from the duck in Africa (Egypt). 

Catatropis verrucosa (Froclidi), a noio- 
lolytid having a glandular keel or ndge in- 
stead of a incdi.aii row of glands, occurs in 
the duck, goose, and chicken in Europe, 
and cliickcn in the United States. Para- 
monosiotmim alveatuin (Mchlis) and /’• 
parvutit Stunkard and Dunihuc, spcci« 
without ventral glands, occur in domestic 
ducks in Europe and North Anicrica, re* 
spcctivciy. 

Paromphlstomide* 

This family comprises flukes having the 
acetabulum or ventral sucker situated at 
the posterior end of the body. Only one 
species occurs in poultry. 

Zygocotyle lurta(a (Diesing. 183C) 
Synonym. Zygwcolyfc ccratosa Stunkard, 
I91G. 

Description. Body ovate, up to 9 mm. 
long (Fig. 36.15). Oral sucker subventral, 
provided with two evaginations or 
pouches. Acetabulum terminal, large, with 
its posterior margin provided with a flap 
terminating on eadi side in a conclike pro- 
jection. Eggs 124 to 153fi long by 72 to 
90ji wide. 

This fluke occurs in die ceca of a num- 
ber of wild waterfowl and has been re- 
ported by Price (1928) from die goose in 
- the United States and by Caballero (1911) 
from the diicken in Mexico; it has also 
been reared experimentally in domestic 
ducks by \Villey (1941). 

Life history. The life history of this form 



Chapter 36: TREMATOOES OF POULTRY 


1049 



FIG. 34,15 — Zygocotyle Ignqta. Vervfral view. 
fWilley, New York Univ.) 

has been studied in detail by Willey. The 
larval stages develop in the snail H<h- 
soma arjtj-ojum. The cercariae which de- 
velop in rediae escape from the snail in- 
termediate host and encyst on such ob- 
jects as pond weeds and the shells ot 
snails; infection of the final or definitive 
host occurs when the cysts are eaten. The 
flukes mature and give off eggs in about 6 
weeks. 

Pathology. So far as known, these flukes 
produce no appreciable injury to their 
bird hosts. 

trematodes of the liver 

The trematodes of the liver of poultry 
belong for the most part to the family 
Opisthorchiidae. They are semitranspar- 
ent, usually eJongnie flukes, and occur in 
the bile ducts. Only one opisihorchiid has 
been reported as a parasite of poultry in 
the United States. This form, AmphimeTUS 
sp., was recorded by Price (1931b) from 
a turkey from North Dakota. The liver 
of this bird showed marked distention of 
the bile ducts and e,xiensive pressure 
atrophy of the liver parenchyma. 

Several opisthorchiids have been re- 
ported from ducks m various parts of the 


world and include Opislhorchis simulans 
(Looss) from Europe; O. longissimus 
(Linstow) from Russia; and Amphimerus 
anatis (Yamaguti) from Japan. Closely 
related flukes of the genus Metorchis oc- 
cur in ducks in Europe and elsewhere. 

TREMATODES OF THE URINARY SYSTEM 

The trematodes occurring in the kid- 
neys of poultry belong to the family 
Eucotylidae. These flukes lack a ventral 
sucker and a cirrus pouch and have a long 
tortuous uterus filling the greater part of 
the pre- and post-testicular fields. 

Tamerlanta bragai dos Santos, 1934 

Description. Body elongate, flat, up to 3 
mm. long (Fig. 36.16). Oral sucker sub- 
terminal, acetabulum present, minute, ac- 
cording to Stunkard (1945). Pharynx 
relatively large; esophagus absent; intes- 
tinal ceca extending to and uniting near 
posterior end of body. Testes side by side 
in middle of body; ovary more or less tri- 
angular, immediately preiesticular. Vitel* 



FIG. 36.16 — Tamerlonia bragol. Vantrol view, 
tfrom dot Santa*, 


1050 


EMMET W. PRICe 


laria lateral, cxicmlitig from lc\cl ol 
pharynx to about oiicfourili of bot!) 
length from posterior end. Uterus convo- 
luted, pre- and post-tcslictdar. Eggs SV 
long by ISp wide. 

This lUikc is found in the kidiicjj ami 
ureters of pigeons in llra/il, 1‘ucrlo Rico, 
and the Philippine Islands; it has also 
been reported from the thicken in 

Life history. Maldonado (1915) lejwitcd 
that the intcimediate host is j l.md snail, 
Si(hidiria octona: the larvae cytlc is com- 
pleted in .vboiii a month. Htrds betome 
infected upon ingestion of infected snails 
containing encysted mciacctcaiiae Eggs 
arc recoverable in the urine and cxneta 
23 davs after infection. 

Pathology. According to dos Santos 
(1931), the presence of Uie llukci in the 
kidney caused distention of the collecting 
tubules and a thickening of their vvalls. 
the lumen of the tubules being fdlcd v*iili 
amorphous .and aystalUtcd detritus. 'Uie 
parench>ma of the kidney showed ex- 
tensive cellular iiirdtralion. but the cortex 
was rarely involved. Maldonado and llofl 
man (1011) noted similar diangcs in pi- 
geons in Puerto Rico but v.crc of the 
opinion that the parasites canscti no ill 
clfeci, since birds that v>crc kept in cages 
for several months ap[>caicd unalTcctcd by 
the parasites. 

TREMATODES OF THE 
REPRODUCTIVE SYSTEM 

The flukes of the reproductive vvsteni 
belong to the Plagiorchiidac. a family 
which is char.acicrhcd by having the 
ascending and descending limbs of Uie 
uterus passing between the testes. Several 
representatives of this family occur in 
American poultry, Uie most impoitant of 
which is discussed below. 

Prosthogoiiitnus macrorchit Macy, 1931 

Description, body piriform in outline, 
5.26 to 7.56 mm. long (Fig. 3617); cu- 
ticula spiny. Intestinal ccca simple, ex- 
tending to near posterior end of body. 
Genital pore at anterior end of body, 
slightly to left of oral sucker; testes oval. 



no 34 17 - PiBVthegonIjwws matioichis. Com- 
pUl« wofm fro'W ondvcl ©I chiiken. IMocy. C©*- 
trg* ef St Themai, 5i. Fowl, MinrO 

op]>oviic cjih other and jixml onc-Utirvl 
of body length ftom jwvtctior end. Ovary 
gicailv !v>bulaievl. immediately |wvicriof 
to acetabulum, vitcllatia lateral, extend- 
ing from acti.vbulum to tcvtci. uterus widi 
numerous coils in {>uv( testicular part of 
the txxly Eggs 28,1 lung by 16,* wide, with 
spine of variable vlij|>e and length at 
aiilo|>crcui.ii {Mile. 

Thu llukc occuis in Uie bursa Fabticii 
and oviduct of the duck, cliickcn, and 
oUicr buds in the United States; it i» 
l»ailiculatly common in the lake region 
of Micliigan and .MiimcMVia. 

Life Imiory. Aieording to Macy (1931). 
'The sjsorocysi, found in the 'liver' of 
dninieofa hmom potala, pioiluccs the 
cercana directly, there being no redia 
stage. 'Ihc ccrcaria swims away from Utc 
snail host, and, if it is drawn into the 
anal opening of a suitable s|>ccics of 
dtagonlly naiad by Uie breathing move- 
ments of such a host, the tail of Uie ccr- 
caria IS lost and the mctaccrcaria thus 
formed makes its way to the muscle of 
Uie naiad, Vvhcrc it incrc.ascs to about five 
times its original site. A thick wall wiUi an 
outer radially-striated and an inner homo- 
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Paul, Minn.) 

geneous layer (Fig. 36.18) now (orms 
about the metacercaria, and the cyst usu- 
ally comes to He in the body cavity of the 
host. In the event the infected dragonfly 
naiad or adult is eaten by a suitable avian 
definitive host, the wall is digested off the 
cyst as it passes down the digestive tract 
of the bird. The worm then makes its way 
down the intestine to the cloaca and then 
to the bursa Fabricii or to the oviduct, 
where it develops into the mature trema- 
lode. Embryonated eggs produced by the 
fluke leave the host by way of the cloaal 
opening, and if they reach a lake in- 
habited by Amnicola limosa the latter be- 
come infected and sporocysts and cercariae 
develop.” The important dragonfly hosts 
of P. macTorchis belong to the genera 
Leucorrhinia, Tetragoneuria, and Epi- 
cordulia. 

Pathology. The lesions and symptoms 
caused by species of Prostliogonimus in 
Europe have been described by Hieronymi 
and Szidat (1921), Reinhardt (1922), 
Seifried (1923), de Blieck and van Heels- 
bergen (1922), and others, and in Ae 
United States by KotUn and Chandler 
(1925) and Macy (1934). The disease in 
American fowl caused by Prosthogonimus 
macroTchis is essentially the same as iliat 
in Europe caused by P. pellucidus. Af- 


fected birds lose their normal activity and 
appetite, and there is a pronounced drop- 
ping off in egg production. The eggs that 
are produced frequently have very thin 
shells or no shells. On necropsy there may 
be extreme emaciation and anemia, and 
an adhesive peritonitis. The intestines 
may show pronounced hyperemia and be 
covered with a fibrinous exudate. The 
oviduct may show similar changes, be dis- 
tended, and contain considerable exudate 
and material. In some cases there may 
be a rupture of the oviduct with the se- 
cretions, albumen and yolk material, 
present in the body cavity. Flukes are 
present in the oviduct and in the egg 
material, as well as in the abdominal 
cavity in the case of oviduct rupture. In 
some instances the peritonitis may be so 
pronounced as to be detected in the dead 
and unopened birds by the bluish-red color 
of the abdominal wall. These lesions, as 
well as the laying of thin-shelled eggs or 
of eggs with no shells, may be due to 
other causes, but it seems to be an es- 
ublished fact that the flukes may be a 
contributory cause, if not the actual cause, 
of this condition in many instances. At 
any rate, if such conditions are encoun- 
tered in areas where dragonflies are breed- 
ing, such as in the lake regions of the 
country, proslhogonimiasis should be sus- 
pected. 


TREMATODES OF THE 
CIRCULATORY SYSTEM 


All of the trematodes living in the cir- 
culatory system of birds belong to the 
family Schistosomatidae and are charac- 
terized by having the sexes separate. 
Several species, namely, Btlharziella po- 
lonica (Kowalewski). PseudobUharziella 
yokogawai (Oiso). Dendritobilharzia pul- 
verulenla (Braun). Trichobilharzm ocel- 
lala (La Valette), and CiganlobtlhaTZia 
monocotylea Szidat occur in domesuc 
waterfowl in Europe and elsewhere; but 
none of these is known to occur m this 
country. Several schistosomes are known 
from wild waterfowl in North Amenca, 
and some of them will probably be found 
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capable of infecting poultry. In spite of 
the fact that the blood flukes are senous 
parasites of man, those infecting poultry 
do not seem to cause comparable injury 
to their bird hosts. Szidat (1929) reported 
that, in infections with Dilharziella po- 
lonica, the eggs of the fluke in tlie in- 
testinal wall caused slight connective tis- 
sue proliferation and some leukocytic in- 
filtration; in infections with P. yoko- 
gawd. Oiso (1927) noted pathological 
changes in the liver and intestine and ar- 
rested growth of the bird host. 

TREATMENT OF POULTRY 
TREMATODIASES 

Owing to the fact that irematode in- 
fections of poultry are rarely diagnosed 
ante mortem, practically nothing is known 
concerning effective treatment for their 
removal. Medicinal treatment would ap 
pear to be of no value for the removal ol 
the skin fluke, Collyriclum faba, surgical in- 
cision and mechanical removal of the 
worms seeming to be the rational pro- 
cedure in such infections, 

Flukes occurring in the respiratory sys- 
tem, particularly of the nasal passages, 
trachea, and bronchi, might possibly be 
removed by inhalations of powdered drugs 
having vermicidal properties. The most 
promising of such drugs is barium anti- 
raonyl tartrate, which is highly effective 
against the poultry gapeworm. The 
method of administration of this drug is 
discussed on page 996. 

For trematodes occurring in the diges- 
tive tract, carbon tetrachloride in doses of 
I to 3 cc., depending on the kind and size 
of the bird, might be tried. In case the 
flukes are in the proventriculus or in the 
upper part of the intestine, the drug may 
be introduced directly into the former 
organ by means of a syringe and rubber 
catheter. For flukes in the lower part of 
the intestine or in the ceca, 2 to 5 cc of 
carbon tetrachloride in three to four times 
its volume of a bland oil, such as mineral 


oil or cottonseed oil, administered by rec- 
tal injection, would probably prove effec- 
tive. 

In infections with the oviduct fluke 
Prosthogonimus, carbon tetrachloride is 
again the most promising treatment. 
Sdimid (1930) reported the administra- 
tion to a hen of 1.5 cc of this drug in an 
equal amount of flour paste. On the fol- 
lowing day the bird received 1 cc of the 
drug in 8 cc of the paste, and on the 
third day 1.7 cc of the drug in the same 
amount of die paste. At this time no more 
Prosthogonimus eggs could be found in 
the feces. On the day following the last 
treatment, a mass of egg yolk containing 
nine of the flukes was found in die cage. 
The bird was then killed, and in the ovi- 
duct were found two small egg concredons 
in which several flukes were lying, and 
other flukes were imbedded in collections 
of mucus; all of the flukes apparently were 
dead. Other birds in the flock were treated, 
but the results were inconclusive. 

No drug treatment of value is known 
for the destruedon of fluke parasites of 
the excretory and circulatory systems. 

CONTROL OF POULTRY TREMATODES 

In view of the fact diat all of the trema- 
tode parasites of poultry require at least 
one snail intermediate host, measures for 
the prevention of fluke infections must 
be directed toward control or eradication 
of these mollusks, or to keeping poultry 
away from areas where the parasites may 
be acquired. The latter is the easier and 
perhaps the most certain method of pre- 
venting the birds from acquiring trema- 
tode infections, and consists of selecting 
areas for poultry raising that are as far 
removed as possible from streams or 
swampy places, or by fencing to keep the 
birds from ranging over such areas. 

The control of the snail intermediate 
hosts may be accomplished either by drain- 
ing the low, marshy places or by the us^ 
of chemicals that are toxic to die snails. 
In the case of swampy areas, drainage, 
either by means of open ditches or by the 
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use of agricultural tile, will lower the 
water table to a point where there is in- 
suificient surface moisture to enable the 
snails to propagate. If drainage should be 
coo expensive or otherwise impractical, the 
snails may be destroyed by dusting the 
area with powdered copper sulfate or 
bluestone. The copper sulfate should be 
mixed svith a carrier, such as fine sand or 
land plaster in the proportion of I pan 
of the chemical to 4 to 8 parts of the car- 
rier, and spread cither by broadcasting by 
hand or by the use of hand or power 
dusters. For destroying snails in ponds and 
small lakes, tlic powdered copper sulfate 
may be used as in Uie case of marshes. The 
ciicmical should be spread along the 
banks and in the water near the shore, as 
most of the snails will be found in tliese 
locations. 

For destroying snails in streams, burlap 
sacks containing large cr)siaJs of copper 
sulfate may be placed in liic streams at 
the uppermost part of the section to be 
treated in an amount sufTicient to give a 
concentration of 1 part of the ciiemical to 


about 500,000 parts of water. The amount 
of tlie diemical necessary may be de- 
termined by ascertaining the aoss-seciion 
area of tlie stream and multiplying by the 
velocity in order to get the flow in cubic 
feet per second. This result multiplied by 
12, which is the amount in pounds of cop- 
per sulfate necessary to give a concentra- 
tion of ilie dicmicai of I lo 500.000 for a 
21-hour period, eijuals the amount of cop- 
per sulfate needed for the treatment. For 
example, if a stream is 5 feet wide and 1 
foot deep and the velocity is 2 feet per 
second, the flow is 6 cubic feet per second: 
this result times 12 equals 72, or the num- 
ber of pounds of copper sulfate necessary 
for one treatment. Tliis concentration of 
tlie dicmicai will kill most snails but is 
not injurious to livestock; it may kill some 
fish and will destroy algae and ntosj. 

In some instances, especially with 
Pfosthogonimus, wlterc the fluke is ac- 
quired tJirough the ingestion of dragon- 
flies, keeping poultry away from the shores 
of ponds or lakes in die mornings when 
these insects are inactive is recommended. 
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Protozoa 


COCCIOIOSJS OF THE CHICKEN 
Coccidiosis i$ a general term applied to 
infection with one or more of the many 
species belonging to the Cocddla. a su^ 
division of the great protozoan class 
SPOROZOA, all of whose representa- 
tives are parasitic and devoid of specialized 
organelles of locomotion in the vegeutive 
stages. There are, however, as Tyzzer 
(1932) has emphasized, as many kinds of 
cocadiosis as there are speaes of cocddia, 
each with its characteristic symptoms. All 
known types in chickens involve the di 
gestive tract, whose cells are penetrated 
by the parasites. While coccidiosis is cosmo- 
politan and occurs in practically all kinds 
of birds, the problem is simplified some- 
what by the fact that the parasites are 
host-specific: tliat is, each species occun in 
a single species of host or limited group of 


• Grateful acknowledgment is made of the 
groundwork for this chapter by the late Bery R. 


closely related hosts. In tlie latter ease, one 
particular species seems to be the optimum 
host for the parasite. However, a particu- 
lar bird host may harbor more than one 
species of coccidia. Thus, while the problem 
of identifying species of coccidia is simpU- 
. ^ 5^6 host limitations of these para- 

sites, it is, on the other hand, complicated 
by the possibility of occurrence of multiple 
species in a single host species. 

As a group, the coccidioses of chickens 
are of more economic importance than 
^ose of any other domesticated bird, 
lirackett and Bliznick (1950) have docu- 
mented morbidity and mortality data for 
the species of Eimeria parasitizing chickens 
and have submitted evidence that losses 
are more far-reaching tlian generally recog- 
*^“tkeys, ducks, and guinea fowls 
suffer less than do chickens from coccidial 
imertion, though under certain conditions 
the infection may become serious in these 
infc. There are also on record disastrous 
outbreaks of renal coccidiosis in geese. 


[tOM] 



Chapler 37: PROTOZOA 


1057 


Pheasants and quail, when raised in cap- 
tivity, frequently suffer serious losses. 

Taxonomic relationships. Of the many 
knosvn genera of the Coccidia there are 
but two of importance: Eimeria and Iso- 
spora. They are readily distinguished on 
the basis of the development of their termi- 
nal stages, the oocysts, subsequent to pas- 
sage by the host. The freshly passed oocysts 
of both genera consist of little more than 
a compound wall and a rounded mass of 
nucleated protoplasm separated by a jelly- 
like material. In the presence of moisture 
and oxygen there characteristically de- 
velop, from the protoplasmic mass of 
Eimeria, four spores, or sporocysts, each 
containing two more or less banana-shaped 
sporozoites (Fig. 37.1). The matured cyst 
of Isospora contains but two spores, each 
holding four sporozoites. The net result 
in the case of both genera is the produc- 
tion of eight sporozoites inside each oocyst. 
Incidentally, sporozoite formation is con- 
sidered to represent the hnal phase of the 
life cycle. 


The distribution of the two genera 
among the orders of birds has been worked 
out by Boughcon (lOSTa), Boughton, 
Boughton, and Volk (1938), Boughton 
and Volk (1933), and Becker (1956) who 
along with later workers report the occur- 
rence of species of Eimeria in twelve orders 
of birds. Species of Isospora have been 
located in eleven orders of birds. It is like- 
ly tltac when sufficient numbers of hosts 
have been examined, species of Eimeria 
and/or Isospora will be found in birds of 
most orders. Our interest is limited mostly 
to the genus Eimeria, which commonly 
occurs in barnyard fowls and pigeons. 

The life c)'de. When a viable matured 
or sporuiated oocyst of the genus Eimeria 
is ingested by a bird of a sau 2 ble species, 
eight sporozoites, whose development has 
been previously discussed, escape from the 
enclosing spore and oocyst in the intestine 
of the new host and invade epithelial cells 
of the mucosa. Ordinarily the infective 
stages arc ingested with food or drink, and 
the exeystation process is facilitated by the 



i_^tiCTopyle. 
i—Fo}at intiushn. 

J-.Ooc)st Jelly. 

Endomembrane of cyst wall. 

5 Middle or "granular layer" of cyst 

vrall. 

S Exomembraae of qsC walL 

7 Spotoqsl or envelope of a spore. 

e— OoqvsUc or extra-residual body. 
$L-Stieda body of spore. 
i0__Rc£raciile globule of sporozoite 
//—Sporozoite. 

/Z_5poroqstIc or inUa-residuil body 

tJ Nucleus of sporozoite. 

// Small refraaile globule at mote at- 

tenuated end of sporozoite. 


Flo. 37.1 - DioQfommolic cepresenfalion of o motur* ooeyi» of ih* genus Eimerio. IFfom 
BeckeeJ 
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body temperature of the bird and the ac- 
tion of digestive juices. Pratt (1937) and 
Goodrich (1944) working with £ tenella, 
Ilagaki (1954) with a mixture of oocysts 
principally £. tenella, Doran and Farr 
(1962) tvith £. accruulina, and Farr and 
Doran (1962) with £. acervulim and £. 
tenella of chickens and E. meleagrimitis 
and £. gallopavonis of turkeys obseivcd 
exeystation as indicated by Iterated spo- 
rocysts and sporozoites in the digestive 
tracts of birds inoculated per os. They all 
concluded that the ooqst walls were rup- 
tured before the sporozoites escaped from 
the sporocysts. Pratt (1937) and Itagaki 
(1954) obsen’ed free spores and sporozoites 
in the crop of chicks. Doran and Farr 
(1962) and Farr and Doran (1962) reported 
that oocysts were apparently uncliangcd 
m the crop, that a high percentage were 
broken in the gizzard and the liberated 
sporocj-sts passed on into the intestine, 
where in the presence of bile and pancreat- 
ic juice the sporozoites were activated to 
escape. 

That other factors may be operating was 
demonstrated by Sharraa and Reid (1962) 
and Davies and Joyner (1962) who succeed- 
ed in producing infection in appropriate 
portions of the intestinal traa following 
subcutaneous, intravenous and intraperi- 
toncal inoculation of sporulated oocysts of 
£. tenella and other species of chicken 
coccidia. These infections were usually 
much lighter than those following ora! in- 
oculation but according to Davies and Joy- 
ner (1962) some were severe enough to 
cause death. (See also Horton Smith and 
Long, 1963.) 

Levine (1942) and Ikeda (1955) failed 
to obtain infections in chickens fed sponi- 
lated oocysts when the pancreatic ducts 
were ligated. Ikeda (1955) demonstrated 
that infection could be produced if tryp- 
sin was fed along with the oocysts. 

Gill and Ray (1954b) and Ikeda (I960) 
reported in vitro exeystation from intact 
£. tenella oocysts using preparations of 
trypsin or panaeatin. On the other 
all attempts by Pratt (1937). Goodrich 
(1944), Itagaki and Tsubokura (1953), 


Itagaki (1954), and Doran and Farr (1962) 
to excyst sporozoites m vitro from intact 
oocysts of chicken coccidia, using various 
tissue extracts, trypsin, and other commer- 
cial preparations, were unsuccessful. Ita- 
gaki (1954) reported that exeystation was 
solely due to mechanical rupture of ooqsts 
and sporocysts. Goodricli (1944) obuined 
exeystation of sporozoites from liberated 
sporocysts using artificial mixtures contain- 
ing trypsin. Doran and Fair (1962) found 
that low percentages of sporozoites could 
be exeysted from free sporocysts when 
placed in various pancreatic preparations. 
In the presence of bile or bile salts the 
action of these preparations tvas greatly 
increased. Bile alone had no effect. These 
authors showed that trypsin was one of the 
enzymes involved, but that it was not the 
only one. 

The presence of a sporozoite in the epi- 
thelial cell, or of the first generation 
trophozoite developing from it, is betrayed 
by an eosinophilic globule (an inclusion 
typical of sporozoites) observable in thin, 
stained sections. The young trophozoite, 
or schizont, is usually an ovoid or rounded 
body enclosing a nucleus in addition to 
the aforementioned globule. Growth of 
the sdtizont is accompanied by repeated 
binary divisions of the nuclear material so 
that it comes to possess a considerable 
number of nuclei by the time growth 
c^ses (Fig. 37.2). The cytoplasm segments 
about the nuclei so that there are pro- 
duced about as many fint-generation mero- 
roites as there were nuclei. Merozoites 
usually become sickle- or banana-shaped. 
Before their release from the host cell they 
are recognizable as a clump with the in- 
dividuals lying more or less parallel like 
me sections of an orange. The process just 
d^ribed, wherein a considerable number 
of merozoites are produced through asex- 
ual reproduction, is knosvn as schizogony. 
In most species of coccidia, as many of the 
nni crop of merozoites as can do so enter 
ot er epithelial cells, and the process is 
rented in a general way. So far as is now 
dehnitely known, the different generations 
o schizonts within any one species are 



FIG. 37.2 - Life cycJ. of E.I*n«llo- (After Uvine. 1961.J 


characteristic They differ in size, shape, 
number o£ tnerozoites produced, and in 
ihcir effect upon the form, location, and 
activities of the parasitized host cell. 

After several repetitions of ilie process 
of schizogony, tlicre appears a generation 
of rucrozoites that enter epithelial cells to 
*icvelop into sexual phases, or gamctocytcs. 
^0 latter are, in tlieir vounger suges. 


rounded bodies, but as growili proceeds it 
becomes evident lJut they arc of two sorts: 

(I) malc^ or microgametoq tes, in which 
growth is accompanied by many nuclear 
divisions, and (2) females, or macro- 
gainctoc)tcs. whidt also grow- but retain a 
single nucleus. From the microg:amctoc>te 
UiCTC may develop as many inicrogamcics 
as nuclei, each of which is a minute flagcl- 
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lated body Feriilization is accomplished 
by tlie penetration of the raicrogamete into 
the niacrogamete (a matured macro- 
gametocyte) through a micropyle. The re- 
sulting zygote secretes a wall about itself, 
a process in which certain cytoplasmic 
granules are involved, and it is known as 
an oocjst (Pattillo and Becker. 1955). 

After the oocysts are discharged in the 
feces of the bird the zygote divides into 
four sporoblasts. Each sporublast trans- 
forms itself into a sporocyst containing two 
sporozoites and, usually, an intraresidual 
body. The time required (or completion 
of sporulation is dependent upon temper- 
ature and oxygen supply, ^gar (1954, 
1955a) reported that the optimum temper- 
ature for rapid sporulation of E lenella 
and five other species of chicken coccidla 
varied between 28« and 29'’ C Sporulation 
£. tenella was slow and poor at 8® and 57® 
C. According to Duncan (1959) oocysts of 
the pigeon coccidium E labbeana sporu- 
lated slowly under anaerobic conditions 
\Vilson and Fairbairn (1961) stated that 
sporulation of E. acervulma oocysts did 
not occur anaerobically. (See also Ellis, 
1938b, Itagaki, 1952; Long. 1959; Smith 
and Herrick, 1944; Schwalbach. 1961b) 
Periodicity. Boughton in 1935 discovered 
diurnal gametic periodicity In infections of 
the English sparrow with Isospora. The 
oocysts appeared in the bird’s droppings 
from 3 p M. to 8 p.m each day. They com- 
menced to appear in small numbers at the 
beginning of this period, reached a peak, 
and declined again to small numbers at 
the end of the period. It was concluded 
that the periodicity of oocyst production 
was affected, at least to a certain extent, 
by the metabolism of the host, as it was 
regulated by the responses of the bird to 
light and darkness. (Cf. Schwalbadi, 1960, 
1961a and b). Levine (1942a) studied the 
periodicity of oocyst discliarge in E. neca- 
frix. E. hagani, E. maxima, E. mttis, and 
E. praecox infections of chickens. In all 
cases except E. necatrix there was a tenden- 
cy for the peak of oocyst discharge to occur 
during the 6 hours from 3 p.m. to 9 p.m. 
while in necatrix infections the highest 


ooost elimination took place between 9 
P.M and 9 a.m. The latter phenomena 
may be due to the fact that necatrix oocysts 
develop in the ceca, which do not discharge 
their content regularly. 

Etiology. There are eight valid species 
of coccidia of the genus Eimeria known to 
occur naturally in chickens. Wenyonella 
was found in chickens by Ray (1945) (see 
page 1070). Since It is practically impossi- 
ble to present anything like a complete de- 
scription of the nine species without involv- 
ing the elTect on the host, it is recommend- 
ed that the section on pathogenicity be 
read in connection with this one. 

Table 37.1 shows that the oocysts of the 
eight species of Eimeria differ in respect 
to size, shape, and sporulation time (see 
Johnson, 1938; Tyzzer, 1929; Becker, Zim- 
mermann, and Pattillo, 1955; Becker, Jes- 
sen, Pattillo, and Van Doominck, 1956; 
Becker, Zimmermann, Pattillo, and 
Farmer, 1956), Nevertheless, it is most 
dilBcuU to distinguish the species on the 
basis of oocyst characteristics alone, save 
that those of E. maxima can usually be 
readily identified by their larger size, to- 
gether with their egg shape and rough 
walls. The minimal limes that intervene 
between the feeding of sporulated oocysts 
and recovery of the next generation of 
ooc>'su in the feces are, according to Ed- 
gar (1955a), about 97 hours for Eimeria 
acervulina, 99 hours for E. mitis, 120 hours 
for E. brunetli, 123 hours for E. maxima, 
and 138 hours for E. lenella, E. necatrix, 
and E. hagani. Numbers discharged are 
scanty at first appearance but increase 
rapidly during the subsequent day or two 
until they reach a peak, after which they 
decline rapidly. The region of the in- 
tmine parasitized, the position of the para- 
sites in the intestinal mucosa, the macro- 
^pic lesions, and the clinical type are also 
important characters that help in the 
identification of species. Tyzzer and Le- 
vine have also used the cross-immunity 

test to advantage. 

Ordinarily it is difficult to identify the 
speaes on the basis of the morphology of 
the asexual stages in the intestinal wall 



E, miut E, atmtditia E. nuinnu | E. tucatrix E. ptaecox E. hagant | E. brurullt 

i^-19.8X n.7-22.7X i6.9-35.4X 12. 1-28. 9X I9.8-24.7X I5.6-20.9X 13. 6-33. 7X 

9,6-16,8; 9.2-17.5; 20.9-25.1; 10.8-23.8; 15.7-19.8; 14.3-19.5; 12.4-26.2; 

av.}5.8X13.4 av. 16.4X13 av.31. 8X22.7 av. 19.7X16.7 av.21.3X17.1 av.l9.1X17.6 av. 23.4X19, 
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uhcn pathology and other duracteristics 
are disregarded, but in die case of the E 
tenella and £. necatnx there are certain 
stages that are indubitably peculiar to 
them. The second generation sdiizont of 
£. tenella commences its development in 
an epithelial cell of the cecal epithelium 
but soon the parasitized cell grov.-s, be- 
comes rounded, and migrates into the un- 
derlying connective tissue. Tliese large 
schizonts, measuring up to by 40;i and 
subepithelial in position m the cecal wall, 
are peculiar to £. tenella. £. tiecalrix pjo- 
duces second-generation schizonts similar 
to those of £. tenella, often even larger, 
but they are located in the subepithelial 
tissues of the small intestine. 

Transmission. The only accepted natural 
meUiod of transmission has been ingestion 
of the viable sporulaied oocysts by a sus- 
ceptible host However, several workers 
have succeeded expenmentally in the 
transmission of infection by means of 
mcrozoites. 

Krijgsman (1929b) states that Ndller suc- 
ceeded in experimental transmission of 
cocadiosis to chicks through rectal injec- 
tion of mcrozoite-containing material Al- 
though Tyzzer (1929) had consistently 
failed to infect chicks with Eimeria tenella 
by cloacal injection of merozoites, Levine 
piOc) accomplished this and also in- 
fected with merozoites injected direaly 
mto the small intestine through a caUieter 
He likewise succeeded in attempted 
raerozoite infections of the crop and in- 
testine of chicks willi Eimeria maxima E 
praecox, E. necatnx, and £. hagani These 
successes encouraged Levine to express the 
opinion that under favorable conditions 
merozoite infection occurs in the field 

Most infections have their indpiency in 
oocysts admitted into the digestive ^ct 
witli food and drink or by fouling of the 
beak while scratching litter or preening 
In most pouluy houses and runs where no 
spedal preventive measures are uken 
there is ample opportunity for fecal mate^ 
rial to lodge in wet drinking or feeding 
vessels and on damp litter or soil until 
sporulation has occurred. Under such con- 


ditions the vvhole flock is likely to become 
infected sooner or later, with the prob- 
ability that certain birds will acquire much 
more massive infections than others. 

Dissemination of the oocysts is often 
more indirect. The hands, feet, and uten- 
sils of the attendants undoubtedly serve 
mechanically to convey infection from one 
building or pen to another. Flies have also 
been incriminated as mechanical vectors 
{.Allen, 1932; Krijgsman, 1929a and b; 
Baker, 1933; and Wellman, 1954). Metel- 
kill (1935) tested various species of wild and 
laboratory-bred muscoid flies and found 
them all capable of ingesting oocysts, which 
lemjined unaltered and viable in the in- 
sect gut up to 24 hours and in discharges 
until they dried. Delaplane and Stuart 
0933) found that oocysts of avian coccidia 
in maggots were destroyed or eliminated in 
the process of development of larvae into 
adult flies. Less has been said about 
beetles, cockroaches, ants, and other inver- 
tebrates, but these are also suspected as 
mechanical vectors. 

Birds and mammals visiting poultry 
runs probably carry oocysts about on their 
feet, but definite proof is lacking. There is. 
however, definite proof that oocysts, par- 
ti^larly the unsporulatcd, can pass 
through the intestines of certain animals 
and remain viable. P6rard (1933), for 
example, proved that dogs fed upon in- 
fected rabbit liver later egest the oocysts 
m such condition that they are capable of 
^rulating and infecting susceptible rab- 
and mice may pass viable oocysts 
onginating from other animals (Krijgs- 
•nan, 1929b; YakimoS and Iwanoff-Gob- 
1931; Pirard, 1933; BejJovec, 1960). 

It ts sometimes slated that both diseased 
an resistant recovered animals may act as 
contact carriers of coccidia. The statement 
IS tru^in a sense, but it is probably also 
e that a chick may be very severely 
stric en with bloody cecal coccidiosis on 
e ourth or fifth day of the infection and 
e efore elimination of oocysts has com- 
menoy) ' 


iniection, oocyst ciim 
■lO" “mmences lata on the sixth da] 
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and sometimes becomes so intense on the 
seventh or eighth day that the cecal por- 
tions of the droppings consist of little else 
than oocysts and a small amount of fluid. 
Usually the numbers passed decline rap- 
idly thereafter, until after a week or two 
they are difficult to find in the droppings 
at dl. If, however, as often occurs in heavy 
infections, the cecal content commences to 
caseate on the sixth or seventh day, there 
may be practically no oocysts passrf until 
days or weeks later when the cheesy core 
commences to liquefy. 

Herrick. Ott, and Holmes (1936b) made 
a study of the length of time chickens may 
serve as carriers of Eimeria tenella during 
a single infection. Oocysts capable of 
sporulation and producing infections were 
found enmeshed in the cecal wall from 1% 
to 7% months following the infection date. 
In general, however, the longer the in- 
fection persisted the fewer were the 
number of oocysts found, and the higher 
was the percentage of them showing un- 
mistakable signs of degeneration. 

Warner (1933) found soil previously 
seeded with the oocysts of chicken coccidla 
infective for 197 days, but not 217 and 231 
days. Delaplane and Stuart (1935), work- 
ing in Rhode Island, demonstrated that 
the oocysts of avian coccidia survived in 
soil from experimental ranges for four to 
nine months following the removal of 
chickens. In soil from a wooded range the 
oocysts remained viable at 15 and 18 
months. Farr and Wehr (1949) working in 
Maryland found that on shaded soil E. 
acerviiUna, E. tenella, and E. maxima 
oocysts remained infective for 602, 336, and 
287 days respectively. (See also KouU, 
1950; and Kogan, 1959, 1960.) 

A number of years ago the suggestion 
was frequently made that e^s become 
contaminated by excreta containing coc- 
cidia as they are being laid, and that young 
chicks can become infected by ingesting 
shell during tlie hatching process. John- 
son (1923) early minimized the impor- 
tance of this proposed method of if^ns- 
mission on the basis of the susceptibility 
of ooc)’sts to drying and certain other fac- 


tors. Tyz/er, Theiler, and Jones (1932) 
actually smeared eggs with fecal material 
and potassium dichromate solution con- 
taining Eimerta necatrix and E. piaecox 
oocysts and incubated them. When the 
chicks began to pip the shell the fecal 
material svas removed from the eggs and 


fed to susceptible chicks, but infection did 
not follow. Warner (1933) found tliat eggs 
dipped in suspensions of viable oocysts of 
poultry coccidia were not infective after 
10 to 14 days of incubation at 40-70 per 
cent relative humidity and 38-40° C. tem- 
perature. Ellis (1938a), who made a more 
detailed study of E. tenella, found no viable 
sporulated oocysts on paper strips when 
ihey svere kept at 45-70 per cent relative 
humidity and 100-104° F. for between 1 
and 2 days, but at 91-93 per cent relative 
humidity and 100-104° F. they survived 3 
and 4 days. Under conditions approxi- 
mating tliose of normal egg incubation, 
sporulated oocyis did not live on the egg- 
shell for more than a day or two. 

The presence of a few oocysts in mash 
or in the feces of cliickens does not neces- 
sarily mean that chicken coccidia are pres- 
ent. The junior author, while running a 
routine flotation on chicken feces, re- 
covered along with a number of grain mites 
a few oocysts of a species of Barrouxia. 
Some of these oocysts were also found 
within the body of one of the grain mites. 
These oocysts, elliptical in shape and rang- 
ing in size between 22.5/1-26.2^4 by 15.2^- 
I7u. contained 10 to 15 spindle-shaped bi- 
valve sporocysts and an oocystic residual 
body. Within each sporocyst was a single 

^'^HStipecificity. It is generally acknowl- 
edged that coccidia, particularly those of 
the common genus Eimeria, exhibit a 
marked degree ot host-specificily. Evidence 
to support this will be found m many pa- 
pers. some of the most pertinent of which 
are the following; Becker (1933), Corerdf 
(1928). Crooks (1934), Yakimoft 
Ol-Cobrem (1931), ° a 

zem, and Buewitsch (1932- 

Goosed (1933),' Yakimoll, J ^hrem. 

and MatsehouIsky,(19a^ (1962). 
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The experiments reported in these papers 
involved many Eimeria species of both 
mammalian and avian orgin and many 
mammalian and avian hosts, but few in- 
deed were successful mtraspecific cross-in- 
fections, some of which should be discussed 

Tyzzer and Jones (see Tyzzer, 1929) 
transferred E. dispeua from quail (bolv 
white) to turkeys and occasionally to chick- 
ens, and E. dispersa from pheasants to 
quail, but second transfers in chickens and 
turkeys did not succeed. Hawkins (1952) 
transferred £. dispersa from turkeys to 
Hungarian partridges (Perdix perdtx). Farr 
(1953) succeeded in transferring three 
species of Eimeria from Canada geese 
(Dranta canadensis) to domestic geese 
(Anser anser). £. meleagridis of turkeys was 
passed to chickens and from chickens back 
to turkeys by Steward (1947) Gill (1954a) 
reported that three species of turkey coc- 
cidia, E. meleagrtdis, E. meleagnmitis, and 
B. gallopavonts were transmissible to chick 
ens, It is to be noted that all of these suc- 
cessful attempts at cross-infection were be 
tween rather closely related groups. 

The genus Isospora seems to show more 
laxity of host-specificity, One species, Iso- 
spora lacazei, has been reported from a 
number of unrelated passerine birds Boih 
Scholtyseck (1951, 1956) and Schwalbach 
(1959, 19C0, 1961a), who have carried out 
experimental and taxonomic investigations 
on species of Isospora occurring in wild 
birds, suggested that /. lacazer may consist 
of two or more species. However, they have 
reported that, in many cases, a given species 
of Isospora has been found in many differ- 
ent species of birds. 

There have been also certain claims of 
successful interspecific infections that are 
open to serious question in view of lack of 
subsequent confirmation. Henry’s ( 1931 ) 
claims for successful passages of £. unella 
E. acervulina, and an £. mitir-like coed- 
dium (all taken originally from two spedcs 
of California quail) to baby chicks, have 
been severely questioned by Tyzzer, Theil- 
er, and Jones (1932) on the basis of cer- 
tain possible defidencles in her procedure 
Tyzzer (1929) had failed to infea twelve 


chickens with E. dispersa from the quail, 
and Venard (1933) claims to have trans- 
mitted E. ienella of quail (bobwhite) ori- 
gin to the chicken, although Patterson 
(1933) failed in infecting quail with E. 
tmella, E. mitts, E. acervulina, and E. max- 
ima of chickens. Haase (1939) reported 
that he found E. tenella in quail (Perdix 
perdix). Thus host limitations of quail 
and chicken species require further investi- 
gation. 

Many years ago wild birds, particularly 
the English sparrow, were blamed for the 
transmission of coccidiosis to fowls. Hadley 
(1910) discussed the English sparrow in 
terms that virtually condemned it as the 
source and disseminating agent in coc- 
cidiosis menacing the poultry-raising in- 
dustry in all parts of the United States. 
Smith and Smillie (1917) and Johnson 
(1923), however, pointed out that only two 
spores appeared in the developing sparrow 
coccidium, while there were four in those 
from domesticated fowls. 

Thus, the observed facts make it clear 
that, in general, coccidiosis in any particu- 
lar species of bird or mammal is a problem 
more or less peculiar to it, and that "ani- 
mal reservoirs" can usually be safely ruled 
out of consideration. It is not to be im- 
plied, however, that animals which fre- 
quent poultry runs, such as rats, mice, and 
sparrows, cannot act as passive dissemi- 
nators. 

Immunity, Flocks may almost impercep- 
tibly develop more or less protective im- 
munity to coccidiosis by repeatedly picking 
up small amounts of infective material. It 
has been emphasized time and again that 
the ideal type of environmental control of 
coccidiosis is one which permits this im- 
munizing process to proceed, rather than 
to attempt to maintain the Hock coccidia- 
free. In the latter event a severe outbreak 
would follow accidental introduction of 
the infection. Immunity resulting from 
infections is one reason older 
birds are more resistant to coccidiosis than 
°t*cs. Immunization has also been 
pr uced by artificial inoculation with 
sporulated oocysts (Farr, 1943; Dickinson, 
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Babcock, and Osebold, 1951; Babcock and 
Dickinson, 1954; Pierce, Long, and Horion- 
Smith, 1962; Rose and Long, 1962). (Cf. 
Becker, 1934, pp. 11-13, 40; Jankiewicz 
and Scofield, 1934.) Herrick (1934) found 
that chicks displayed a natural resistance, 
and that certain chicks raised from parenU 
that were particularly resistant to E. tenella 
were approximately 100 per cent more re- 
sistant than unselected chicks. (See also 
Champion, 1954; Edgar, King, and John- 
son, 1951; and Rosenberg, Alicata, and 
Palafox, 1954.) 

Various attempts have been made to 
attenuate the virulence of Eimeria tenella 
by treatment of the oocysts so as to effect 
immunity with a minimum of injury to the 
host. Jankiewicz and Scofield (1934) found 
that oocysts heated at 46® C. for 15 minutes 
before segmentation, and then fed to chick- 
ens after sporulation, conferred resistance 
to later inoculation with unheated oocysts 
and a minimum of injury to the host Wax- 
ier (1941b) X-rayed the oocysts with 
9,000r. Such oocysts, when fed to 35-day-old 
chicks, caused some drop in hemoglobin 
concentration but no deaths. The mild in- 
fection conferred almost as much resis- 
tance as a severe attack resulting from un- 
treated oocysts. Uricchio (1953) fed oocysts 
kept frozen at — 5® C. for 5 days to chicks 12 
and 15 days old, with the result that they 
developed a marked protective immunity. 

Until recently all attempts to determine 
the mechanism of immunity to coccidiosis 
have been unsuccessful. The evidence ob- 
tained by challenging previously infected 
birds with large doses of oocysts has sug- 
gested that the immunity might be re- 
stricted to the invaded tissue. In their ex- 
periments with ligated or isolated ccca 
Burns and Challey (1959) and Horton- 
Smiih, Beattie, and Long (1961) showra 
that there was a more or less generalized 
response on the part of the chicken. Re- 
sistance to E. tenella acquired by infection 
of one cecum was transferred to the unin- 
fected isolated cecum. Efforts to immunize 
birds or mammals with nonliving anti- 
genic derivatives have been uniformly un- 
successful. (Cf. Pierce, Long, and Horton- 


Smith. 1963.) Becker and Zimmermann 
(1953) reported that chicks infected with 
Eimerta tenella and injected intravenously 
with an alcoholic extract of horse kidney 
discharged fewer oocysts during the infec- 
tion than the untreated infected controls, 
though the reason remains obscure. Like- 
wise, efforts to demonstrate antibodies in 
the circulating blood have generally been 
fruitless until McDermott and Stauber 
(1954) demonstrated agglutination of mero- 
zoites of £. tenella by means of sera from 
rabbits and roosters immunized with 
formalinized merozoite suspensions. They 
also demonstrated the agglutinins in the 
sera of experimentally infected chickens. 
Using the agar-gel diffusion technique, 
Pierce. Long, and Horton-Smith (1962) de- 
tected precipitating antibodies in the sera 
of chickens immunized with doses of E. 
tenella oocysu. Although these predpitins 
could usually be demonstrated during im- 
munization. their presence was not essen- 
tial for complete resistance. Rose and 
Long (1962) found that “serum precipitins 
were produced in infections with E. 
maxima, E. acervulina, £. tenella and E. 
necatnx. A first challenge of immune fowls 
with the immunizing spedes produced 
some increase in precipitation in agar 
whereas a second challenge had no such 
effect." 

Although these investigations have 
shown that resistance is tied in with 
humoral mechanisms, the factors respon- 
sible for the immunity of chickens are yet 


■o be elucidated. 

Pathogenicity. Tyzzer, Theiler. and Jones 
[1932) state that in common poultry cer- 
lain species of coccidia are practically in- 
nocuous, while others are capable of pro- 
ducing serious, destructive outbreaks of 
disease. Eimeria mitis and E. praecox are 
renerally considered to be innocuous and 
E. haeani only slightly pathogenic. 

The pre-eminently pathogenic speaes 
are E. tenella, which so attacks the ceca 
wall as to produce an acute, heinorrhagic 
type of disease, E. necatnx, which attacks 
^ small intestine so as to produce either 
an acute initial atuck resulting m early 
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death or a lingering illness characterized 
by progressive emaciation and general un- 
thriftiness, and E. brunetu which produces 
a ncCTOtic enteritis in the lower half of the 
intestinal tract, causing more or less con- 
tinuous losses in the flock. Of less impor- 
tance as pathogens are E. maxima and E. 
acervulina. Heavy infections with these 
two species may cause weight losses and 
some deaths. 

Since the life cycles of cocddia of the 
chicken are limited, and hence indefinite 
multiplication in the host is precluded, 
the size of the infective doses of spomiated 
oocysts bears a definite relation to patho- 
genicity. It has been found that very light 
doses may produce no clinically recogniz- 
able symptoms, and that up to a certain 
point morbidity and mortality inaease in 
proportion to the size of the dose. (Cf. 
Tyzzer, 1929, Horton-Smith, 1917 iQiq- 
Gardiner, 1955.) 

Specific pathological peculiarities. £»• 
mena lenella is the cause of so<aned cecal 
or bloody coccidiosis of chicks (Figs. S7 i 
and 37.4). Involvement of the ceca rather 
than of the small intestine is one of its char- 
acteristic features. Pattillo (1959) and 
Bum, and Challey (1959) reported that the 
ipotoio.ies penetrate the sutlace epiihe- 
hunt of the cecal mucca and inignile inde- 
pendently or are ttanspotled tyithin macro- 
phage, through the lamina propria toward 
the musculam mucosae. Along with the 
macrophage, the, enter the epithelium of 
the gland, of Ltebetkilhn. The remain, let 
of the hfe cycle ., depicted on page 1067. 
The seventy of th.. type of coccidio,,, f, 
attributable to the .econd generation 
schizont, which causes infected epithelial 
cells to increase tremendously in size and 
assume a migratory habit. Through pres 
sure or otherwise there is produced suffi- 
cient degeneration of the blood vessels and 
surrounding tissues to result in bleeding 
into the ceca, and the copious bloody di® 
charges from the ceca. The discharges usu- 
ally commence to appear bloody sometime 
befoie the end of the fifth day after infec- 
tion, but a certain wateriness of the drop- 
pings is sometimes noted much earlier. 


Tire presence of thromboplastin in the 
ceca! content of infected birds after the 
fourth day (i.e., after the hemorrhage oc- 
curs) has been demonstrated by the pro- 
duction of intravascular coagulation when 
sudi cecal content was injected intrave- 
nously into chickens (Bradford, Herrick, 
and Wolfe, 1947). The presence of the 
thromboplastin in tlie cecal content is ex- 
plained by the disintegration of the cecal 
mucosa on the fifth day of the infection. 

Levine and Herrick (1954) have shown 
by means of experiments in which gastro- 
cnemius muscles of White Leghorns infect- 
ed with is. tenella (fifth or sixth day) 
and of normal birds were electrically stim- 
ulated either through the sciatic nerve or 
directly, tliat the ability of that muscle 
to do work became greatly impaired during 
the infection and fatigued earlier and more 
«vcrcly. Since the same authors (1957) 
found that the muscles of infected White 
Leghorns did more work per contraction 
per gram than did those of Plymouth Rocks 
when stimulated directly, but not when 
stimulated through the nerve, the sugges- 
tion was made that the mechanism for 
Uie difference might be an effect of the 
end-plates or allied stnictures. A 50 per 
«nt decrease in erythrocyte count and 
• ^alue and a consequent deaease 

in blood volume entirely attributable to 
Joss of erythrocytes were noted by Natt 
and Hetrick (1955. 1956) on the fifth and 
sixth days of severe cecal coccidiosis. (See 
Davies. 1960; and Natt, 
laoa.) Benke and Herrick (1954) noted 
^techial hemorrhages in the kidney 

P en^^a reaching maximum size by the 
^oi the fourth day of the infection and 
nf certain other alterations 

^vv structure. Schildt and Her- 

WK (1»55) noted that the motility of the 
j pouches was seriously dis- 

“""*5 f infection, 

in Studies of bacterial populations 

Tnk^ chickens infected with E. tenella, 
^«sson and Sarles (1948) reported that 
primarily Escherichia 
the m,’ * decrease in numbers during 
e of coccidiosis whereas lactic acid 
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FIG. 37.3 - Fi,. ipKie. of Eim.rlo foond in chidi.ni 1-17, X670. 1-4, .logo, jo d.v.^ 

opoioo^i, :-o, E. ?i;’5.“rpln"o',-or.roT.'.'":o«oT 

opIlhoiTom f;o,„?“'9 d'oy. ofl.r' lof^lloo, 'J' 

tfciid o.norolloo oi.ro.olto. mi, microgoTOlocyto. jm, oiocrogomolocyl.. 

Tyzzer, reproduced with permission of the Am. Jour. nyg.< 


producing bacteria almost disappeared. 
Conditions in the ceca were altered so as to 
favor proliferation of Clostridium per- 
f^'ingens. The authors su^ested that C. 
perfringcns and coliform organisms might 
he involved in the etiology of cecal coc- 
cidiosis. On the other hand Clark, Smith, 
and Dardas ( 1962 ) reported that, except for 


delayed release of second generation mero- 
zoites, the course of £. tenella infection in 
bacteria-free chicks was the same as that of 
conventional chicks. The gross and micrO' 
scopic lesions also appeared identical m 
emotobiotic and conventional chicks. 

Oocysts appear in the drop^gs com- 
mencing on the sixth day. Their dis- 
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FIG. 37.4 - Diagram iilujtroting the siiuotion Jio» . 

tine of fowl* and the reoction of the porasitized 'occidia in the Inles- 

2, Eimeria acervulina. 3, E. Te™ p„.u;n. 

ph„so„,). lAll »f,.r lya.r, ,.„„dp..d with P.™i..ta .'"h" Am ' jLr' H°y‘i° 


charge continues more or less continuously 
over a considerable period. Herrick, Ott, 
and Holmes (1936b) found them in the 
droppings of chickens to 7H months after 
the infection date. Their study showed 
that following infection the oocysts are en- 
meshed in the tissue of the ceca where they 
remain viable for at least lYz months. 

Eimeria necatrix attacks the small intes- 


maximum involvement near 
the middle. According to Van Doominck 
and Becker (1957). the sporozoites pen^ 
trate the epithelium of the villi and mi- 
ffrate through the lamina propria toward 
the muscularis mucosae. En route most of 
them are engulfed by macrophages which 
^nsport them into the epithelium of the 
fundi of the intestinal glands. The invaded 
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epithelial cells hypertrophy and migrate 
to the lumen of the gland fundus, mean- 
while the parasites become first generation 
schizonts. The second generation schizonts 
are similar in form and behavior to those 
of E. tenella, and like them produce the in- 
jurious effects. On the fourth and fifth 
days aggregations of these schizonts appear 
as small whitish opacities. Later, punctate 
hemorrhages appear in the center of the 
whitish areas and may become so extensive 
as to obscure them altogether. As Tyzzer 
and collaborators state, “The unopened in- 
testine thus presents a spotted appearance, 
the small whitish areas being intermingled 
with rounded, bright or dull red blotches 
of various sizes while transversely extend- 
ing reddish streaks represent hemorrhages 
along the superficial vessels.” There is pro- 
fuse hemorrhage into the intestinal lu- 
men. Joyner and Davies (I960) reported 
that the packed erythrocyte volume 
dropped 5 per cent within seven days after 
inoculation of oocysts. 

Disease produced by E. necatrix may be 
of two types — acute or chronic. The for- 
mer may result in the deadi of the bird 
5 to 7 days after infection, while in the 
latter case the bird may linger on for a 
long time with a wasting illness. During 
the acute attack blood may be observed in 
the droppings. 

In the case of Eimeria necatrix the first 
two generations of schizonts develop in the 
small intestine, the merozoites generated by 
the second generation sdiizonts migrate to 
the ceca where they invade the epithelium 
and develop, some into further generations 
of schizonts and some directly into oocysts. 
The ceca are little altered by the growth 
of the gametocytes and third generation 
schizonts. Blood drained from the small 
intestine may discolor the eccal contents. 

Oocysts appear in the droppings on the 
seventh day after infection, and ordinarily 
require 2 days to sporulate. Tyzzer found 
that far more of them are produced in light 
infections than in heavy ones. An infected 
bird may discharge oocysts over a pro- 
longed period. (See also Davies, 1956.) 

Eimeria brunetti is the third of the deli- 
nitely pathogenic species of the cJjicken. 


Levine (1912c) indicated that the various 
stages of the parasite are distributed 
throughout die mucosa of the posterior 
half of the small intestine, rectum, ceca, 
and cloaca, and also the upper portion of 
the small intestine in heavy infections. In 
moderate infections there is a thickening 
of the gut wall, a pinkish or blood-tinged 
catarrhal exudate, and there also may be in 
the mucosa short, transverse red streaks, a 
millimeter or so in length, arranged in lad- 
derlike fashion in long rows down the 
lower intestine and rectum. In severe in- 
fections there is an extensive coagulation 
necrosis and sloughing throughout the en- 
tire intestinal mucosa. Caseous cores may 
be found plugging the narrow portion of 
the ceca. but the dilated portions of the 
cecal wall are only moderately affected. Ac- 
cording to Boles and Becker (1954) the 
first generation of schizonts develops in the 
epithelium of the entire small intestine 
and ceca. Later stages are usually con- 
centrated in the lower digestive tract. 
Davies (1963) stated that E. brunetU “does 
not produce characteristic lesions in the 
intestine but infection is suggested by the 
presence of white caseous material in the 
lower intestine and rectum.” (See also 
PelMrdy, 1961; Reid, Sharma, and Keener, 
1961; Wiley, 1956; Zimmennann, 1957.) 

Eimeria maxima, the fourth of die 
pathogenic species in the chicken, is far 
less lethal than the other ilutje. Clinically, 
the recognition signs arc dilation of Uie 
small intestine and tliickening of the wall. 
The serous surface may show faint hemor- 
rhages. The content is not bloody but 
takes ilie form of viscid mucus, grayish. 


brownisli, or pinkish in color. In some 
instances the portion of tlie feces from the 
small intestine may show flecks of blood. 
Infections sometimes terminate fatally, but 
in general, large doses of oocysu produce 
temporary loss of weight, diarrhea, and a 
temporary reduction in egg production. 
(Ct Johnson. 1931; Brackett and Blizmk. 
1950; Long, 1959; SchoUyseck. 1959.) 

Oocysts appear in the droppings on me 
sixth day after infection and conunue for 
only a few days. After oocyst elimmauon 
ceases, llw bird usually possesses a high de- 
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gree of immunity to reinfection. According 
to Long (19G2) this resistance is short-lived. 
Chickens that shotved marked resistance 
to reinfection 4 weeks after their first in- 
fection were highly susceptible when re- 
inoculated 10 weeks later. The oocysts of 
this species are quite characteristic, being 
the largest of all occurring in chickens 
(about 29.3/1 by 22.6/1 on an average) and 
having a slightly roughened wall. 

Eimeria acervultna is, fortunately, not a 
severe pathogen, though it is perhaps the 
commonest of all the poultry coccidia. It 
is characterized clinically by numerous 
gray or whitish patches in the upper half 
of the small intestine, visible through tlie 
serous surface. These patches are caused 
by forming oocysts. 

That the species is not very pathogenic 
is quite likely a fair statement of the situ- 
ation. Heavy doses, however, result in con- 
siderable morbidity and mortality (Gill. 
1954b; Moynihan. 1950; Gill and Lall, 
1961; Horton-Smith and Long, 1959a and 
b; Morehouse and McGuire, 1956). 

In the northwestern part of the United 
Slates this species has a serious effect on 
pullets three or four weeks after housing. 
(See Peterson, 1949; Peterson and Munro. 
1949; Dickinson, 1939, 1941, 1949.) The 
symptoms noted were shriveled combs, 
weight loss, and cessation of egg produc- 
tion. Flock culling at this time results in 
loss of about a fourth of the birds. Egg 
production is renewed after the disease 
has run its course. The affected birds re- 
veal at necropsy the lesions of E. acervulina 
throughout the upper portion of the small 
intestine and great numbers of oocysts 
within the gut lumen. Thus it appears 
that under certain conditions E. acervulina 
is not the almost innocuous parasite that it 
appears to be under usual conditions. 

Eimeria mitis grows in the small intes- 
tine throughout its entire length, but is 
most concentrated in the upper halt It is 
definitely not a serious pathogen. The 
oocysts are small, with a tendency to the 
spherical, and usually are not abundant in 
the droppings. Joyner (1958) reported that 
laige doses of oocysts caused (1) weight re- 


tardation and limited mortality in very 
young diicks, and (2) a reduction in weight 
gain in chicks 17 to 26 days old. He found 
no evidence of hemorrhage and no gross 
lesions in any infected chicken. 

Eimeria praecox develops in the upper 
thinl of the small intestine. Tyzzer, 
Theilcr, and Jones (1932) stated that this 
spedes “elicits no appreciable inflam- 
matory reaction even in heavy infections, 
so it may be regarded as practically innocu- 
ous as far as direct injury to the tissue is 
concerned.” Johnson (1931) found that 
feeding of large doses of oocysts to mature, 
highly susceptible White Leghorn chickens 
was followed by a slight average decrease 
in egg production. (See also Levine, 1945.) 

Eimeria hagani occurs chiefly in the 
upper half of Uie small intestine. Levine 
(1938) reported that infection produces 
round hemorrhagic spots the size of a pin- 
head and a severe catarrhal enteritis in the 
dui^enum and upper half of the 
mainder of the small intestine, and com- 
paratively few such lesions in the lower 
half. Later Levine (1942a, 1915) concluded 
that this species is relatively nonpathogenic 
and that it does not produce any character- 
istic lesions by which it can be recognized. 

Etmerta mivati was established as a new 
species by Edgar and Scibold (1964). It is 
said to be moderately pathogenic, pro- 
ducing congestion, petechiae, and whitish 
opacities principally in the upper third of 
the small intestine with some spread into 
the lower small intestine, ceca, and rectum. 
The schizonts and gametocytes are located 
above the host cell nuclei in the upper in- 
testine and usually below the nuclei in the 
The oocysts (11.1/4-19.9/1 by 
0.5/r-l6.2^) are ellipsoid to broadly ovoid, 
he minimum sporulation time is 12 
hours. The prepatent period is 93 hours 
and the infection lasts from 6 to 12 days. 

Ray (1945) has described Wenyonella 
gaf/inae from 4- to 6-week-old chickens in 
iMia. Sporulated oocysts of the genus 
enyonella, like Eimeria, contain four 
spores, and each of the latter, like Iso- 
spora, contains four sporozoites. The oval 
oocysts presented a punctate surface, 
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rough in optical section, and measured 
29.5jx-35.5fi by 19.8/i-22.8^. The charac- 
teristically flask-shaped sporocysts meas- 
ured 18.8/1 by 8.0/1. At 28° C. in 2.5 per 
cent potassium dichromate solution, sporu- 
lation required 4 to 6 days. The infection 
was characterized by (I) blackish-green, 
semisolid excreta and intestinal content 
containing numerous oocysts and (2) pin- 
point hemorrhages in the mucosa and 
thickening and congestion of the terminal 
part of the intestine. Gill (1954c) reported 
that 1.7 per cent of fecal samples collected 
from various parts of India contained 
oocysts of this species. 

Scholtyseck (1954) found, in feces of 
three hens, unsporulated oocysts whose 
tygote almost filled the space enclosed by 
the wall. The oocysts, oval in shape and 
without a micropyle, ranged in approxi- 
mate size between 19/i-27/i by I5.5/i-23/i. 
When sporulated they possessed two pyri- 
fom sporocysts each containing four sporo- 
zoites. No transmissions were reported. 
The species was named Isospora galUnae. 
The validity of this species is questionable. 

Tyzzer (1929) found a species of Crypto- 
sporidium growing in the cuticular layer 
of the cecal epithelium of a few chickens. 
He tentatively identified the parasite as C. 
pawum Tyzzer, 1912, a species originally 
described from the house mouse. Levine 
(1961), doubting the accuracy of Tyner's 
identification, gave the chicken form "a 
name of its own,” C. tyzzeri. According to 
Levine the oocyst measures 4/i-5/i by 3/i 
snd contains four free sporozoites and an 
nocystic residual body. 

Htstopathology. We are indebted largely 
lo Tyzzer (1929); Tyzzer, Theiler, and 
Jones (1932): and Mayhew (1937) for 
knowledge concerning the histopalhology 
in coccidiosis of the chicken. E. tenella is 
probably by far the most important of the 
*5' ere pathogens. 

According to Pattillo (1959), penetration 
by groups of £. tenella sporozoites pro- 
duced damaging passageways or ’‘penetra- 
tion tubes” in the epithelium of villi tip- 

After transportation through the tunica 
propria and into the base of an epithelial 


cell of a cecal gland, the sporozoite rounds 
up and grows into a large schizont. The 
schizont develops about 900 merozoites and 
moves out through the distal end of the 
cell mto the lumen of the gland, pushing 
the host cell nucleus before it. The mero- 
zoites escape from the schizont, penetrate 
adjacent epithelial cells and start to grow, 
causing the host cells to round up and as- 
sume wandering habits. The host cells 
migrate into the mucosa and submucosa 
where iliey and their parasites increase in 
size to sudi an extent that by virtue of 
volume and numbers the cecal wall be- 
comes congested, blood vessels become dis- 
rupted. and leakage of blood ensues. Thus 
is explained the hemorrhage that some- 
times commences late on the fourth day of 
a heavy attack and persists through the 
sixth day. According to Tyzzer, the bird 
may literally bleed to death. 

Mayhew (1957) found that in light 
attacks severe damage to the tissue is but 
local and any destroyed epithelial or 
underlying tissues are regenerated. If 
there has been severe bleeding, a core will 
form in the lumen. In heavy attacks, on 
the other hand, a considerable area of the 
mucosa and submucosa may become con- 
gested, and the developing parasites may 
cause such disintegration of the tissue 
elements that the layers of the mucosa and 
submucosa lose their identity. There is 
such profuse discharge of blood cells, 
lymph, parasites, and tissue cells into the 
lumen of the cecum as to form a clot or 
core fitting the form of the ceca. The core 
to tlie cecal wall is adherent at first, but 
in a few days the surface liquefies so as 
to free it It may be passed with the feces 
in the course of time, though sometimes 
the cores are retained. Allen (1934) and 
Mayhew (1937) have discussed the latter 
condition. As the birds recover from the 
severe form of the disease, tlie epithelium 
in the glands and tlie tunica propria are 
restored, but in the most severely afflicted 
birds the surface epithelium between the 
glands is not renewed. (See also Gill and 
Ray, 1957: Greven, 1953; Itagaki and 
Tsubotura. 1954; and Scholtyseck. 1953.) 
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Hisiochemical studies have been made 
on the life qcle stages and lesions of 
several of the chicken species of Eimeria. 
For a detailed discussion of cytochemical 
work on both chicken and rabbit coccidia 
see Horton-Smith and Long (1963). (See 
also Gill and Ray. 1954a. b; Long and 
Rootes, 1959; Monn6 and Honig, 1954; 
Pattillo and Becker, 1955; Pattillo, 1957: 
Ray and Gill, 1954, 1955; Tsunoda and 
Itakawa, 1955; and Wilson and Fairbaim, 
1961.) 

Seasonal incidente. Under ordinary farm 
conditions, most outbreaks of coccidiosis 
occur during the months of May, June, 
July, and August. This is clearly shosvn 
by Durant and McDougle (1939) in a 
graph of 833 necropsied chickens in Mis- 
souri, Krassner (1963) observed that yields 
of £■ acervulina oocysts from birds of com- 
parable ages were higher in winter than in 
summer. In broiler raising, however, clticks 
are reared throughout the year, and out- 
breaks may occur at any time. 

Age factor. Cecal coccidiosis occurs 
principally in young chicks, but seldom in 
chose less than 10 or 11 days old. Edgar 
(1955c, 1962) stated that when chickens 
were inoculated with numbers of E. tfnella 
oocysts in proportion to body weight, there 
was signiBcantly less mortality in those 
inoculated at three days of age than among 
those inoculated when older. The greatest 
mortality was among chicks inoculated at 
four weeks of age. Nonexposed chickens 
were highly susceptible at one year of age 
(See also Gordeuk, Bressler, and Glantz, 
1951.) Many of the worst outbreaks occur 
at the age of six to eight weeks. Herrick, 
Ott, and Holmes (1936a) in tlieir study of 
experimental infections in chickens of 
different ages found that the heaviest 
mortality (72 per cent) and the greatest de- 
crease in erythrocytes (60 per cent decrease) 
occurred in chicks one month old. Mortal- 
ity and red cell decrease were also heavy in 
one-half-month- and two-month-old chicks, 
whereas in older birds (three to ten 
months) mortality was low or laedting, 
though the drop in red cell counts ranged 
from 29 per cent to 46.8 per cent. Gardiner 


(1955), who employed dosages of 50.000, 
100,000, and 200,000 sporulatcd oocysts, in- 
fected young cliickens in age groups of 1, 
2, 3, 4, 5, and 6 weeks. Tliose in the 4-wcek 
group were, in agreement with the findings 
of Herrick, Ott, and Holmes, Uie most 
severely affected, and those in tlie 2-week 
group the least. Brackett and Blunick 
(1952b) and Davies (1956) found that willi 
equal doses of oocysts, E. neca/rix was more 
pathogenic for young chickens than for 
older ones. However, Brackett and Blirnick 
(I952bi) noted that when the site of lltc 
dose of oocysts was in proportion to the 
body weight, the older birds might be more 
severely affected than younger birds. Long 
(1959) working with £. maxima and Krass- 
rrer (l%3) with E. acervulina concluded 
that on the basis of oocyst output older 
birds were more susceptible to these species 
than younger ones. Levine (1940a), m » 
study of subclinieal coccidlal infection in 
pullets at least eight months old, reported 
that tliese older birds were serving as 
abundant sources of £. milit, £. acervulina, 
E. praecox, E. maxima, E. necatrix, and E- 
tenella, although only 8 per cent showed 
gross lesions of coccidiosis. 

Effect on devclopmeot and egg produc* 
tion. hfayliew (19323, b; 1934b) has found 
that birds inoculated during the seventh 
or thineenih and fourteentli weeks are 
definitely handicapped in that they do 
not regain the weight lost during an attack 
in the following three months; i.e„ as com- 
pared with the uninfected controls. In a 
later study he showed that hens developed 
from ducks inoculated at the age of six to 
eight weeks laid 19.25 per cent fewer eggs 
than the conirals., ami di/L uat. attain 
normal weight (as determined by con- 
trols) until five or six months after the 
attack. Johnson (1931) found that inocu- 
lation of mature S.C. \Vhite Leghorns with 
large doses of either E. acervulina, E. max- 
ima, or E. tetiella oocysts resulted in com- 
plete temporary cessation of egg pro- 
duction. Dickinson (1941) reported that 
pullets receiving massive doses of E. acer- 
vuUna oocysts lost weight temporarily and 
ceased laying for 7 to 12 days. Within a 



month they had returned to normal. Ac- 
cording to Berg, Hamilton, and Bearse 
(1951) a small dose o£ E. maxima ooc^^ts 
had a similar effect on the egg production 
of While Leghorn pullets. (See also Bress- 
ler and Gordeuk, 1951; Edgar, 1960.) 

Physiological effects. Severe cecal coc- 
cidiosis, with loss of blood, causes a rise 
in blood sugar during the fifth, sixth, and 
seventh days of the infection. Artificial 
bleeding produces the same effect, while 
starvation does not (Pratt, 1940). Pratt 
(1911) later found that on the sixth day 
of the infection the glycogen content of 
the bird's muscle was less than half of 
that in normal birds starved 19 hours, 
while the liver glycogen was slightly 
higher, though more variable than 
normal. Daugherty and Herrick (1952) 
suggested that the increased blood sugar 
level ’ :.I!— !. J..., nor so 


wvci in cecal coccidiosis is due not so 
touch to bleeding as to possible interfer- 
ence with carbohydrate metabolism; they 
were able to demonstrate, in support of 
die hypotliesis, interference with phos- 
phorylative carbohydrate dissimilation by 
homogenates of tissues by an unidentified 
Riaierial present in the cecum of infected 
fowls. Also, they reported that the R.Q- 
(respiratory quotient) values of muscle 
tissue from infected fowls were lower than 
the normal on the fifth and sixth days. 

Challey (1960) observed that both acute 
cccal coccidiosis and artificial hemorrhage 
caused a marked increase in ascorbic acu 
in the adrenals of chickens. He su^csicd 
that the adrenal ascorbic acid elevation 
raight be due to blood loss alone. Challey 
(l%2) reported that adrenal corticosterone 
concentrations were also elevated in chicW 
during die early hemorrhagic phase ot 
cccal coccidiosis. , . , 

Waxier (I9lla) has demonstrated tnai 
feeding concentrated physiological sa 
solution to birds during the hcntorriiap 
plusc of the disease cilects a lesser n»c in 
blood sugar Uian when no salt is 
addition, the morultiy was Uirce u 
greater in die untreated birds than m 
salt-fed. However, he was not able to po«- 
listly attribute the beneficial cUccU o 
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have been proposed, ammonia fumigation 
seems the most practicable. Horton'Smith, 
Taylor, and Turtle (1910) obtained com- 
plete killing of the ooqsts of £. fenel/a 
with a 1.0 per cent solution of 0.83 per 
cent ammonia in 21 hours, with a 5.0 per 
cent solution in 2 hours, and with a 10 
per cent solution in 45 minutes. 

It IS important that the attendant takes 
care that he does not track fecal material 
from one house or pen to another. 

The fonn of range management advo- 
cated is the three-year rotation plan, 
wherein the range is used for chicks but 
one ^car and planted to a cereal crop and 
grass the next t\vo years. Under Urn plan 
the brooder houses are of the movable 
i)pe. Eacli house is thoroughly cleaned 
before it is transported into the clean 
range. 

The "deep litter method" of conuol- 
ling poultry coccidiosis was tested by 
Boughton (1939). It consists of the use 
of a deep layer of sawdust or shavings, 
stirred daily, over Uie entire period of 
brooding, i.e., ten or twelve weeks. The 
litter is renewed just before the advent of 
the new brood of chicks. Boughton's pre- 
liminary study did show that such litter, 
when dry, does reduce the potential 
number of sporulated oocysts through 
drying. 

Improvements in the deep and built-up 
litter methods consist of better insulation 
and ventilation of the poultry house, 
which favor dryness of the litter, and the 
use of hydrated lime in the litter. Ken- 
nard and Chamberlin (1947) have 
adopted the following procedure for com- 
bining the built-up Utter and hydrated 
lime practices in the brooder houses: At in- 
tervals of 2 to 4 weeks hydrated lime is 
scattered over the litter at the rate of 10 to 
15 lb. per 100 square feet of floor space, 
and carefully mixed with the litter at time 
of distribution in order to avoid caustic 
effccu on the feet of the birds. The litter 
is stirred and redistributed every 2 or 3 
days during the first 8 weeks and daily 
after that. Litter and lime may be 


at any time as needed, but lime is seldom 
needed after the first 4 or 5 weeks. Sucli 
litter will remain dry and fresh for 8 to 
IG weeks. Particular care sliould be taken 
to redistribute tlic litter about the water 
fountains and feed boxes. The Ohio 
Station had no coccidiosis in a brooder 
house in a season during which five succes- 
sive broods, totaling 10,000 chicks, oc- 
cupied the simciurc. Koutz (1918) doubted 
die value of liming deep litter, lliough his 
investigation proved the value of deep 
litter, properly managed, in helping the 
birds to build up protective resistance to 
£. tenella with minimal losses from the 
disease. In this and later work Koutz 
(1952a, b) showed U»at many oocysts of E. 
tenella and other coeddia, as well as ova 
of parasitic nematodes, remain alive, so 
that continuously used litter develops a 
high and dangerous conantration of 
diem. For these reasons, and also because 
of increased amounu of dust and ammonia 
fumes, there are certain haards to the life 
and hcaldi of successive groups of birds 
reared under the so-called continuous, 
built-up, deep litter method. Horton- 
Smith (1954) )jas pointetl out similar 
^ngers inherent in built-up litter when 
its depth is not maintained, but has noted 
that proper management of deep litter 
would reduce the number of viable 
oocysts, presumably largely through the 
toxic action of the ammonia produced. 
(See also Davies and Joyner, 1955; Long 
and Binsiead, 1959.) 

Treatment. The advent of the sulfona- 
mides marked a new era in suppressive and 
therapeutic drug treatment of coccidiosis. 
Levine (1939) made Uie interesting dis- 
covery that sulfanilamide suppressed the 
normal development of E. mitis, E. hagani, 

■ praecox, E. acervulina, and £. maxima, 
so that oocysts did not appear at the antici- 
iwted date, though a reduced number of 
the terminal stages appeared a few days 
alter treatment was discontinued. There 
was no effect of this drug upon £. tenella 
an £. necalrix, the two most pathogenic 
speaes which, incidentally, produce schi- 
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zonts deep in the submucosa. Sulfapyri- 
dine’s action almost paralleled that of sul- 
fanilamide (Levine, 1940b). 

Sulfaguanidine, however, when mixed 
with the ration at the pc*" level, 
prevented discharge of oocysts from chick- 
ens inoculated with E. praecox, E. mitts, E. 
maxima, and E. hagani, according to Le- 
vine (1941a). At the 1 per cent level it 
markedly reduced the severity of symp- 
toms and lesions due to E. tenella, while 
a I 14 per cent concentration was effective 
against £. necatrix. Farr and Allen (1942), 
Horton-Smith (1942), and Allen and Farr 
(1943) have attested to the prophylactic 
value of sulfaguanidine against cecal coc- 
cidiosis in mash containing 1 or 2 per cent 
of the drug, providing the treatment is in- 
stituted several days before ingestion of 
infective oocysts and continued for more 
than a week thereafter. It would seem 
from the work of Waletzky and Hugh« 
(1946) that 0.75 per cent might be the mini- 
mal requirement for marked prophylactic 
value. 

Horton-Smith and Taylor (1942, 1943, 
1945) obtained beneficial results with 
sulfamezathine (sssulfamethazine) and 
sulfadiazine in the food or drinking water 
after establishment of the cecal infection 
in chicks through induced epizootics. 
Treatment reduced mortality by 50 to 73 
per cent of that in the controls. Hawkins 
(1943) confirmed this work in general, 
and noted inhibition of the cecal txjcad- 
iosis by substituting a saturated solution 
of sulfamethazine for drinking water 96 
hours after infection. Hawkins and Kline 
(1945) found that 0.4 to 1.0 per cent in 
the feed, started 4 days after infection, 
gave more constant results than solutions 
in drinking water. Farr and Wehr (1947) 
and Wehr and Farr (1947) attributed the 
beneficial effects of sulfamethazine in E. 
tenella infection to the susceptibility of 
the second generation schizonts to the 
toxic effects of the drug. 

Swales (1914, 1946a) confirmed Horton- 
Smith’s work on sulfamezathine (s^ulfa- 
methazine), and showed that related 


compounds, sulfamerazine and its sodium 
salt were highly cocddiostatic and %vould 
check the disease when treatment ivas 
started at the first sign of bloody drop- 
pings in the flock. The levels found satis- 
factory were 2 gra. of sulfamerazine per 
pound of dry mash or 2 gra. of its soluble 
sodium salt per liter of drinking water. 
There was no advantage in continuing the 
treatment for more than 5 days. (See also 
Hawkins and Rausch, 1946; Gardiner, 
1957a.) Horton-Smith and Boyland 
(1946) have effectively treated E. tenella 
infections with 0.2 per cent sodium sul- 
famezathine or 0.1 per cent sodium sulfa- 
pyrazine in the drinking water. Asplin, 
Boyland. and Horton-Smith (1946) have 
issued the warning, however, that because 
of the dangers involved in long-continued 
administration, sulfamezathine treatment 
should not exceed one week. 

Horton-Smith (1957a) showed the rela- 
tive effects of sulfanilamide, sulfapyridine, 
sulfathiazol, sulfaguanidine, sulfadiazine, 
sulfamerazine, sulfamezathine, and sulfa- 
pyrazine on the second generation schizonts 
of Eimeria tenella and on mortality when 
administered 48 houn before infection and 
48 hours afterwards. 

The action of sulfonamides in coccidial 
infection is antagonized by para-amino- 
benzoic acid (cf. Horton-Smith and Boy- 
land. 1946; ^Valeuky and Hughes, 1946), 
a phenomenon which might indicate that 
the cocddiostatic effect of the sulfon- 
amides is upon the PAB-foIic add meta- 
bolic sequence. Continuing the work 
along this line in search of more potent 
inhibitors. Lux (1954) not only found 
certain diaminopyrimidincs and dihydro- 
uiazenes that played this role effectively, 
but he discovered synergism between 2,4- 
diamino compounds and certain sulfon- 
amides. Even sulfanilamide, ivhidi at 0.5 
per cent level in the ration permitted 89 
per cent mortality with the dosage of E. 
tenella employed, when fed at 0.025 
per cent level together with 2-4-diamino-5- 
p-chlorophenyl-C-etliylpyrimidine at the 
0.005 per cent level, prevented mortality 
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altogether. The potentiation of othenvise 
ineffective closes of sulfadintiiline, sulfa* 
quinoxaline, and sulfaguanidine by pyri- 
methamine has been reported by Joyner 
and Kendall (1955) and Kendall and Joy- 
ner (1956). (Sec also Arundel, 1959; and 
Joyner, 1960.) Another seeming synergism 
is that between aureomycin and sufameth- 
azine (Gardiner, 1957b, 1959). Levels of 
these chemicals, svhich by themselves were 
ineffective in presenting mortality and pro- 
moting growth under conditions of ex- 
posure to cecal coccidiosis, when combined 
in the mash reduced the pathological 
changes identified svith cecal coccidiosis. 

Other forms of drug prophylaxis or 
therapy in cecal coccidiosis are: (1) certain 
halogenated arsonic acids and tlteir sodium 
salts at the proper concentrations in feed 
or water (Morehouse, 1946; hforchouse and 
Mayfield. 1946; and Goble, 1949); (2) nitro- 
furans such as 5-nitro-2-furaldchyde semi- 
carbazone (“nitrofurazone") in the mash 
(Harwood and Slunz, 1949a. 1919b, 1950; 
Horton-Sraith and Long, 1952; Car- 
diner and Fan, 1954); furazolidone (about 
.006 per cent in the feed) (Harwood and 
Stunz, 1954; Wolfgang. «i al . 1957; Har- 
wood, et al., 1957); and Bifuran— a mixture 
of nitrofurazone and furazolidone (Horton- 
Smith and Long, 1959a and b; and Mc- 
Loughlin and Chester, 1959); (3) ro.m'- 
dinitrodiphenyl disulfide ("nitrophemde." 
"Megasul”) in the mash (Waletzky and 
Hughes, 1946; Waletzky ah, 1049; Brack- 
ett and Bliznick, 1949; Swales, 1950; Dick- 
inson et al., 1951; Gardiner et al., 1952); (4) 
sulfaquinoxaline in an all-mash ration 
(Delaplane et al., 1947; Delaplane and Hig- 
gins, 1948; Grumbles and Delaplane, 1948; 
Grumbles et al., 1948; Grumbles et al., 
1949; Peterson. 1948; Jungherr and Winn’ 
1949; Brackett and Bliznick, 1949); (5) Bis- 
phenols (“K6606,” ‘'K6605,” ‘‘KI409,” etc.) 
in the feed (Johnson et al , 1949; Hawkins 
and Dunlap. 1949); (6) nicarbaim (0.0125 
per cent) in the ration (Cuckler et at., 1955; 
Cuckler et al., 1956; Cuckler and Malanga, 
1956; Rubin et al., 1956; McLoughlin et 
al, 1957; (7) Trithiadol-a combination of 
bithionol and methiotriazamine (Mc- 


Loughlin and Clicstcr, 1059; McLoughlin 
el al. 1960; Stuart ct al, 19G8); (8) Cly 
carbylamidc (Ilorton-Smitli and l*ong. 
1959a and b; McLoughlin et al, 1960); (9) 
zVmprolium (Cuckler et al, I960; Mc- 
Loughlin and Gardiner, 19C2a and b); (10) 
Zoalcne (Peterson, I960): (11) Unistat 
(Morehouse and McGuire; 1959): (12) vita- 
min K (Baldwin et al, 1011; Couch, 1951; 
Harms and Tugwcll, 1956; Otto et al, 
1958). 

Nitrophenide and sulfaquinoxaline arc 
claimed to be effective against both 
£imena tenella and E. necalrix (Waletzky, 
et al, 1919). Peterson and Munro (1919) 
have found sulfaquinoxaline to be of value 
in presenting coccidiosis with E. acervulina 
in recently housed pullets, and Dickinson 
(1919) showed it to be an effective coaidio- 
sut against artificial infection with E. acer- 
vtilina in laying pullets wiiliout affecting 
body weight or egg production al the 
levels fed. Factors in the evaluation of 
coccidiosiats in poultry base been discussed 
by Cuckler et al, (1957), with a bias toward 
nicatbazin. 

Tyizcr (1929). Johnson (1932), and 
others of tlic early worken have pointed 
out the possible value of small doses of 
sporulaied oocysts ciilicr fortuitously 
picked up or intentionally administered 
in the mash as a means of establishing in 
young chickens a considerable resistance 
against infection resulting from heavier 
doses of the infective microorganisms ac- 
quired later in life. 

With the advent of drug prophylaxis 
there has become evident the desire of ex- 
perimenters to show iliat various drug 
coccidiosiats, while preventing serious dis- 
ease, do not interfere with the natural de- 
velopment of immunity to coccidial in- 
fections acquired while the birds are under 
treatment. Ripsom and Herrick (1945) 
showed that sulfadiazine in the mash at 
the 1.0 per cent level, for 24 hours com- 
mencing the sixth day of an experimental 
E. tenella infection, protected tlie test 
birds and did not interfere with the de- 
velopment of immunity. The potential 
value of sulfaguanidine for establishing 



Chapter 37: PROTOZOA 


1077 


resistance to infective oocysts of Eimeria 
tenella was demonstrated by Allen and 
Farr (1943) and Seeger and Tomhave 
(1946). Swales (1946a and b) found that 
feeding sulfamerazine in the mash early in 
the infection did not interfere with the de- 
velopment of immunity to Eimeria tenella. 
(For the effect of other sulfonamides see 
Horton-Smith, 1948.) Dickinson et at. 
(1951) reported that chicks were inoculated 
at 15 days of age with a "mild clinical dos- 
age" of Eimeria tenella, E. necatrix, E. 
maxima, E. praecox, and E. acervulina. 
Commencing 48 hours after the coccidial 
inoculation, they were fed, for 14 days, 
mash containing 0.025 per cent sulfaquin- 
oxaline and were almost as well protected 
against heavier challenging doses ad- 
ministered at the age of 57 days as were 
those in the immunized untreated group. 
Another group, treated the same except 
that it received nitrophenide in the mash 
at the 0.05 per cent level, suffered from the 
challenging doses of infected oocysts al- 
most as much as the nonimmunized, un- 
treated controls. That nitrofurazone, fed 
to chicks at levels for efficient coccidio- 
static action, did not interfere with the 
development of resistance to E. tenella is 
suggested by the works of Horton-Smith 
and Long (1952) and Gardiner and Farr 
(1954). The latter actually felt that when 
this drug was fed at levels to provide only 
partial protection, the development of re- 
sistance was actually enhanced. Cuckler 
and Malanga (1956) found that nicar- 
bazin did not adversely affect the immuniz- 
ing process, although it significantly re- 
duced the pathological effects of avian coc- 
cidiosis as well as the numbers of oocysu 
eliminated. (See also McLoughlin et al., 
1957.) Studies on the tissue phases of E, 
tenella have shown that drugs which 
effectively reduce the pathological effects 
of the organism while not affecting the 
immunizing process act diiefly on the sec- 
ond generation schizonts. (See also Horton- 
Smith, 1957a.) 

Success in developing anticoccidial drugs 
has been attended with the revelation of 
toxic properties. All of tliem are toxic 


when fed in the mash or drinking water 
at levels in excess of the manufacturers’ 
reormmendations. Lack of knowledge of 
this fact and of the proper equipment for 
uniform mixing render it inadvisable for 
other than the feed manufacturer to add 
the drug supplements to the ration. Even 
when fed at or near the recommended 
levels, unfavorable effects may become 
manifest. Considerable attention has been 
paid to blemished or mottled egg yolks, 
reduced egg size, production, and 
bleached shells when nicarbazin is fed to 
laying hens (Ott, et al., 1955; Sherwood et 
al., 1956; Polin et al, 1956 and 1957; Mc- 
Lary, 1955; Newberne and Buck, 1957; 
Weiss, 1957; Baker el al, 1956 and 1957). 
Other toxicological studies of note have 
been made on the following anticoccidial 
drugs: sulfaquinoxaline, Cuckler and Ott 
(1955), Newberne and Buck (1956); Mega- 
sul, Newberne and McDougle (1956); nitro- 
furazone, Newberne and McEuen (1957), 
Peterson and Hymas (1950), Francis and 
Shaffner (1956); furazolidone, Berg el al 
(1956), Francis and Shaffner (1956). It has 
been pointed out that dependence on drugs 
in raising poultry should not be substituted 
for sanitary practices, and that medication 
of any son should accompany efficient man- 
agement (see Horton-Smith, 1957a). Anti- 
coccidial drugs have their proper place in 
poultry management, especially so in pre- 
venting losses from cecal coccidiosis in the 
broiler industry. 

The development of drug resistance by 
coccidia seems first to have been investi- 
gated by Hanvood and Slunz (1953), who 
found none in infections with three cul- 
tures of Eimeria tenella from strains that 
had long been exposed to drug treatment 
with either nitrofurazone or sulfaquin- 
oxaline. On the other hand, Cuckler and 
Malanga (1955) noted loss of sensitivity 
to a ilierapeutically ineffective concentra- 
tion of sulfaquinoxaline by one strain of 
E. acervulina after 10 serial passages and 
by two strains of E. tenella after 5 to 10 
passages: but one strain of E. tenella did 
not become less sensitive to subopiimal 
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doses of nitrophenide, nitrofurazone, or 
nicarbazin for 15 serial passages. In addi- 
tion, their studies on 40 field strains of 
allegedly resistant coccidia resealed 43 per 
cent svere resistant to nitrophenide, 45 per 
cent to sulfaquinoxaline, and 57 per cent 
to nitrofurazone. It was not determined 
whether drug resistance in coccidia is 
attributable to selective drug action among 
different strains of the microorganism pos- 
sessing different degrees of innate suscepti- 
bility (See also McLoughlin and Gardin- 
er, 1961, l962a and b; Gardiner and Mc- 
Loughlin, 1963.) 

Swales's (1947a) "System C” for control- 
ling cocddiosis provides that battery-raised 
susceptible 3- or 4-week-oId chicks be 
placed in an “immunizing pen" wliose 
floor has previously been contaminated 
with the droppings of heavily infected 
chicks, and be given preventive treatment 
of such drugs as sulfamerazme, sodium 
sulfamerazine, sulfamezathine, or sodium 
sulfamezathine for 6 to 10 days. The birds 
ate then placed in clean dry pens for de- 
velopment to broilers or layers. 


Edgar (1955b. 1956, 1962) has developed 
a vaccine for intestinal and cecal coccidiosis 
which is claimed to achieve regulated im- 
munization of chicks on a commercial 
scale. Under his plan, 3-day-old chicks 
are starved for about three hours and then 
fed a feed freshly mixed witlt a commer- 
cially prepared culture of sporulated 
oocysts of E. tenella and tliree to five other 
species of chicken coccidia. The chicks de- 
velop mild infections and seed the litter 
with oocysts which undergo sporulation 
and in turn become infective. These in- 
fective oocysts are picked up by the birds 
on tlic newly contaminated litter, and re- 
infections result. To prevent serious 
disease, a low level of a coccidiostat is 
administered until the birds are 5 to 6 
weeks old. The chicks arc supposed to 
have acquired enough partial immunity 
during this period to withstand further 
exposures. Levine (1961) stated that al* 
iliough this system has often worked well, 
(here have been too many failures to justi- 
fy recommending its general use. 
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turkey poults. Hawkins (1952) considered 
it to be the cause of the most serious coccid- 
ial infection of turkeys. With a dose of 
50,000 oocysts he was able to produce up 
to 100 per cent mortality in poults two to 
three weeks of age. He mentioned that 
there was some evidence of age resistance. 
Clarkson and Gentles (1958) confirmed this 
observation and slated that ''although age 
resistance develops early, reduction in 
weight gains occurs in previously uninfect- 
ed birds of all ages and can cause severe 
economic loss.” 

There are no symptoms characteristic of 
this infection. According to Hawkins 
(1952) and Clarkson and Gentles (1958) 
the birds appear normal until the end of 
the fourth day after infection when they 
begin to cheep and huddle together tvith 
drooping wings and rufiled feathers. The 
feces become fluid and contain some flecks 
of blood. Hawkins (1952) stated that cylin- 
drical pellets, two to three centimeters 
long, appear in the feces on the fifth and 
sixth days after infection, whereas Clark- 
son and Gentles (1958) reported that on the 
sixth day, the feces consist “of a foul-smell- 
ing, dark brown liquid material contain- 
ing small streaks of dark blood.” Deaths 
usually occur on the fifth, sixth, and 
seventh days after infection. 

The following description of the life 
cycle is based on the work of Clarkson 
(1959a). Both asexual and sexual gener- 
ations occur in the upper small intestine 
with some spread of the latter into the 
lower intestinal tract. All stages, except the 
first generation schizont, develop both 
above and below the host cell nucleus with 
the majority occurring above. The sporo- 
zoite invades the tip of the villus and, like 
the sporozoite of E. necatrix, passes 
through the lamina propria into the base of 
a cell in the glandular epithelium where it 
grows into the first generation schizont con- 
taining 80-100 merozoites. These rocro- 
zoites invade adjacent epithelial cells and 
develop into second generation schizonts 
with 8-lG merozoites. Third generation 
schizonts are somewhat similar to second 
but are restricted to villus epithelium; and 


merozoites formed within them penetrate 
surface epithelium particularly at the tips 
of the villi, where they develop into 
gametocytes. According to Tyzzer (1929) 
and Hawkins (1952) the prepatent period is 
six days whereas Clarkson (1959a) reported 
it to Ik 114-118 hours. 

Gill (1954) reported success in infecting 
week-old chickens with this species of tur- 
key origin, but confirmation would seem 


to be required. 

Eimeria dispersa Tyzzer, 1929, of quail 
origin was transmitted to three turkeys by 
Tyzzer (1929). The second transfer, how- 
ever, did not succeed, suggesting an imper- 
fea adaptation to the turkey, but the trans- 
fer of the same organism from the turkey 
back to tlie quail was successful. Hawkins 
(1952) found numerous infections in tur- 
keys and he succeeded in transmitting it 
from tlie turkey to bobwhite and Hungar- 
ian partridges (Perdix perdix). Moore and 
Brown (1952) also accomplished infection 
of both quail and turkeys with this species, 
but, according to Moore (1954), they were 
unable to infect pheasants with it. 

According to Hawkins (1952) the para- 
sites develop mainly in the epithelial cells 
of the villi of the upper part of the small 
intestine of turkeys, superficially to the 
nucleus of the host cell. The main gross 
lesions are dilation of the small intestine 
and creamy, sticky mucoid material in the 
lumen of m anterior half. The tips of the 
villi show necrosis on the fourth day. No 
marked clinical symptoms are noted except 
the tendency to produce liquid feces and 
slight depression in weight gains. 

Eimeria gallopavonh was first men- 
uoned by Hawkins (1950a) as a parasite of 
turkeys and the Hunganan partridge. The 
first published description of the spea«. 
however, was by Moore and Brown (19al) 
fsee Table 37.2), who attributed its name 
to Hawkins (1950a). As used by Haw- 
kins. lioweser, gallopavoms is a nomen 
nudum. Hawkins (1952) 
plete description and stated that further 
study would be required to determine its 
pathogenicity. According to Farr et al. 
(1961) and Wehr et al. (1962) experimental 
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infections of E. gallopavonis were highly 
pathogenic for 3- to 6-week-old poults and 
caused marked symptoms and some mortal- 
ity in ll-week-old poults. Except for a 
reduction in feed consumption and slight 
weight losses among heavily infected birds 
on the fifth day after infection the poults 
usually appeared normal until the sixth 
day when they ate little or nothing, be- 
came somnolent, and discharged fluid, 
blood-tinged droppings, hfany poults lost 
weight and a few died on the sixth day. 
Death occurred in greatest numbers on 
die seventh, eighth, and ninth days and 
continued in diminishing numbers through 
the twelfth day. In severe infections the 
entire mucosa of the lower small intestine, 
the rectum, and the proximal portions of 
the ceca contained marked inflammatory 
changes. On the seventh and eighth days 
a milky-white exudate, composed princi- 
pally of oocysts, was present throughout 
these areas. 

According to Hawkins (1952) develop- 
ment occurs principally in the epithelial 
cells of the rectum, and, to a lesser extent, 
of the ileum and ceca. Marked edema, 
sloughing, and lymphocytic infiltration 
were noted in sections of the affected tis- 
sues. 

Transmission of this species from the 
turkey to ^veek-old chickens is claimed by 
Gill (1954), but it requires confirmation. 

Eimeria adenoeides Moore and Brown, 
1951, causes a severe enteritis in the lower 
small intestine, ceca, and large intestine 
resulting in up to 100 per cent mortality 
in )oung poults and diarrhea and reduced 
weight gains in poults 9 to II weeks of 
age (Clarkson and Gentles, 1958; Clarkson. 
1958). According to Moore and Drowm 
(1951), “there were no marked diflerences 
m gross pathology to distinguish this spe- 
cies from others affecting turkeys, other 
than the site of the infection." The affect- 
ed regions were dilated, slightly edema- 
tous, and whitish in color owing to the 
presence of a caseous exudate containing 
enormous numbers of oocjsts. 

S)mptoms have been described by Moore 
and Brown (1951), Clarkson and Gentles 


(1958), and Clarkson (1958). The birds 
behave normally until the fourth day after 
infection when they eat less food and hud- 
dle together Their feces become fluid 
and contain mucus and small amounts of 
blood. On the sixth and seventh days the 
feces are composed almost entirely of yel- 
low cheesy casts and subsequently become 
normal. Deaths occur late on the fifth 
and continue to the seventh day or a little 


later. 

In hb description of the life cycle Clark- 
son (1958) stated that the first asexual 
stage is localized mainly in the terminal 
inch of the small intestine and "neck" of 
the ceca whereas later stages tend to spread 
into adjacent regions of the lower intes- 
tinal tract. The sporozoites penetrate epi- 
thelium on the tips or less often on tlie 
sides of the villi, rarely in the glands. They 
undeigo nuclear division and grow into 
large first generation schizonts containing 
about 700 small merozoites. These mero- 
zoiies invade both surface and glandular 
epithelium and develop into small second 
generation schizonu with 12-24 large mero- 
zoites. Generation two merozoites pene- 
trate epithelial cells on the sides and lips 
of the villi and in the glands where they 
grow into gametocytes. Moore and Brown 
(1951) reported that the prepateni period 
was about 112 hours whereas Clarkson 
(1958) stated that it ranged between 114- 


132 hours. 

Eimeria innocua Moore and Brown, 
1952, seems to be appropriately named, 
because massive infections produced no 
macroscopic lesions and no signs of illness. 
Moore and Brown (1952) mentioned that 
preliminary trials suggested a slight re- 
tardation in weight gain during the first 
two weeks of infection. Neither chickens 
nor quail have proved to be susceptible 
to infection with tliis species. 

Eimeria subrotunda Moore, Brown, ana 
Carter, 1954. becomes established m the 
upper porlion ot the digestive “ 

within two incites of the )olk stalk. The 
epithelial cells most hcasily 
were lliosc near tlic tips ol the still. Young 
poulB iiilected with mastiie doses of 
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oocysts failed to exhibit symptoms or 
lesions. It was established that chicks, 
guinea fowl, ringnecked pheasants, and 
bobwhite quail are not susceptible to this 
species. 

Svanbaev (1955) found unsporulated 
oocysts and an occasional ooqsl contain- 
ing two sporoblasts in feces of young tur- 
key poults in Kazaklistan S S.R.. The 
oocysts were round or short oval, 21 6^- 
52.8fi by 24.6;i-32.8/i, svith a mean of SO 5/» 
by 29.8^, and a shape index of .93. The 
double-contoured, smooth, greenish oocyst 
wall was 1.5^ to 1.7f4 thick. Sporulation 
was completed in 16-20 hours at 20® to 25® 
C. A polar granule was present. The two 
sporocysts, 14.9fi by 10.1*i, were rounded at 
one end and pointed at the other and each 
contained 4 oval sporozoites, 7 2/»-9.0f» by 
4.5fi-5 4n. Oocystic and sporocystic residu- 
al bodies were absent The spedes was 
named Isospora hetssim. Svanbaev (1955) 
did not mention any attempt to infect 
other turkeys with this organism. 

Slavin (1955) described and provisionally 
named Cryptosporidium mcleogridis, a coc- 
cidium parasitic on the "villus epithelium" 
of the terminal third of the small intestine 
of young turkey poults from a farm in 
Scotland. All stages in the life cycle, except 
sporulated oocysts and liberated sporo- 
zoites, were observed. The oocysts were 
oval, 4.5fi by 4.0^, with an eccentric nu- 
cleus Slavin considered that the parasite 
was responsible for diarrhea and low roor 
tality in 10- to 14-day-old poults 

Treatment. As testing of anticoeddial 
drugs proceeds, it is becoming more and 
more apparent that the sulfonamide drugs 


whicli arc effective in diickens affect also 
the coccidia of turkeys (Moore, 1949; More- 
house, 1919b; Peterson, 1919; Boyer and 
Brown. 1953; Cuckicr ct al., 1956; Horton- 
Smilli and Long, 1959). For a concise dis- 
cussion of investigations on treatment of 
turkey coexidiosis through 1959, see Levine 
(1961). 

Cuckicr el al. (1961) reported that pro- 
phylactic feeding of .003— .025 per cent 
ainprolium (1- [4-ainino-2-n-propyl-5-pyriai- 
idinylmethyl] -2-picolinium chloride hy- 
drocliloridc) afforded complete protection 
from coccidiosis mortality due to E. adeno 
eidcs, E. gallopavonis, and E. meleagrimi- 
lis. B.ill and ^V'arrcn (1963) demonstrated 
Uiat citlier aniprolium or sulfaquinoxaline 
at .0125 per cent in the feed for one Jay 
before and fourteen days after infection 
with either E. adenoeidcs or E. meleagri' 
mith prevented mucli of the weight los* 
and all mortality. However, poults previ- 
ously protected with amprolium were less 
icsistani to severe challenge infection than 
were those vvhidi had received sulfaquinox- 
aline. These workers suggested that the 
two compounds differed in their action 
on stages in the life cyde of both £. adeno- 
eidcs and £. meleagrimitis. 

Hoiton-Smilh and Long (1961) found 
that sulfaquinoxaline and, to a lesser ex- 
tent, sulfadimidine inhibit the develop 
ment of the three schizont generations of E. 
meleagrimitis, but have little effect on the 
gimetocytes. They stated that the mecha- 
nism by which sulfaquinoxaline inhibits 
schizogony is probably associated with the 
PABA-folic acid sequence. 
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COCCIDIOSIS OF THE GOOSE 

More is known concerning coccidiosis of 
geese than of ducks, but our information 
is still meager, particularly regarding the 
intestinal forms. The goose alone of do- 
mestic poultry is afflicted with renal coc- 
ridiosis caused by Eimeria truncala. Tbc 
intestinal spedes E. anseris and E. nocens 
are rarely found, but may be pathogenic 
severe infections. The three spedes 
described by Farr (1953) from the Canada 
goose (Branta canadensis) which she was 
able to transfer successfully to the common 
goose— £. hermani, E. striata, and E. fulva 
■“Will not be further discussed here. 

Eimeria (runcala Railliet and Lucet, 
a highly pathogenic parasite of 


joung geese, causes destruction of kidney 
tissue, particularly the epithelium of die 
uriniferous tubules. The disease is very 
acute, lasting but 2 or 3 days, and is almost 
always fatal. Usually the mortality in a 
flock is very high. The dinical signs are ex- 
treme weakness and emadation. The kid- 
neys are enlarged and studded with poorly 
circumscribed, small, yellowish-white streaks 
and spots. The tubules are dilatated by 
masses of oocysts and urates. 

Opinions differ as to the morphology of 
this species. The oocysts, lI.7,i-21.G,i by 
14.4u-27tt, are ovoid, elliptical, or round 
with one end drawn out a little and sharp- 
ly cut off. At die truncated pole is a more 
or less prominent micropyle surmounted. 
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in some cases, by a membranous cap. The 
oocyst svall is smooth, colorless, and deli- 
cate. At the completion of sporulation, 
which requires 1-5 days, an oocystic resid- 
ual body is sometimes found among the 
sporocysts. According to Lerche (1923) the 
sporocysts, 7.8^ by 5.5/i, contain two com- 
ma-shaped sporozoites and a heavily granu- 
lar sporocystic residuum. (See also Mc- 
Gregor, 1952; Ridala, 1930; and Spicgl, 
1921.) 

This disease was known only in Europe 
until McNutt (1929) reported an outbreak 
in Iowa The reports and reviews by Le- 
vine el al. (1950) and Lindquist el al (1951) 
indicate the prevalence of this parasite in 
Illinois, Maryland, Michigan, District of 
Columbia, New York, Washington, Que- 
bec, and Ontario. 

E. truncata was reported from goslings 
of the graylag {Anser cinereus) by Chris- 
tiansen and Madsen (1948) and Chris- 
tiansen (1952). The last-named author al- 
so found In the kidneys of young swans 
(Cygnus olor) oocysts resembling E. (run- 
cajaj but smaller. He also found in the 
kidneys of common eiders (Somateria mol- 
lissima) oocysts of a small variant of E. 
Iruncata. Walden (1963), believing iliat 
the small form from kidneys of Cygnus 
olor was not E. truncata, gave it the name 
E. christianseni. He also stated that Chris- 
tiansen’s small form of E. truncata from 
eiders was probably specifically distinct. 
Pavlov (1942) seems to have found E. trun- 
cata in the kidney of the domestic duck. 

The following descriptions of goose coc- 
cidia are based mainly on the work of Koi- 
Idn (1933). (See also Cernd, 1956; and Han- 
son, Levine, and Ivens, 1957.) Etmeria 
parvula KotUn, 1933. a common harmless 
parasite was found chiefly in the epithe- 
lium of the terminal small intestine. The 
round or round-elliptical oocysts, I 0 n^l 5 ^ 
by 10;t-14^, had a colorless, delicate wall 
without a raicropyle. 

Etmeria nocens Kotldn, 1933 developed 
within and under the epithelium of the 
tips of the villi in the posterior small in- 


testine The brownish oocysts, 25/i-33/i 
by 17/t-24/i, were e^-shaped with a more 
or less truncated pole containing a micro- 
pyle. E. nocens svas an uncommon para- 
site, found principally in young geese tvith 
intestinal disturbances. Kotldn (1933) be- 
lieved that further investigations svould be 
required to determine its pathogenicity. 

Stages in tlic life cycle of £. atiseris Kot- 
Ian, 1932 occurred under and within the 
epithelium of the posterior small intestine. 
Experitncnial infection was apparently 
harmless for 2l4-to 3-monih-old geese. The 
colorless oocysts, 16^-23/i by 13^-18/i, were 
pear-shaped svith an evident micropyle at 
the tapered pole. According to Hanson 
et at. (1957) E. anseris oocysts from Anser 
c. caerulcscens measured IG^-19;t by 20/i- 
2l/i. The smooth colorless wall of the 
oocyst was sharply incised at the narrow 
pole to form a plate aaoss the miaopyle. 
Below the plate was an amorphous oocystic 
residuum. The sporocysts, by lO/i- 
12^, were ovoid in shape and contained two 
sporozoites and a large residuum. 

Bajard (19C2) stated that symptoms of 
imesiinal coccitliosis due (presumably) to 
E. anseris and E, nocens were anorexia 
and constipation followed by diarrhea. In 
severe cases death came quickly. Other- 
wise the geese improved after two or three 
days of diarrhea. 

Tyzzeria anseris Niesdiulz, 1947. The 
description of this species was based on 
the morphology of oocysts found in feces 
of a domestic goose in Netherlands. The 
elliptical oocysts. 12.0^-16.0^ by I0.0;i- 
12.5^, had a thick colorless wall without a 
micropyle. Upon sporulation they con- 
tained 8 free sporozoites and an eccentric 
^cystic residual body. Nieschulz could not 
infect a duck with Tyzzeria anseris. For a 
discussion of the problem of the identity 
of T. anseris and of other species of Tyz- 
reported from ducks and wild geese 
and swans see Hanson et al. (1957); and Le- 
'nne (1961). Farr and Wehr (1952) found 
the same species in two goslings from 

Maryland. 
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COCCiOiOSIS OF DUCKS 

A number o£ accounts of losses in do- 
mestic ducks have been attributed to coc- 
cidia, but the etiology of these cases has 
not always been sufficiently elucidated. 
(See Dougherty, 1952, 1960; Davies, 1957.) 

Tiboldy (1933) described oocysts of the 
genus Eimeria that were oval, elongate 
oval, or occasionally rounded, possessed a 
sturdy wall, and measured from I0.8/t-25.0p 
hy 8^-12.6 ;i. a number of species are pov 
sibly involved, but the question of speci- 
ficity has not been cleared up. Scholtyseck 
(1955) has described E. anatis from the 
European wild duck. Anas plalyrhyncbos, 
but did not find it in the domesticated 
'■arieties. The wall of the ovoid oocyst is 
smooth, homogeneous, and 0.7f»-1.0;t Uiick. 
There is a ringlike Sickening about the 
more pointed end and, after sporulation. 


cliaracierislic roundish thickening on the 
side of the wall enclosed by the ring, 
esidual granules are present among the 
oroioitcs. The oocysts measure H-V 
I2fi by I0.8n-15.6^: mean, 16.8/i by 14.1p. 
hitonts and gametocytes were observed 
, the small intestine. Pavlov (1942) found 
truncala, more commonly occurring in 
:ese, in the kidneys of domestic ducks in 
algaria. 

The only other described species from 
>mestic ducks is Tyaeria perniciasa M- 
n 1936, from the small intestine of its 
)st. It was described from a six-week-old 
;kin duck (Anas domestiens) obtained 
om Rinebeck, New York, U.S.A. 'Hie 
xrysu of this genus arc peculiar m that 
lev are asporocystic (without sporocysts). 
Id after development for 24 hours out- 
Jc the body contain eight sporozoites 
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and a large residual mass. The con- 
tent ol the freshly passed oocyst, hovicvcr, 
consists ot coarsely granular protoplasm 
completely filling the oocyst. The asexual 
developing stages appear in the mucosa of 
the small intestine from the gizzard to the 
ceca. There are three morpliologically 
distinguishable generations o£ schizonts 
after which (about 48 hours after inocula- 
tion) gametocytes make their appearance. 
Oocysts were first observed in the tissue 
by the end of the fifth day and in the drop- 
pings on tlie sixth day. 

The species is extremely pailiogenic. for 
Allen lost sesen of ten very young ducks 
which she experimentally infected. The 
symptoms reported are “loss of appetite 
and weight, weaVness tnanitested by iJhe 
inability of the bird to stand for any 


Icngtli of time, and continuous crying as 
i{ in distress. The last symptom was es- 
pecially noticeable in baby ducks." 

Macroscopic lesions consisted of inflam- 
matory and Itcmorrhagic areas throughout 
the small intestine, especially in the upper 
half. Tltc intestinal wall was thickened and 
exiiibitcd rounded svhitc spots on tlie ex- 
terior. In severe cases blood and cliccsy 
exudate, but no core, filled the small in- 
testine. 

Tissue sections revealed tlic penetration 
of tlic coccidium into the mucosa and sub- 
mucosa as far as the muscular layers, and 
extensive tissue destruction. The possible 
relationship of Tyzzeria species occurring 
■n various ducks and geese is discussed in 
the picvious section. See also Levine 
(1953). 
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ENTEROHEPATITIS (BUCKHEAD)’ 

Some phases of blackhead arc dealt with 
in the chapter on diseases of the turkey. 
This section is concerned mostly with the 
etiological agent, Histomonaa meleagridrs, 
and other organisms associated with its 
transmission. 

Hislomonas meleagTtdis (Smith, 1895) 
Tyzzer, 1920 

In 1895 Theobald Smith identified a 
protozoan, which he called “Amoeba mele^ 
agridis," as the cause of blackhead. He de- 
scribed from sections of lesions spherical 
or slightly oval bodies from 6;*— lOp in di- 
ameter, widt a small spherical nucleus 2^ 
in diameter, in some cases with a nucle- 
olus. In the ori^nal paper Smith did state 
~»See also Enterohepatitis m Chapter 41. 


tliat movements duiractcrizcd as ameboid 
had not yet been dcmonstratetl, but in 
|910 Smitb again studied the fresh micro- 
organisms from the liver (whicli were from 
8|*^15|i in diameter) in a warm chamber 
and noted slight dianges of form (Fig. 
37.5). He states: "Some of the freed para- 
utes - . . piitlved out small finger-Uke 
pscudopodia, usually one at a time.” The 
arrangement of the organisms singly or in 
groups in the tissues and unenclosed by a 
common membrane suggested that multi- 
plication took place as a simple process of 
division and not as endogenous segmenta- 
tion. 

Tyzzer (1919) first noted adjacent to the 
nudeus of the protozoan an "extranuclear 
body” from which delicate filamenu radi- 
ated over the surface of the nuclear mem- 
brane. Division of the extranuclear body 
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FIG. 37.5 — Liver from turkey ofFected 
with blackhead showing the charoe* 
leristic parasites. X920. (Biester, towa 
State University.) 


resulted in the formation of a paradesmose 
which persisted until division of the nucle- 
us had taken place, after which cell divi- 
sion occurred. No flagella had been ob- 
served at this time, but amoeboid move- 
ment had been encountered frequently. 
Nevertheless, Tyzzer remarked that "the 
presence of an extranuclear body resem- 
bling the blephroplast of flagellates and a 
type of nuclear division characteristic of 
certain flagellates, sets it apart from all 
knosvn amoebae.” But he later concluded 
"reclassification of the parasite should not 
be attempted until additional facts ha%e 
been obtained concerning its life history." 

Many of the "additional facts" concern- 
ing the life history of the protozoan were 
slow in coming, but in less than a year 
Tyzzer (1920b) had succeeded in inducing 
the organisms to move briskly, and in a 
variety of ways. One type of movement 
Was so suggestive of flagellar activity that 
he renamed tlie organism Htslomonas 
fneleagridis, even though the raudi sought 
external flagella had not yet been observed. 

Free flagellated forms we’^e first seen by 
Tyzzer and Fabyan (1922b). These were 
taken from the ceca of experimentally in- 
fected turkeys. They state that late in the 
disease they found in the ceca of turkeys 


forms of fiistomonas meleagridis in a con- 
siderable proportion of which one or two 
short flagella were demonstrable. In 1924 
Tyzzer found flagellate forms in the ceca of 
chickens. Drbohlav (1924) obtained the 
flagellated forms in cultures from the ceca 
of diseased birds. Flagellate types show a 
great variety of ameboid movement and 
ingest bacteria, cell fragments, and starch 
grains (Tyzzer, 1924). 

Tyzzer (1934) later gave us more light 
on the nature and behavior of Histomonas. 
In cecal discharges under optimum con- 
ditions it is fairly rounded, but with ir- 
regular surface extensions, and e.xhibits 
active ameboid movements and rhythmic 
rotary movements. At the proper high 
temperature the rhythmic beat becomes 
frequent, and a flagellum may be seen 
beating in one direction toward the body, 
causing it to rotate one-fourth to one-third 
of a full rotation at each stroke. One form 
ivas seen with four flagella. 

In cultures the organism usually attains 
a larger size than in cecal discharges. At 
times culture forms are spread out into 
thin sheets and exliibit active ameboid 
movements; at other times iJiey are more 
rounded and undergo "rhythmic flagellate 
motility.” ^Vhen brought into contact with 
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surfaces, the latter forms may become 
ameboid while still exercising their flagella. 
The flagellated phases may measure from 
‘i.5u,-25fi in diameter, and flattened ame- 
boid forms considerably more. The cyto- 
plasm may contain starch and bacteria in 
considerable quantities. While normally 
uniflagellate, aflagellate forms are common, 
and those with two or even four flagella 
are not infrequently encountered in cul- 
tures. 

tJeVok and Davis (193G) have con- 
firmed in large part Ty^/er's observations 
on the behavior and nature of the organ- 
ism from tissues and in cecal discltarges and 
culture. 

Lund (1963) described as a new species a 
histomonad that does not produce black- 
head in either chickens or turkeys, but is 
transmitted in the same ways as is Histo- 
monas rneleagridh. This organism, named 
H. vienrichi, inhabits the lumen of the 
cecum, and apparently does not invade 
the tissues, nor multiply appreciably there- 
in, if liberated in the mucosa by cecal 
Worm larvae. Its dimensions are about 1.5 
times those of H. meleagridis. It character- 
istically has four flagella and it feeds pri- 
marily on bacteria. It has thus far failed 
to grow on any of the artificial media used 
to cultivate H. meleagridis, and cannot, 
therefore, be likened to the large histomo- 
nads occasionally seen in cultures of H. 
trieleagrtdts. Neither can its lack of patho- 
genicity be attributed to prolonged growth 
on artificial media (see section on "Immu- 
nity and Immunization"). Tyzrer undoubt- 
edly had some of these large, nonpatho- 
genic histomonads mixed with H. melea- 
gridis in some ol his chickens, and he pub- 
lished the first figures of it (1954, Figs. 26 
and 28; also possibly, 1927, Fig. 3). Wen- 
rich (1943) found the organism, apparent- 
ly in the absence of H. meleagridis, in two 
pheasants, and he described it in consider- 
able detail. However, he did not attempt 
transmission or cultivation, and cxmcluded 
that the organism was a variant of H. 
meleagridis. H. xvenrichi is apparently 
quite common in chickens, turkeys, and 


pheasants, but it thrives best in birds not 
harboring the more prolific H. meleagri- 
dis. The diagnostician should distinguish 
it from the pathogen to avoid recommend- 
ing the institution of expensive and need- 
less contiol measures for flocks in which 
blackhead is not present. To the research- 
er, the use of the nonpathogcnic species 
may hate advantages for certain types of 
studies (Lund and Buriner, 1957; Lund 
1959, 1961). 

Transmission in Relation to Life History 

Blackhead has been produced experi- 
mentally in a variety of ways wiili varying 
degrees of success. The results of more 
ilian two dozen such efforts have been tab- 
ulated by Swales (1950 a and b). Evidence 
of transmission through the egg of the 
turkey or chicken is entirely lacking. Con- 
sequently. infection as a result of ingestion 
of Histomonas, alone or with other oigan- 
isms, remains the only plausible means of 
acquisition of the protozoan under natural 
conditions. 

1. Direct infection. Smith (1895) as- 
sumed dial "the microparasite is trans- 
mitted from bird to bird" without the 
intervention of an intermediate host. 
Moore (1896) appeared to have demon- 
strated this possibility by feeding viscera 
and droppings from infected birds. How- 
ever, most of the early workers had dilfi- 
cuUy finding the organism in the dis- 
charges from infected turkeys (Tyzzer, 
1919, 1920a, and Tyzzer and Fabyan, 1920). 
Tyzzer (1924) found them in relative 
abundance in the cecal contents of chick- 
eru, and Curtice (1907 a and b) had shown 
that soil traversed by chickens was particu- 
larly hazardous as a source of blackhead 
infection. It is, of course, now known that 
turkeys also void histomonads in tlieir 
cecal droppings at times. But die histo- 
monad w.ss known to be a fragile organ- 
ism, capable of living only a few hours in 
cecal discharges (Tyzzer and Collier, 1925. 
and others), and no cyst or comparably re- 
sistant stage could be found. This made it 
difficult for the early workers to explain 



how birds were acquiring blackhead ^ 
contact with soil or quarters long unus^ 
by poultry. As we shall see presently, the 
protozoan actually does have other means 
o£ dissemination, accompanied by adequate 
protection. . 

Nevertheless, direct infection without 
the intervention of other organisms had 
occasionally been demonstrated expen- 
mentally, but evidence to support the 
reasons postulated for the many failures 
was lacking. Horton-Smith and Loi^ 
{1955. 1956a) found that by raising the pH 
of the gizzard of chickens from its normal 
low of 2.&-3.3 to 6.7-7.0 by starvation, or to 
7.3-7.6 by giving alkaline solutions, the 
birds could be infected by oral administra- 
tion of histomonads in cecal droppings. 
About the same time Lund (1956) found 
that turkey poults could be more 
infected with histomonads given orally oy 
using inocula containing very little solid 
material than by using ones 
material subject to digestion, thereby en- 
couraging retention in the guzard. 
studies pointed to the same circumstance 
the unprotected histomonads wuld not sur- 
vive long exposure to the acid of the giz- 
lard. It now becams dear 
lection by the ingestion oi Histomonas 
alone was possible, but that it was un y 
among birds with ready access 
water and feed. Water that bad been 
grossly contaminated with cecal droppi ^ 
shortly before a hungry bird came to n 
might slili constitute a hazard for 

’“i Tbe relationship of Heterobis goHinn- 
mm to blackhead. The initial demonsna- 
tion of the role ol Hetetakis. the 
worm commonly inliabiting the ccc 
chickens, turkeys, and other fowl, was made 
by Graybill and Smith (1920). Pirst two tur- 
keys were fed feces of adult turkeys and cul- 
tures of embryonaied Hetcrakis ova ( 
chickens) kept in Petri dishes 
saline solution for 17 days. Bolli m 
turkeys became sick 15 days 
the ova, and botli died within a " 
Three more turkeys given tlie same 
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contracted blackhead, as did Uiree which 
received only tlie embryonated eggs. Nega- 
tive results were obtained from feeding 
turkeys the feces only. , „ . , 

It is apparent that Graybill and Smith 
were of the opinion that the cecal worms, 
invading the ceca in large numbers, broke 
down the resistance of the fowl to the 
protozoan factor which was already present 
in the ceca. “probably disseminated when 
the first spontaneous cases occurred iu the 
stock." They suggested that there might 
likewise be other agents whicli. when in- 
gested by the turkeys, would prepare tli^s 
way for invasion of the tissues by the black- 
head oiganUm. In Urn same year, however, 
Smilh and Graybill showed *at ‘he dis- 
ease could he produced in chickens by teed- 
ing incubalor-hatched clucks an overdose 
of .he eggs of Helerakis winch had been 
placed in 0.6 per cent solution of hi^lo 
Kde of mercury for 30 seconds, 
and dried. This Ume they concluded llrat 
die evidence pointed to the presenM of 
Hislomonoj (=dmoe6o) 
tlie cultures, but they were disinclined to 
accept this possibility unreserved y and so 
maintained that the or.g.n 
zoan was still undetermined. Tyzzer, Fan 
van and Foot (1921) confirmed in prm- 
dple tlie wotk ot Graybill and S""*, and 
nmed likewise that it was not necessary to 
feed the protoroan with the embryonated 
eggs in order to produce the disease. 
Scales (1950) found that blackhead was not 
Ji„smi..ed irom carrier birds to suscep- 
tiblc poults in the absence of embryonated 

"TSt''a.?fvum ol HeteraUs may actm 
ally harbor Histomonas inside its shell has 
mclivS very strong support trom the work 
r-iySer^nd Fabyan (1922h). Hetcrak, 
maJial treated tor 3 

nitric add, whidi rendered the me 
SI bacreriologically 

capable ol iransm.ltmg jj,. 

ted to incubator-bred l>“':'>’- , , 

SSc" to bISment with 1.5 per cent 
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nitric acid (Tyzzer, 1926). Swales (1948) 
showed that the histomonad was present 
within infective larvae separated from cm- 
bryonated eggs of Heterakis. 

Lund and Burtner (1957), working with 
a nonpathogenic histomonad, found that 
fewer than one out of 200 of the worm eggs 
used in their studies transmitted the proto- 
zoan, but recognized that this ratio did 
not necessarily pertain to pathogenic histo- 
monads. Kendall (1957) observed that it 
seemed “necessary to give at least 1,000 em- 
bryonated" (Heterakis) "eggs to each poult 
in order to set up disease." Actually, this 
ratio varies greatly according to tlie source 
of the worms (unpublished data from files 
of senior author). 

Tyzzer and Fabyan showed that the dis- 
ease could be produced in turkej-s by feed- 
ing hen-yard soil which, presumably, con- 
tained embryonated Heterakis eggs. Swales 
(1948) demonstrated transmission of Histo- 
monas in Heterakis larvae mechanically 
separated from Heterakis eggs. 

For many years the weak link in the 
chain of circumstances incriminating 
Heterakis eggs was the failure to demon- 
strate the protozoan inside their mem- 
branes, Glaser (1921) was unable to find 
histomonads in infective cultures of Heter- 
akis ova, and Tyzzer (192G) was likewise 
unable to find the organism in the ovum, 
although he reported that "the invasion of 
the tissue of the worm has been demon- 
strated in a number of instances, thus far 
in half-grown worms from cases of black- 
head.” He later (1927) published figures 
showing several histomonads in the in- 
testinal epithelium of heterakids II days 
old. 

Niimi (1937) found what he believed to 
be histomonads not only in the lumen and 
the wall of the gut of developing cecal 
worms, but also in the terminal portion of 
the ovary and uterus of mature worms, and 
in fertile eggs, some of which had under- 
gone cleavage. Niimi’s organisms in the 
gut and gut wall corresponded in form and 
size with those figured earlier by Tyzzer, 
but the bodies assumed to be histomonads 
in the ovary and the eggs were much 


smaller, lfi-1.4;i in diameter, with nuclei 
O^/tr-Oln in diameter. Niimi’s work may 
not have received the attention it deserved, 
for v'arious reasons. Tlie journal in which 
it appeared seems not to have a wide circu- 
lation in this country, and accurate trans- 
lation of tiic article is scry difficult, ^^orc- 
over, to some it seemed incredible that an 
organism could be reduced to less than 'A 
its usual dimensions, nucleus and all (and, 
presumably, thus to less than l/lOO its 
usual mass) by simply migrating from the 
worm's gut to its ovary. 

Recently Gibbs (1902) demonstrated 
histomonads not only in the eggs of Heter- 
akis and throughout most of the repro- 
ductive tract of tlte female worm, but in 
the lumen and walls of the gut and in the 
reproduciite tract of male worms also. At 
all sites, the range in size of the histomonad 


lo dial oi me protozoan 
in the tissues of the bird. Dividing forms 
were seen in the ovary and in the eggs. 

Kendall (1959) figured and described 
four “Parasites resembling Hitlomonas 
meteagridis^' in a 4-day Heterakis larva. 
Presumably, these histomonads were pres- 
ent in this larva as the egg containing it 
was ingested by the host bird. Those 
yiewcti by Tyzzer, Niimi, Gibbs and others 
in larvae of 1 1 days or more were probably 
for the most part acquired from the host 
bird as the larvae fed in the infected ceca. 
Such histomonads would not initiate in- 
fections in new hosts until liberated there 
by the next generation of worms. Ob- 
viously, some Histomonas-bearing larvae 
of each generation must liberate their 
protozoa if the avian host is to acquire the 
Histomonas infection, and some of the de- 
veloping larvae must acquire histomonads 
from the bird if the larvae of the next 
generation are to transmit the protozoan 
mth comparable certainty. This does not. 
of course, preclude the possibility of Heter- 
akis eggs becoming carriers of the same 
histomonads that were brought in by larvae 
*at gave rise to those eggs, but such a ore- 
onous arrangement would, by itself 
hardly iruure the continued success of the 
protozoan. Futthermore, both Niimi and 
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Lund (1961), the latter working with a 
nonpathogenic histomonad, have shown 
that Histotnonas-free Heterakis can be 
made to produce Historaonas-bearing ova 
by growing both parasites in the same birds 
simultaneously. The nonpathogenic histo- 
monad was apparently acquired most read- 
ily by larvae 9 to 18 days old, and most 
frequently liberated by larvae 6 to 14 days 
old. These periods are not so well estab- 
lished for the pathogenic histomonad, but 
are not identical (senior author’s unpub- 
lished data). In any event, the periods of 
liberation and acquisition of the histo- 
monads by the cecal worms are such that 
worms from a single ingestion of Histo- 
monas-bearing Heterakis ova have reason- 
able assurance of producing some eggs that 
also carry historaonads, if the worms sur- 
vive to maturity. As Tyner and Fabyan 
(1922b) and many others have recognized, 
an active case of blackhead in a turkey fre- 
quently makes the cecum an untenable 
habitat for the worms. 

From the above it is apparent that the 
cecal worm not only plays a very intimate 
part in the transmission of blackhead, but 
that it is admirably adapted to perform its 
role. Its egg is a sturdy body, well suited to 
survival under most natural conditions 
likely to be encountered in environments 
resembling those to which its hosts are 
adapted. It resists short periods of desic- 
cation, considerable periods of freezing, 
and remains viable over relatively long 
periods under more favorable conditions. 
Riley and James (1921) observed that "Dry 
cultures which had attained the coiled em- 
bryo stage remained latent for 6 weeks, 
and promptly became motile on the addi- 
hon of moisture.” They further noted that 
50 per cent of the embryonated eggs held 
3 days at temperatures between — 10® and 
0° F., followed by storage for 6 months at 
0®— 10° F. were capable of segmentation, 
and many of these completed embryo- 
nation "in practically a normal period.’ 
Graybill (1921) found that undeveloped 
ova "survived desiccation at room tempera- 
ture for a period of 16 days, but not 41 
tiays. Fully developed eggs were alive after 


desiccation for 18 days, but not after 49 
days. In another instance they were no 
longer viable after 10 days.” He further 
noted that embryonated eggs kept at room 
temperature in physiological saline sur- 
vived during a period of a little over 12 
months, while those kept in soil outdoors 
(New Jersey) contained living embryos 
after a period of 8 months. 

Niimi (1957) stated. “The causative 
agent of the disease in question [blackhead] 
may survive in worms' eggs longer than 1 
year, perhaps 3 or 4 years.” Farr, working 
in Maryland. (1956, 1961) found that 
Heterakis ova that had been in experi- 


mental plots inaccessible to chickens or 
turkeys for as long as 210 to 230 weeks were 
still capable of producing worms in poults. 
Hisiomonas was not transmitted after 151 
weeks, but the nunsber of worms recovered 
after feeding eggs older than 3 years was 
small. Lund (1960), also working in Mary- 
land, reported that worm counts in turkey 
poults exposed periodically to naturally in- 
fected test plots declined 89 per cent after 
the plots had been vacant for 5 summer 
months, another 8 per cent after the pas- 
sage of 7 cool months, and was down to 
only 0.8 per cent of the original after the 
second summer. After that, 75 to 96 per 
cent of Uie birds (usually 160 to 180 per 
test) harbored no worms. The incidence 
of blackhead did not decline at a corre- 
sponding rate, falling by 35 per cent, 10 
pw cent, and 45 per cent after the first sum- 
mer. the 7 cooler months, and the second 
summer, respectively. Thereafter, both 
y,om counts and the incidence o£ hisi^ 
moniiuis declined slowly to very low levels 
unul 52 months had elapsed. After that, 
both parasites almost disappeared, histo- 
monads having been observed m only one 
o£ 167 birds released at 60 months, an 
none ol 176 released 65 * 

naturally contaminated plot had 
vacated lor testing. As we “ 
enUy. it may be virtually 
out completely the -^.ained 

tamination of soil which is nuke 

sufficiently close to its natural state 
results meaningful. 
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3. The relationship of the chicken to 
the dissemination of blackhead among 
turkejs. Only a few years after Cushman 
(1893) had called attention to blackhead as 
a specific disease among turkeys, and Smith 
had found the protozoan responsible for it, 
Chester and Robin (1901) repotted the 
presence of the disease in chickens. Curtice 
(1907c) concluded, "that the poultry yards 
are heavily infected: that chickens, though 
rarely affected by blackhead disease, may 
be the most potent factor in its dissemi- 
nation, and that diseased turkeys are nearly 
or quite as serious a source of infection as 
chickens.” Milks (1908), however, reported 
mortality as high as 30 to 50 per cent 
among young chicks in Louisiana. 

Following these studies, blackhead was 
reported repeatedly in chickens (cf. Hig- 
gens, 1915; Tyzzer, 1919 and 1924; Smith 
and Graybill, 1920: Kaupp, 1922; Eriksen. 
1925). 

The course of the infection in the com- 
inoti fowl usually runs a much milder 
course than in the turkey but is othemise 
very similar. Smith and Graybill found 
that in chicks experimentally infected with 
Heterakis eggs, the initial lesions appeared 
m the ceca, usually followed by only micro- 
scopic focal collections of lymphocytes or 
yellowish necrotic specks in the liver. The 
inflammation and thickening of the cecal 
wall and the subsequent formation oi a 
core resemble somewhat the condition in 
the turkey disease, but the invasion of the 
liver lesions bears no comparison in the two 
birds. Smith and Graybill state that all 
their chicks would probably have survived 
had they not been killed, for the processes 
of repair had been initiated, whereas ex- 
perimentally infected turkeys usually died. 

Reports such as those by Milks, Kaupp, 
and Eriksen indicate, however, that at 
limes the disease of chickens may run a 
much more severe course. Kaupp observed 
the death of 42 out of 43 Silver Spangled 
Hamburg chicks about five weeks of age. 
Eriksen necropsied a total of 25 birds from 
17 Missouri flocks. The losses ranged from 
one bird in a flock of 350 to more than 50 
per cent in two other flocks. At necropsy 


and liver lesions svere observed, the 
latter organ occasionally enlarged to several 
times its normal size and studded with gray 
and grayfsh-yellorv areas 3 to 8 mm. in 
diameter which penetrated deeply into the 
liver tissue. Histomonas was observed in 
sections of both ceca and liver. The age of 
the cliicks attacked was from seven to ten 
weeks (cf. observations of Milks). Thus 
the infection in cliickens may assume a se- 
rious nature at times, although under or- 
dinary circumstances it appears to be well 
tolerated by the host. 

There are indications that blackhead 
losses among chickens may have increased 
in recent years. Ohara and Reid (1961) 
calculated the frequency with which histo- 
moninsis was recorded in proportion to ac- 
cessions of diagnostic laboratories in north- 
eastern, southeastern, and raidwestem 
states, and report that "1.2 to 5.5 percent 
of the chickens in diagnostic laboratories 
show histomoniasis. There is some evi- 
dence of slight increase in this disease in 
the Midtvesi area." Their own experi- 
menu on age of greatest susceptibility led 
them to conclude, "When histomoniasis 
was experimentally induced with eggs of 
Hclerakis gallinae, chickens were more sus- 
ceptible at 32 days than at 1 day, 46, or 64 
days of age. Comparisons with field reports 
indicate that very young birds and birds 
three months of age show some natural 
resistance to the organism.” Desowitz 
(1951) and Madsen (1962) have reported 
similar experiences. No mortality was in- 
duced in test birds used by Ohara and 
Reid, but blackhead occurring concur- 
rently with cecal coccidiosis resulted in a 
mortality of 12.5 per cent a.v compared. with 
6.3 per cent for cecal coccidiosis alone. 
Stress factors of many sorts may be ex- 
pected to contribute to the severity of 
blackhead in chickens, but interpretation 
of the findings is sometimes perplexing 
(Madsen, 1962). 

The elimination of cecal worms as a 
result of histomoniasis in chickens is simi- 
lar to that for turkeys (Lund. 1958; Ohara 
and Reid, 1961), but because many more 
chickens survive the disease than do young 
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poults, the early obser\'alions ol Curtice 
regarding tlie importance of llic chicken as 
a source of dissemination of the disease are 
still valid, 

4. Other possible factors in llic trans- 
mission of blackhead. Prior to the discov- 
ery of the transmission of blacklicad by the 
cecal worm, many means of transmission 
were considered and tested, usually svith- 
out success. Not infrequently control birds 
that apparently had no aaess to sources of 
infection developed blackliead. Knowing 
the role of tlie cecal svorm clarified much 
of the confusion, but some of Uie early re- 
ports arc still worthy of consideration. 

As early as 1907, Curtice produced black- 
head in turkeys by feeding earthworms 
from an infected turkey yard, but not by 
feeding such worms from clean plots. He 
concluded (1907b and c), *‘The earth- 
worms in tliis instance were probably car- 
riers of infected soil and were not neces- 
sarily a second host to the parasite.” Ackert 
(1917) infected diickcns with Helerakis 
gallinarum by feeding earthworms, but 
blackhead, if present at all, did not come 
to his attention. Jfadsen (1902) rcjmrted 
having transmitted Heterakis without 
blackhead by feeding chickens carlhsvorms 
from pheasant flight cages, but on another 
occasion 6 of 10 chickens fed earthworms 
from a different pheasant farm developed 
blackhead, Madsen remarks, "Before being 
fed to the chicks, the svorms were 
thoroughly washed and allowed to empty 
their intestines as much as possible. Never- 
theless a certain amount of contents must 
have remained, as the group contracted in- 
fections with Heterakis gallinarum and 
blackhead.” Lund et al. (1963) presented 
evidence that earthworms transmit Hcter- 
akis, and also blackhead, as true hosts to 
the cecal worm, and not merely as carriers 
of embryonated heterakid eggs adhering 
to the cuticle, or in transit in the intestine. 
Heterakis larvae, sometimes in consider- 
able numbers, were found in the coelom of 
some worms. If such larvae can accumu- 
late over extended periods, earthworms 
™ay be of considerable importance in the 
transmission of both Heterakis and Hisio- 


monas by serving to concentrate infective 
stages, and by providing a motive for the 
birds acquiring tliese stages, sometimes in 
considerable numbers. Consequently, abso- 
lute freedom from contamination of out- 
side soil plots or range can hardly be as- 
sured. TTie earthworms migrate to some 
extent in the soil, and on the surface, under 
some conditions. Birds carrying worms to 
their nests may drop them, thus providing 
a source of contamination for plots well 
removed from soil contaminated by in- 
fected birds. 

Attiuopod transmission of blackhead has 
been considered by many workers. Smith 
(1895) dismissed the possibility because 
"certain flocks only arc infected." Curtice 
(1907a) raised poults free of blackhead al- 
though "they undoubtedly ate all sorts of 
insects.” Tyzrer and Fabyan (1920) failed 
to produce blackhead in a turkey fed 135 
laboratory-raised blowflies {Calliphora 
erythrocephala) that had recently been al- 
lowed to feed on lesions from experiment- 
ally infected birds. Another turkey that 
ate crickets and grasshoppers in a field ad- 
joining its pen also remained healthy. 
Tyzzer et al (1921) also failed to infect any 
of S poults that were permitted to consume 
large numbers of blowflies that had fre- 
quented adjoining poultry yards. How- 
ever, DeVolt and Davis (1936) had 5 cases 
of blackhead among 67 poults that con- 
sumed trapped houseflies, and Frank (1953) 
was able to transmit blackliead to poults 
bv feeding houseflies, certain flesh flies 
(Lucila), and grasshoppers of several 

^The recent studies on the direct trans- 
mission of Historoonas in the absence ot 
Heterakis ova indicate that transmission y 
ihe ingestion of insects with histomonads. 
but no heterakids, is unlikely. Presumably, 
any insect, or any other organism, m con- 
ua with the soil and capable of "S 

Hetetttki, ova, eatern.ll, J 

could serve as a mechanical earner of histo 
monads. . •_ 

The absence of Histomonas 
peripheral circulation of 
!aten by most investigators to indicate that 
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were ingested. The identity of the flagel- 
late cultured with the forms found in 
blackhead was proved by rectal inocu- 
lations into chickens, which showed large 
numbers of the parasites in the cecal dis- 
charges within 3 days and then developed 
typical blackhead. Tyzzer (1934), DeVolt 
and Davis (1936), and Bishop (1938) also 
obtained very successful cultures of Histo- 
monas meleagridis using various modifi- 
cations of the diphasic medium employed 
by Drbohlav. Bishop was apparendy the 
first to culture organisms from liver 
lesions. She was also the first to report the 
continued propagation of Histomonas on 
a liquid medium, employing that used by 
Laidlaw et al. (1928) for estimating the 
toxicity of emetine for Entamoeba histo- 
lytica. Delappe (1953a. b. c. and d), using 
Laidlaw’s medium, found, among other 
things, that Histomonas is a facultative 
anaerobe. 

DeVolt (1943) grew Histomonas mele- 
agridis in a medium consisting essentially 
of Locke’s solution with glucose reduced to 
0.2 gm. per liter, to which had been added 
2 per cent turkey or chicken serum, and 2 
per cent N/20 NaOH to prevent the pre- 
cipitation of the serum as the medium was 
autoclaved. 

Various workers have used modifications 
of DeVolt’s medium. Lesser (1960a) omit- 
ted the N/20 NaOH, thus lowering the pH 
of the medium considerably, and added 
sterile bovine serum after autoclaving. He 
also showed that cream could replace the 
serum in the above-mentioned medium, 
and could also be used in a modification of 
tissue culture medium “199" (Lesser, 
1960b). He later (1961b) reported that 
certain cholesterol compounds could be 
used instead of cream. However, the cream 
had the ability to protect the histomonads 
from the adverse effects of amphotericin B, 
whereas the cholesterol compounds did not 
(1963). Lesser in all instances used anti- 
biotics to kill the bacteria which were 
added to the Histomonas cultures. He 
found that he could dispense with the dead 
bacteria if fresh hamster liver tissue was 
added to the medium (1961a). 


Goedbloed and Bool (1962) grew Histo- 
monas meleagridis of liver origin in the 
culture media of Dobell-Laidlaw and 
Boeck-Drbohlav to which were added 
Escherichia coh, Staphylococcus aureus, or 
Klebsiella. These authors do not specify 
whether the histomonads could be main- 
tained through successive transfers on 
media to which single species of bacteria 
were added, but they did succeed in infect- 
ing turkeys by the rectal inoculation of 
histomonads grown in what was apparently 
the initial culture in these media. 

In general, Histomonas meleagridis ap- 
pears to require something contained in or 
liberated by one or more species of bac- 
teria, except that under some conditions 
the presence of fresh tissue may provide the 
deficient constituents (Lesser 1961a). The 
results obtained by Doll and Franker (1963) 
in their attempts to infect young gnotobiot. 
ic turkeys with Histomonas transmitted by 
feeding embryonated eggs of Heterakis ap- 
pear to suggest the same thing. 


Immunity and Immunixotion 
Natural Immunity. As has already been 
mentioned, not all gallinaceous birds are 
equally susceptible to blackhead. Some 
breeds of chickens possess considerable re- 
sistance to the disease, whereas turkeys of 
all breeds seem to be quite susceptible. 
Curtice (1907b) observed. "No breed of 
turkeys thus far tested is immune to the 
blackhead disease, for all of them, at all 
ages, so far as tried, have died of it. This 
is still true. However, some turkeys of all 
ages have sufficient natural immunity to 
rBist infection as a result of usual expo- 
sures, or even fairly heavy experimental 
inoculations (Lund. 1955). Curtice also 
noted that "older turkeys apparently resist 
the disease better than those which are ve^ 
young, since about 20 per cent of he 
former have been found to die in the 
course of the year, and about 90 per cent 
of the latter." This was a “Pf' 

rience during the early decades of this cen 
tury. Obviously, two explanations are po^ 
s!Se: (1) the most susceptible birds had 
died before reaching maturity, and (2) 
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older birds had acquired immunity from 
previous subletlial or subclinical attacks. 
Both circumstances may have operated. 

By 1951, when management practices 
were greatly improved, but before tlic selec- 
tive use of effective drug control became an 
extremely common practice, a large-scale 
study (Bergesen. 1952) revealed that black- 
head mortality of young turke>s and lliat of 
breeders was about equal, on a per capita 
basis, about 1.8 per cent. One can, of 
course, never be sure what projiortion of 
the birds saved as breeders had ever ac- 
quired blackhead as poults. 

Active Acquired Immunity. Early at- 
tempts to demonstrate the development of 
active acquired immunity under cxjscri- 
mental conditions gave variable results. 
Tjzaier et al. (1921) reported that a turkey 
that had recovered from experimentally in- 
duced blackhead resisted infection by sub- 
cutaneous inoculation. However. Tyzzcr 
and Fabyan later reported (1922a. b) Uiat 
"the protection afforded by a single attack 
is not permanent." Still later. Tyzzcr 
(1932) reported that hisiomonads of a 
pathogenic strain lost their pathogenicity 
after two years of cultivation in vilro, and 
that chickens inoculated with organisms 
from such cultures developed no blackhead 
when inoculated with pathogenic hisio- 
monads. Subsequently (1934, 1936) he re- 
ported somewhat comparable results after 
having used his attenuated strains with 
turkeys, but observed that the immunity 
lasted longer when reinforced by exposure 
of the birds to virulent strains while the 
immunity produced in response lo the 
original inoculum was still high. Further- 
more, he reported that after long con- 
tinued in vitro cultivation, the attenuated 
histomonads lost even their ability to pro 
duce a transient immunity. In general, 
Tyzzer concluded that from the practical 
standpoint the development of a vaccine 
for protecting turkeys from the ravages o! 
blackhead was beset with difficulties, and 
still far in the future. 

IVith the discovery of drugs effective in 
the control of blackhead, a new stimulus 
was given to studies on immunity because 
turkeys could then be given initial inocu- 


lations with virulent histomonads, and still 
be protected against fatal or extremely 
scseie blackhead, thus assuring lire survival 
of the birds for later challenging. How- 
ever, the icsults obtained by testing for 
iniinunily in drug-treated birds iiavc varied 
considerably. Sautter et al. (1950) com- 
ment that little immunity was obtained 
from experimental infections if birds re- 
covered as a result of drug Utcrapy. If any 
immunity was developed at all, the "turkey 
must be markedly ill, almost to the |)oint 
of death, and then recover." DeVolt el al. 
(1954) obtained essentially the same re- 
sults. Swales (1950), Kendall (1957), and 
Clarkson (19C3) had some turkeys that re- 
sisted Histoniotias infections after having 
recovered from blackhead kept under con- 
trol by the use of drugs. Apparently im- 
munity is .ibscnt or negligible If Uic drug 
IS used in such a way that little tissue in- 
vasion occurs as a result of the initial 
munizing”) infection or infections, but is 
significant if tlic drug is not employed 
until the hisiomonads .-ire plentiful in the 
tissues 

Clarkson has demonstrated the presence 
of scrum prccipitins as early as seven days 
after the antigen could be detected in the 
cccal content, but by this time there was 
extensive proliferation of histomonads in 
the cccal mucosa, and the cecal content 
contained large numbers of organisms. He 
makn the following pertinent statement: 
"U is not suggested that the precipitating 
antibodies demonstrated in turkeys and 
fowls are a measure of the resistance of die 
bird to hisiomoniasis, but, like the protec- 
tive immune response, scrum prccipitins 
are connected with the infection of the 
cecal mucosa and persist in both turkeys 
and fowls for a considerable length of 
lime." 

Passive Immunization. Attempts to ob- 
tain passive immunization by the injection 
of whole blood from immunized birds 
(Sautter et al., 1950) or serum from birds 
showing precipitating antibodies (Clarkson. 
1963) have uniformly failed. 

^ Additional Observations and Conclu- 
sions. Lund (1959) attempted to immunize 
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young turkeys by introducing, rectally or 
with Heterakis eggs, a naturally occurring 
nonpathogcnic histomonad that differs 
from Histomonas meleagridis in several re- 
spects. Among these, it does not cause 
blackhead, and is not known to multiply 
in the tissues but apparently only in the 
lumen of the cecum. Rectal inoculations 
with this histomonad, given three to four 
weeks before the poults were challenged, 
afforded some protection against virulent 
strains of H. meleagridis introduced rectal- 
ly, but virtually none against such organ- 
isms introduced with cecal worm eggs. Ap- 
parently the immune response was local- 
ired in the cecal mucosa immediately in 
contact with the lumen-dwelling histo- 
monads, and Heterakis larvae readily pene- 
trated this barrier and released their histo- 
monads beyond it. Perhaps Tyzzcr's strains 
of H. meleagridis, attenuated by extremely 
long culture on artificial media, failed to 
produce an effective immunity for similar 
reasons. 

The search for a means of immunizing 
chickens and turkeys against blackhead 
should continue. There is presently no 
method ci iatmunizition of prsetical use 
to commercial growers. Consequently, any- 
one instituting practices designed to pro- 
tect his birds from blackhead by immuni- 
zation should be atvare that he is definitely 
experimenting. 

Treatment 

The treatment of blackhead in turkeys is 
discussed in Chapter 41, Diseases of 
Turkeys. In general, the same drugs or 
classes of substances used with turkeys have 
been found to have comparable effects with 
chickens, but less emphasis has been placed 
on the treatment of chickens because black- 
head is less frequently of great economic 
importance with these birds. As is the case 
with turkeys, no one method of treatment, 
nor, indeed, any combination, is completely 
satisfactory. Control by good management 


practices is essential to the success of any 
program of prophylaxis or therapy. 

Many drugs, some closely related to 
others, and all comprising about half a 
dozen categories of compounds from the 
standpoint of chemical constitution, have 
been used svith some success against either 
the histomonad, the cecal worm, or, in rare 
instances, both. ^Vehr ei at. (1958) gave an 
excellent, concise review of the more im- 
portant of these drugs, their use, and 
effects. They also included a very useful 
list of references. Persons interested in pur- 
suing the subject of chemical control in de- 
tail should consult this paper and the liter- 
ature cited therein. Anyone interested 
merely in treating birds to prevent eco- 
nomic loss should seek information from 
local sources as to the treatments that have 
been most successful in his area. Soil struc- 
ture. climate, local practices, and other con- 
siderations may inffuence the choice of a 
drug. 

Since the appearance of the aforemen- 
tioned review, there have been reports of 
the use of certain other substances. Lucas 
(1961, 1962) and Condren et at. (1962) have 
reported on tests employing 1,2-dimethYi- 
S-nitroimidazole, and Lindquist (1962) re- 
ported that an antibiotic, Paromomycin 
sulfate, provided 70 to 80 per cent protec- 
tion against histomonads introduced by 
means of Heterakis ova. The effect of the 
latter substance may be primarily on the 
intestinal flora, and only secondarily on the 
histomonads. (See the preceding section 
on “Cultivation.") 

Reid et al. (1960) reported that in con- 
trolled experiments a nitrofuran presently 
used for other purposes suppressed lesions 
of blackhead in young chickens each of 
which received about 300 embryonated 
Heterakis eggs. These workers conclude 
that the use of this drug in large-scale 
broiler operations might result in better 
weight gains and feed conversion if black- 
head is present in the flock. 
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LEUCOCYTOZOON INFECTIONS 

The genus Leucocylozoon Danilewsky, 
1890, is difElcuU to deflcie, but it U {und&- 
menully very close to Plasmodium and 
Haemoproteus. Levine (196J), atter exam- 
ining the life cycles as reported for repre- 
sentatives of each of the tiiree genera, con- 
cluded that ''there is no point in reuining 
more than a single family in the suborder” 
(which he designated as Hemospororina). 
But Fallis and Bennett (1961), after com- 
paring several stages in the life cycles of 
members of the three genera, proposed that 
each genus occupy a separate family, all 
being in the order Hemosporidiida. Vari- 
ations in interpretations appear to rest 
largely on the relative significance ascribed 
to similarities and differences in the life 
cycles. The similarities are, of course, im- 
pressive. 

The gametocytes of Leucocytozoon, sup- 
posedly without pigment, appear in the 
circulating blood inside distorted host cells, 
presumably leucocytes, and multiplication 
is by schizogony undergone only in the in- 


lernai organs. As in the malarias, there is 
a blood-sucking dipterous intermediate 
host in which fertilization and sporogony 
take place, very much as in the case of the 
true malarial parasites. There has been 
considerable difference of opinion over the 
nature of the host cell of the gametocytes, 
but Huff (1942) found evidence that in 
Leucocylozoon simondi, while various 
types of cells are initially invaded, this 
stage becomes fully grown only in “mono- 
cytes, or more possibly macrophages.” 
Hartman (1929) and O'Roke (1934) and 
others have observed pigment granules in 
the cytoplasm. Huff (1942), however, has 
pointed out that such granules may not be 
true hematin such as occurs in malarial 
parasites that develop in erythrocytes, be- 
cause it is not visible as pigment in un- 
stained preparations and its optical prop- 
erties are different from those of malarial 
pigment. Borg (1953) could remove the 
pigment from L. mansoni witli dilute acetic 
acid and ammonia, but not from Haemo- 
pxoteus. The nucleus of the male gameto- 
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cyte 2 S so! 22 ewhat than that al the 

female and stains less deeply, and its cyto- 
plasm also stains less deeply. (See illustra- 
tion of Leucocytozoon in Chapter 41.) 

Birds seem to be the sole hosts of Leu- 
cocyCozoon. Coatney (1957) has cataloged 
and host-indexed 68 species up to that year. 
The card files of the U.SJ).A. Index Cata- 
log of Medical and Veterinary Zoology list 
almost 100 species of Leucocytozoon, but 
perhaps a quarter of these are now re- 
garded as synonyms, or are otherwise out 
of use. At least two, and probably three, 
species occur in domestic birds in North 
America. Leucocytozoon simondi occurs in 
domestic ducks and geese, and has been re- 
ported from many wild anseriform. birds. 
Levine and Hanson (1955) tabulated re- 
ports of this parasite from 23 species of 
wild waterfowl. Leucocytozoon smithi 
occurs in domestic and wild turkeys. Atch- 
ley (1951) described Leucocytozoon an- 
drewsi, n. sp., from chickens in South Caro- 
lina. Levine (1961) regards this as a syno- 
nym of L. eaulleryi, a species reported by 
several investigators as present in chickens 
in southern and eastern Asia. Wehr (1962) 
observed, 'The status of L. andrewsi is in 
doubt, and cannot be determined until 
more is known of its development and 
mode of transmission in the clticken." 

L. simondi Mathis and Legcr, 1910, 
first described from an oriental teal in 
Tonkin, is found in the blood as game- 
tocytes measuring }4ft-l5fi by 4.5/1-5.5/* in- 
side for the most part, elongate spindle- 
shaped host cells pointed at both ends and 
about 48>t in length. The jjarasite either 
lies beside a conspicuously staining bar 
or beiiveen two sudi bars representing the 
nucleus of the host cell. Huff identifies the 
latter as a distorted monocyte or macro- 
phage. Fallis et al. (1951) observed round 
gametocytes in addition to the spindie- 
shaped, which were mature because of die 
ability to cxflagellate. L. analis ^Vickwatc 
(1915), described from tame ducks, apjscars 
on morphological grounds to be a synonym 
of L. simondi. (See Coatney and Rouda- 
buib. 1937; Herman, 1958.) L. anseris 
Knmh and Magdeburg, 1922. desaibed 


from geese, appears to be another synonym. 
Fallis et al. (1954) found in cross-infection 
trials that ducks and geese were suitable 
hosts for this species, but chickens, turkeys, 
pheasants, and ruffed grouse were not. 
Schizogony takes place in such internal 
organs as the liver, heart, brain, spleen, and 
lungs. According to Huff (1942), the ear- 
liest stages consist of small ovoid bodies 
inside macrophages, extracellular, or 
within liver (parenchyma) cells, and show- 
ing some degree of separation of their 
more densely staining material. The "he- 
patic schizonts" in liver cells, measuring 
11 ^- 18 / 1 , undergo differentiation into, first, 
cytomeres, and these in the final step in 
schizogony break up into small merozoites. 
The ‘'megaloscliizonts,’’ measuring 60/i- 
105/* when mature, mostly develop inside 
celh, possibly lymphoid cells or macro- 
phages, within or outside blood vessels. 
The earliest stages observed were inside 
cells and were already rauliinudear. Later 
stages were very large and contained num- 
erous cytomeres (intermediate subdivisions 
of a s^izont) and a large, conspicuous 
"central body” concerning whose true 
nature Huff is not certain, but he conjec- 
tures that it is the hypertrophied nucleus 
of the host cell. (Cowan, ) 955, on the other 
hand, interprets the "central body” as an 
integral part of the parasite— a "primor- 
dium"— from whose surface bud off the pri- 
mary cytomeres.) In the last step of scliizog- 
ony the mcgaloschizont contains many 
thousands of bipolar merozoites being re- 
leased into die gametocytes after invading 
suitable cells. Fallis et al. (1951) noted 
mature forms in peripheral blood as early 
as 7 days after exposure to natural infec- 
tion, and later Fallis et at. (1956), 5 to 6 
days after. Parasitemia may terminate in 
about SO days of its first appearance 
(Chemin, 1952c). 

O’Roke (1931) first showed a blood- 
sucking fly, Simuh’um venuslum, to be the 
vector among ducks in Michigan and out- 
lined the development in this insect, Fallis 
et al. (1951, 1956) have added S. croxtont, 

S. euradminiculum, and S. rugglesi to the 
list of transmitters, with die suggestion 
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that the latter is the natural vector in Can- 
ada. Development in the fly may be com- 
pleted in a minimal time o£ 4 days and a 
fly may remain infective for as long as 18 
days. 

There is no doubt about the pathogenic- 
ity of L. simondi in ducks and geese. 
O’Roke in Michigan noted 35 per cent 
mortality in an outbreak among ducks, 
confirming in general the observations of 
Wickware (1915) in Canada, while Knuth 
(1922) and Knuth and Magdeburg (192^ 
reported on a serious and often fatal dis- 
ease among young geese in Germany ap- 
parently caused by the same organism. 
(See also Stephan, 1922.) About 68 per 
cent of the fatalities occur from 11 to 19 
days after exposure (Chernin, 1952a). 
Some of the pathological effects of the dis- 
ease are anemia, leucocytosis, splenomeg- 
aly, and liver degeneration and hyper- 
trophy (Fallis et al., 1951). Extensive tis- 
sue damage was noted by Huff (1942) in 
the spleens and hearts of ducks carrying 
megaloschironts. O’Roke (1950), Chernin 
and Sadun (1949), and Chernin (1952a) 
have noted that the greatest number of in- 
fections in Northern Michigan is coinci- 
dent with the hottest part of the summer 
and occurs mostly in July. 

O'Roke (1934) and Huff (1942) both 
observed that the gametocytes decrease in 
number in the blood until in midwinter 
they had either disappeared or become 
scarce, and that they reappeared in the 
spring. The sporadic occurrence of para- 
sites in the blood during the entire winieT, 
however sparse they may be, indicates that 
sporogony is proceeding at a low level. Af- 
ter a three-year investigation of the spring 
relapse phenomenon. Chernin (1952b) 
concluded that it was associated with the 
onset of renewed reproductive activity in 
both sexes of the avian host. Female ducks 
subjected to increased hours of artificial 
light per day in the fall and winter not 
only commenced egg laying earlier, but ex- 
perienced earlier onset of the relapse para- 
sitemia. 

L. smith! Laveran and Lucet, 1905, was 
first seen in turkeys in eastern United 


Sutes by Theobald Smith (1895), after 
whom it is named. It has been reported by 
Volkmar (1929) as occurring in North 
Dakou and Minnesota, by Skidmore 
(1932) in Nebraska, by Johnson (1942, 
1945) in Virginia, and Hinshaw and Mc- 
Neil (1943) in California. Other reports 
indicate its presence in France, Germany, 
Crimea, and Canada. The parasite in gen- 
eral resembles L. simondi of Anseriformes, 
but turkeys arc probably not susceptible to 
the latter (Fallis et al., 1954; Byrd, 1959). 
Terrific losses have been experienced 
among poults, and even adults, e. g., Stod- 
dard ct al. (1952) reported an outbreak in 
Georgia wherein a grosver suffered a 75 per 
cent loss in a flock of 1600 five-raonth-old 
turkeys presumably due to Leucocytozoon 
disease. Flies of the genus SirauHum were 
observed in the vicinity of roosts and feed- 
ing troughs. The widespread occurrence of 
the parasite in certain areas is emphasized 
by Uie survey of Travis et al. (1939) on 
adult domesticated turkeys during which 
289 of 357 were found infected in Georgia, 
60 of 67 in Florida, 4 of 12 in Alabama, 
and 7 of 9 in South Carolina. Mosby and 
Handley (1943) reported the parasite in 
40 per cent of 268 turkeys in Virginia, of 
which 40 were domestic. 183 were captivity- 
reared wild turkeys, and 45 were wili 
Others who have reported Leucocytozoon 
in captive wild turkeys are Johnson et al. 
(1938), Wehr and Coburn (1943), and 
Travis et al. (1939). while Kozicky (1948) 
found it in all of 5 native wild turkeys 
taken in the field in Pennsylvania. 

Byrd (1959), who studied Leucocytozoon 
in pen-raised and free-ranging wild turkeys 
in the Cumberland State Forest of Virginia, 
repoiied incidences of almost 100 per cent 
among mature birds maintained in large, 
open pens in the spring. However, he ob- 
served, "Heavy infections, comparable to 
those reported for L. simondi in dud:s, do 
not seem to occur,” and "Few symptoms 
were observed in wild turkeys that could be 
attributed to the disease.” He attempts to 
relate this lack of pathogenicity to local fac- 
tors, such as the time at which suitable vec- 
tors were prevalent, and the age of the 
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birds at first exposure. With regard to the 
vector, Byrd observed, "The period of in- 
fection for the disease on the Cumberland 
forest is such that P. [Profimufium] hirtipes 
appears to be the only species responsible 
for its tTansmhsion." Byrd considers the 
possibility, also, that wild turkeys may 
"have developed some degree of natural 
resistance to the disease" (leucocytozoono- 
sis). 

Skidmore considered Simulium occiden- 
tale to be the vector concerned in a Nebras- 
ka outbreak of leucocytozoonosis in domes- 
tic turkeys, while Johnson (1938) found 
S. nigroparvum to be the vector in Virginia. 
Wehr (1962) studying outbreaks of Leuco- 
cytozoon infection in domestic turkeys in 
South Carolina, transmitted the parasite 
experimentally by intramuscular injections 
of suspensions of ground blackflies, Simu- 
Hum slossonae. He cites communications 
with others working in the same region 
who also found this species of blackfiy to 
transmit the disease. Wehr, studying schi- 
zogony in the domestic turkey, found in- 
dications that the life cycle of L. smithi 
may differ in some details from that of L. 
simondi in ducks. These observations were 
in agreement with those of some earlier 
workers, such as Richey and Ware (1955) 
and Newberne (1955). 

The single instance in which Leucocy- 
tozoon has been reported from chickens 
in North America (Atchley, 1951) gives no 
indication of the pathogenicity of the par- 
asite in this host. Levine (1961), who re- 
gards Atchley’s organism as having proba- 
bly been L. caulleri, concludes, "This 
species is presumably pathogenic, but ac- 
counts of it have been so mixed up with 
those of L, sabrazesi” (a species thus far 
known only from southeast Asia) "that its 
pathogenicity is uncertain." 

L. sabrazesi Mathis and Leger, 1910, was 
frequently found by its describers in chick- 
ens in Tonkin. Kuppusamy (1936) con- 
siders it a pathogen of economic impor- 
tance in Malay. The gametocytes in the 
blood, like L. simondi, are enveloped in 
elongate spindle-shaped host cells, pointed 
at both ends. L. schuffneri Prowazek. 1912, 


from domestic fowl in Sumatra, may be a 
synonym. L. caulleryi Mathis and Leger, 
1909, was also observed in the blood of 
chickens in Tonkin. The gametocytes 
were enveloped in round host cells which, 
when the parasites were mature, were fre- 
quently without nuclei. 

L. andrewsi is a species with rounded 
gametocytes described by Atchley (1951), 
who found it in 15.3 per cent of 400 chick- 
ens examined in South Carolina. This para- 
site may be synonymous with L. caulleryi, 
but the describer considered the regular 
presence of the nucleus in the host cell 
sufficient basis for the creation of the new 
species. 

L. mansoni Sambon, 1908, from the 
Swedish capercaillie (Tetrao urogallus) 
has been the subject of an intensive inves- 
tigation by Borg (1953), whose results led 
him to conclude that this and similar 
parasites occurring in Swedish forest game 
birds have no significant role in the wide- 
spread mortality in their hosts (capercaillie, 
black grouse, hazel grouse). Gametocytes 
were of three types — round, oval, and 
elongated. The host cells of the latter two 
types had tails at the two extremities un- 
less they were worn off. 

Treaonenf. Drug treatment has been 
reviewed by O’Roke (1934) and Coatney 
and West (1937). Pamakin (plasmochm) 
proved unsatisfactory, but quinine showed 
promise if fed for a time before adult 
gametocytes showed in the blood, but did 
not affect adult gametocytes. Coatney found 
(hat atabrin did attack the adult game- 
tocytes. On the other hand, Fallis (1948) 
had no success in curing or suppressing in- 
fections of L, simondi in ducks with palu- 
diine. atabrin, or sulfamerazine. He was 
inclined to blame the resistance of the tis- 
sue stages for the failure. 

Control. Control is only to be attained 
through management. This means, prin- 
cipally. that duck and turkey culture 
should not be attempted in regions where 
there is running water serving as breeding 
places for an abundance of black flies 
(Simulium). Otherwise, it is necessary to 
y yifn the young ducks from the flies. 
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\vhich is difficult. Removing parasiliied 
young and adult birds from the flock would 
also prove helpful in some instances. Since 
the young are more susceptible to the dis- 
ease than the adults, it would help also to 
control the disease if ducklings were 
hatched either before or after the main 
black fly season (see O’Roke. 1934). 

Anthony and Richey (1958) attempted to 
control outbreaks of L. smil/u in domestic 
turkeys in South Carolina by spraying the 
breeding grounds of the black flies with 
DDT. This was very effective for two 
weeks and moderately so for another two 


weeks. After that, near drought conditions 
desxlopcd, so black fly control actually 
averaged almost 95 per cent effective over 
a 10-wcek period. Nevertheless, poults 
placed on range four weeks after the appli- 
cation of DDT to the black fly breeding 
grounds started showing Leucocytozoon 
disease within two weeks of release. With- 
in another 4 weeks, 80 to 100 per cent of 
the birds tvere infected. Anthony and 
Richey suggested that otlier diptera may 
have been responsible for the transmission 
of the disease. 
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TOXOPLASMA INFECTIONS 

Toxoplasmosis is an infection of mam- 
mals and birds with Toxoplasma gondii 
Nicolle and Manceaux, 1909, whose type 
host is the rodent Ctenodactylus gundi, 
the gundi of North Africa. This micro- 
organism is known to occur naturally in 
at least 24 genera of mammals belonging 
to 7 orders and a number of species of birds 
of several orders (Manwell and Drobeck, 
1953a), and, perhaps, in certain reptiles 
also (Fig. 37.6). Some of these hosts 0®' 
cobs, 1956) are moles, gundis, guinea pigs, 
mice (but laboratory strains do not ordi- 
narily harbor the organism), rats, rabbits 
and hares, dogs, foxes, cats, swine, sheep, 
cattle, baboons, chimpanzees, monkey, 
man, pigeons, and chickens. Capercaillie, 


black grouse, hazel grouse (Borg, 1953), 
crows (Finlay and Manwell, 1956). and 
barnyaid geese (Biering-Sorensen [1957] 
dye test) may be added to this list. Interest 
in the parasite increased sharply about 1939 
when its importance in man became evi- 
dent. Thereafter interest in toxoplasmosis 
in all animals burgeoned, partly because 
of its potentially serious and multifarious 
effects on human beings and the epidemio- 
lorical community of interest people share 
with animals in its dissemination, and 
parUy because of its actual or potenual 
role in causing losses among livestock. Ex- 
panding interest reflected in pubhrations 
S the subject required 2.000 utles by 
1956 (Hoare), most of which are 1«“^ 
two bibliographies (Eyies and Frenkel- 
1952, 1954). (See also Markham, 1956.) 
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FIG. 37.6 — 1, 2— Toxoplosma badie* In lymphoid cell* of a ground squirrel. 3— free 
Toxoplasma in some host, individual on left in division. 4— Toxoplasmo in cytoplasm of 
nerve cell of rabbit. (1—3, after Satsuchin; 4, offer levoditi et coll.) 


Present interest is restricted to avian toxo- 
plasmosis, but more general information 
is available in reviews by Hoare (1956), 
Jacobs (1953), Manwcll and Drobcck 
(1953a, b), Brooke (1955), and the 1956 
symposium papers (in order) by Mark- 
ham, Jacobs, Feldman and Miiler, Silm, 
Eichenwald, Frenkel, and Eyles. 

The taxonomic position of Toxoplasma 
remains uncertain. Wenyon (1926) placed 
it among organisms of doubtful nature, 
perhaps not protozoal at all. Manwell and 
Drobeck (1953a) and Ludvik (1956) have 
indicated ways in which it resembles Sar- 
cocystis. Goldman et al. (1957) have point- 
ed out structural similarities in Toxoplas- 
ma gondii and Besnoita jelltsoni, although 
they found these two organisms to be sero- 
logically distinct. Levine (1961) considered 
Toxoplasma as belonging to the same or- 
der as Sarcocystis, but separated the two 
at the family level, placing Toxoplasma 
in the same family as Besnoita and En- 
cephalitozoon. Westphal (1954) regarded 
Toxoplasma as a nonSagellat^, Uneto- 
plast-free leishmanial type, and suggested 
that it is a member of the Trypanosomidae 
but this view has apparently received little 
support. 

The trophozoite of Toxoplasma is a cres- 
centic body, less rounded at one end than 
the other, measuring 4/t-7f4 in length 
and 2/i-4|i in width. The nucleus is neatest 
the thicker end. An electron microsc»pe 


study (Gustafson el al., 195-1) has revealed 
a small hollow cone at the more tapering 
end, and, radiating from the cone’s base 
toward the diicker end, 14 to 16 homog- 
enous fibrils. The toxoplasm is capable 
of scseral types of movement of translation 
(Manwell and Drobeck. 1953a). Reproduc- 
tion is principally by binary fission of this 
stage inside a vacuole in one of a consider- 
able variety of host cells — macrophages, 
lymphocytes, parencltymal cells of liver, 
adrenals, lungs and brain, microglia, neu- 
roglia. etc. A form of internal budding 
(endodyogeny) was described by Goldman 
et al. (1958). and this was in part confirmed 
by Gangi and Manwell (1961). However, 
the latter investigators did not see all 
suges characteristic of endodyogeny, and 
they made the interesting observation, "the 
inability to demonstrate cytochemically 
DNA in the parasites stained witli silver 
protein suggests that morphologic struc- 
tures seen in endodyogeny are not primar- 
ily involved tvith the distribution of game- 
tic material." Repeated binary fissions 
result in an accumulation of toxoplasms, 
which has been called a terminal colony, 
occupying the greater part of the host 
The members of the colony are re- 
leased by rupture of the cell and invade 
oAer cells. Certain workers, apparently 
With good evidence, insist that schizogony 
also occurs but that it is unusual (see Per- 
eira de Castro, 1955). In the chronic or 
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latent infection a cystlike stage is charac- 
teristic and predominant. It is a round or 
oval agglomeration of toxoplasma, usually 
found in the brain, measuring 14.5/«-37.7fi 
across and enclosed by a wall of sufficient 
tenacity to hold the structure together 
when the surrounding tissue is disinte- 
grated by shaking with glass beads (Rod- 
hain, 1950). Jacobs et ai (1960) reviewed 
the recent literature dealing with these cyst- 
like bodies and concluded that tlicy may 
properly he called ‘‘cj’sts" ratlier than 
■‘pseudocysis,’’ as some have suggested. 
They also demonstrated that llie cyst wall 
was destroyed immediately on contact with 
a peptic digest solution heated to 37“ C., 
and that the toxoplasmas so liberated re- 
mained infective for mice after exposure 
to the pepsin-HCl solution 1 Vi to 2 hours, 
but not after exposures of 3 hours or more. 
The cyst wall was digested in I per cent 
trypsin, also, and toxoplasmas remained 
viable in this solution after 6 hours. Pro- 
liferative toxoplasmas did not withstand 
the action of artificial gastric juice for even 
very brief intervals. 

The manner in which toxoplasmosis is 
spread is unknown. Congenital trans- 
mission has positively been established in 
such mammals as human beings (Feldman 
and Miller, 1956), dogs (Koestner and 
Cole, 1960), pigs, and cattle. Presumably 
in such cases the mother was experiencing 
an acute attack, either the primary one or 
an exacerbation of a chronic infection. 
The possibility of filth transmission exists 
because the parasites have been found in 
the feces, urine, and other bodily elimina- 
tions of infected animals, though corrobo- 
rative experimental evidence of it is mostly 
lacking. The organisms have been found 
in cow’s milk. The ingestion of infested 
flesh is another likely possibility, particu- 
larly the flesh of chronic cases where pseu- 
docysts are present. The susceptibility of 
the parasites to drying, freezing, moderate 
heat, gastric juice, and even under ordinary 
conditions to such fluids as physiological 
salt solution and culture media outside the 
animal body militates against the contact 
or filth-borne hypothesis, but does not al- 


together exclude it. Venereal transmission 
is another possibility, but again corrobora- 
tion is lacking. 

Transmission by blood-sucking arthro- 
pods such as ticks, mites, mosquitoes, fleas, 
and lice has been suggested and deserves a 
certain degree of plausibility because of 
the occurrence of the parasites in the cir- 
culating blood, usually inside monocytes. 
Wolfson (1941) worked with a strain 
which she obtained from a worker who had 
first observed it in a guinea pig whi^ had 
been "injected with some tides.” A limited 
number of successful experimental trans- 
missions witli certain ticks and a species 
of louse lend further credence to the hy- 


pothesis (Woke ct al; 1953). 

The first report of spontaneous toxo- 
plasmosis in chickens was that by the 
German veterinarian Hepding (1939), 
who found the organisms, which he con- 
sidered secondary invaders, in the retina of 
a hen with neurolymphomatosis. Other 
early observers are mentioned by Erichsen 
and Harboe (1955a). The latter workers 
studied an outbreak with some fatal ill- 
nesses in a small flock of White Leghorns 
in southern Norway. The outstanding 
symptoms of the sick birds were anorexia, 
emaciation, paleness and shrinking of the 
comb. and. in some instances, diarrhea 
and blindness. Nine birds from the flock 
were necropsied and of these Toxoplasma 
was observed in sections of the orgam of 
five, but not in the eye despite the diffuse 
chorioiditis. In an important later study 
by die same authors, two experimentally 
infected birds and one naturally infected 
bird were found to have developed multi- 
ple gliomas in their brains. Intracerebral or 
intraperitoneal injections of suspensions 
of tissue from three birds resulted in Toxo- 
plasma infection in three mice. Tjie most 
outeUnding lesions were focal and diffuse 
pericarditis, myocarditis, necrotizing en- 
cephalitis, necrotic hepatitis, and ulcer- 
ative gastroenteritis. The dye tests were 
either negative or feebly positive. 

A rapidly developing outbreak (m Bra- 
riiy in which the total mortality was 50 
p« cent and almost the entire flock was 
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affected, tvas reported by Nobrega et al. 
(1955). Symptoms were similar to those of 
coccidiosis except that the stools svere 
whitish. Outstanding necropsy findings 
were enlarged liver and spleen with necrot- 
ic foci, heart pale with yellowish-white 
nodules of various sizes, and lungs with 
extensive areas of congestion and consoli- 
dation. Toxoplasma was observed in 10 
of 15 chicks examined, both in smears of 
lungs, liver, and spleen stained with Giem- 
sa and in tissue sections of spleen, heart, 
and lungs, but with one exception not in 
the central nervous system. The parasite 
was demonstrated in mice four to six 
months after intracerebral inoculation 
with organ suspensions. 

Biezing-Soremen (1956) in Denmark 
diagnosed toxoplasmosis in 35 bens from 
21 flocks out of 26,000 fowls neaopsled. 
Of these, 11 showed neaosis of the optic 
chiasma. In an epidemiological study of an 
area where toxoplasmosis had been found 
in fowls, the same author (1957) found 15 
of 57 hens, all of 6 human beings, 4 of 22 
geese, 2 of 6 horses and 7 of 8 pigs positive 
to the die test. Furthermore, mouse inocu- 
lation tests shosved 8 fowls to be harboring 
the parasite. Pseudocysts were demon- 
strated in S fowls. 

A number of tvorkers have reported the 
natural occurrence of toxoplasmosis in the 
common pigeon (Carini, 1911; Reis. No- 
brega, and Reis, 1936; Nobrega and Reis. 
1912; Springer, 1942; Johnson, 1944; Feld- 
man and Sabin, 1949; Wikior, 1950; Man- 
well and Drobeck, 1951; Jacobs et al., 
1952). The last-named authors found pos- 
itive evidence of toxoplasma infection in 
10 of 80 pigeons trapped in Washington. 
D.C. In a study of experimcnUl toxoplas- 
mosis in pigeons, Jacobs et al. (1953) dem- 
onstrated tliat antibody persists in the 
blood of birds infected with strains of low 
virulence for shorter periods of time iTiat^ 
in birds infected with a strain of high viru- 
lence. 

Diagnosis. (See Brooke. 1955; Eichen- 
wald, 1956: Jacobs et al. 1952, 1953; West- 
phal, 1949; Wcsiphal and Palm, 1953, 
1954.) According to Sabin (1939), the 


capacity to multiply and produce disease 
in a variety of hosts, including mammals 
and birds, is to be regarded as the chief 
taxonomic characteristic of Toxoplasma. 
Morphology as the only guide may be con- 
fusing (sec also Wolfson, 1940). For these 
reasons, intracerebral (0.03 ml.) and in- 
traperitoneal (0.1 ml.) injections of body 
fluids and suspensions of tissues (brain, 
liver, lungs, spleen, etc.) of suspect hosts 
into laboratory mice, hamsters, guinea 
pigs, or young chicks, and subsequent 
microscopic examinations of both fresh 
and stained smears of the inoculated hosts, 
is depended upon both for confirmation 
of positive microscopic diagnosis and for 
revealing the presence of the etiological 
agent in cases where the microscopic ex- 
amination is negative. Of course, the ac- 
tual demonstration of the parasite in the 
original case is in itself a valuable diag- 
nostic accomplishment. Positive animal 
transmission adds much to the reliability 
of the diagnosis. When ascites or other 
symptoms of illness develop in the experi- 
mental host, the peritoneal fluid and 
smears of brain, liver, lungs, spleen, etc, 
should be examined for the parasite. If 
no parasites are found, or if the inoculated 
animals do not show symptoms in 7 or 8 
days, blind passages should be made from 
the inoculated animals to another series. 
With chickens and pigeons, a large number 
of blind subpassages in laboratory mice 
may be required before the parasite can 
be observed microscopically, or it may not 
be demonstrated at all. 

Direct impression smears of tissues or 
smears of peritoneal fluid stained in 
Giemsa, or tissue sections of brain, lung, 
liver, spleen, lymph nodes, eye, etc, often 
serve for the direct microscopic observa- 
tion of Toxoplasma when the oil-immer- 
sion lens is employed. Rarely, the para- 
sites are seen in blood smears, inside mono- 
cytes, or free. 

There are at least four serological tests: 
the rabbit skin neutralization test, the 
complement-fixation test, the skin test, and 
Sabin and Feldman’s (1948) alkaline 
methylene blue dye test, simply called the 



dye test. The latter is the most practical 
under a variety of conditions. Unfortu- 
nately, infected chickens often respond but 
weakly to the dye test, but pigeons perform 
better, except in infections of long stand- 

ing- 

Symptomatology and necropsy findings 
alone are not sufficiently reliable to be 
depended upon for final diagnosis. 

Cultivation. Cook and Jacobs (1958) 
tabulated the history of in vitro cultivation 
of Toxoplasma. Kaufman and Maloney 
(1962) studied the organism's multipli- 
cation in tissue culture, and suggested that 
certain relationships may exist between the 
rate of multiplication of a strain of Toxo- 
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pln<ma and its susceptibility to anumeta- 
bolic drugs such as pyrimethamine and the 
sulfonamides. 

Treatment. (See Eyies, 1956.) Both sul- 
fonamides (especially sulfadiazine, sulfa- 
methazine, sulfamerazine. and suUapyra- 
zine) and the 2.4-diaraino pynmidines 
(especially pyrimethamine = Darapnm) 
have been shown to be effective m treating 
mouse and human infection. Eyies and 
Coleman (1953) discovered that Darapnm 
and sulfonamides act synergisucally. so 
that it was possible to obtain chemothera- 
peutic effect with much lower combined 
dosages than with the two drugs sepa- 
rately. 
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HAEMOPROTEUS INFECTIONS 

The genus Haemoproieus belongs to 
the family Haemoproteidae which is fun- 
damentally like the family Plasmodiidae, to 
which tlie true malaria parasites belong, 
except that schizogony occurs in endo- 
thelial cells of internal organs rather than 
in circulating blood cells. Ordinarily It is 
impossible to transfer the infection by 
inoculation of infected blood, as can be 
done with the true malarias. (C£. Lasira 
and Coainey, 1950.) Haemoproteus differs 
from Leucocytozoon in two important re- 
spects; (1) while in both genera the 
mature gametocytes are the stages gener- 
ally occurring in die circulating blood, 
those of Haemoproteus occupy erythro- 
cytes and those of Leucocytozoon, sup- 
posedly, only white cells, such as monocytes 
or macrophages; (2) true malarial pig- 
ment is produced in the gametocytes of 
Haemoproieus, while the pigmenUike 
granules of Leucocytozoon, if any, dis- 
appear from specimens on stained slides 
after washing in dilute acetic acid and am- 
monia. The life cycle in general parallels 
that of Plasmodium and Leucocytozoon, 
but the intermediate hosts of Haemopro- 
teus species are usually hippoboscid flies, 
commonly called louse flies, though Fallis 
and Wood (1957) have shown that an 
orthorrhaphous insect, a biting midge, 
Culicoides sp., is a suitable intemiediate 
host and transmitting agent of H. nettionis 
of ducks. Coatney (1936) published a 
check list and host index of the genus 
Haemoproteus in which appear 45 specific 
names, most of which are described from 


birds. The genus occurs widely in passer- 
ine birds, owls, flickers, tvoodpeckers, 
ducks, and other types of birds, and in 
certain reptiles as well. Herman (1938a) 
found 50 per cent of the chipping sparrows 
on Cape Cod infected. 

Haemoproteus lophortyx O’Roke, 1929, 
is a pathogenic parasite of California valley 
quail (see O’Roke, 1930, and Herman and 
Glading, 1942). It is doubtful if this bird 
ever completely recovers once it has 
come infected (Herman and Bischoff. 
1949) The vectors are louse flies Lynchia 
hirsuta (cf, O'Roke, 1930) and Stilbome- 
topo impressa (cf. Hetman and Bischoff. 

'^Uier species of quail have also been 
found infected, as follows: in California, 
San Quentin quail, Gambel’s quail, and 
mounuin quail (see Wood and Heman, 
1943); in New Mexico and Arizona, Gam- 
bel's quail and scaled quail; in District of 
Columbia and vicinity, the bobwhite 
(Campbell and Lee, 1953; Hungerford. 

nettionis Cleland and Johnston, 1909, 
has for its type host the Australian teal. 
Anas (=Nettion) castaneum. Herman 
^1954). in a critical review, suggests that 
this is the correct name for the Haemo- 
proteus of Anatidae. and assi^ H. anatis 
Haiba. 1946. and H. hermant Haiba, 1948, 
to synonymy. The gametocytes do not 
affect the size of infected cell, but may 
pash the nucleus aside. 
some of the other known hosts. Indian 
runner duck, common tame ‘^“ck (White 
Pekin) (Chernin and Sadun. 1949). white 
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Chinese goose, Canada goose, %vhhtling 
swan, mallard, black duck, green-winged 
teal, bluc-svingcd leal, cotton teal, shoveller, 
American pintal, \sood duck, baldpate, 
common goldeneye, ring-necked duck, and 
common merganser. (See Herman, 1951, 
1951; Wood and Herman, 1913; Wetmore, 
1911; Lcsine and Hanson, 1953; Fallis and 
Wood, 1957.) The sector in certain p.irt$ 
of North America is probably a spcdcs of 
Culicoides, since Fallis and Wood base 
shown that biting midges o! this genus 
occur in areas where the parasite occurs in 
ducks, will feed on ducks, are suitable hosts 
for the parasite, and, when infected speci- 
mens arc ground up and injected into 
clean ducks, carry the sporozoites capable 
of producing the infection svith an incu- 
bation period of 14 to 21 days. The infec- 
tion appears to be well tolerated by its 
hosts. 

H. damlewsk-ii Kruse, 1890, whose type 
host IS the gray crow and has been found 
in sarious types of birds, was merely re- 
corded as occurring in Uic Red Jungle 
Fowl of hfalay (Callus gallus) by PJimmer 
(1913). Tlie bird had been kept in a Lon- 
don zoo. 

II columbae Kruse, 1800. from the 
common pigeon (Fig. 37.7) and H. mac- 
ealtumi Novy and MacNcal, 1905, from 
the mourning dose seem to be morpholog- 
tcally identical, licsidcs, the parasite from 
botli hosts has been transferred to the 
pigeon by means of the blood sucking in- 
tcrmediatc host, Pseudolynchta canafiensis 
{=: Lynchia maura z= P. maura) by Huff 
(1932). Since it was Uie first of the genus 
to fuse its life cycle in the pigeon and 
louse fly completely outlined, accounU of 
it ap{>car in standard works on proto- 
zoology sudi as Wenyon (1926) and Kudo 
(1951). MicTolynchia pusilla in South 
/Vmcnca and Ornit/iomyia ci-icufaria in 
England aic two other louse flics suspected 
of being \ccton (cf. Baker. 1957) Al- 
though scJiizogony does not ukc place in 
the peripheral blood. Lastra and Coatney 
(1950) iliowfti that it it possible to trans- 
fer the infection by direct injection of con- 
tidcrable quantities of blood or iramplan- 


\ 

s 1 



FIG. 37.7 — Haemoproteut celumbo*. Pigeon 
blood, o, b— mocrogometocylo In orythroeyle. 
e— microgometocyio. d, •— nermol erythroeyie, 
(Orok* end Jones.) 

taiion of tissues from donor pigeons taken 
early in the course of its infection. The 
infection occurs in pigeons widely through- 
out the tropical and subtropical regions 
and in the temperate zones wherever the 
insect vector can survive, but only sporadi- 
cally in a climate such as prevails in Iowa 
where the vector ordinarily dies out in 
ilie winter if introduced by chance during 
the spring or summer (Drake and Jones, 
1930), In England it occurs in wood pi- 
geons (Baker 1957). Becker (1959) reported 
iliat he frequently found gametocytes of II- 
columbae in the blood of adult and nest- 
ling mourning doves in Iowa, but never 
observed louse flies on these birds (cf. 
Hanson et al. 1957, in Illinois). Wood 
and Herman (1913) record it in the west- 
ern mourning dove, svestern white-winged 
dove, and band-tailed pigeon. Levine and 
Kantor (1959) tabulated reports of Haemo- 
pToteus, judged to be H. columbae, from 
45 species of columbiform birds. This para- 
ute is not a severe pathogen, although 
Coatney (1933) observed one bird with a 
heavy infection whose behavior was for a 
v»hile definitely abnormal. 
ll. sacharovi Novy and MacNcal, 1901. 
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is one of tlie numerous species of Haerno- 
proteus, described from various wild 
birds, that should be meniioned because, 
while normally a parasite of mourning 
dores, it occurs at times in the common 
pigeon (see Coainey and West, 1910; 
Becker et al. 1950). Other known hosts 
are the western mourning dove and the 
western white-winged dove. The oval or 
round gameiocytes, unlike those of most 
other species of Haemoproteus, enlarge 
their host cells, erythrocytes, about 1.3 
times in width and 1.4 times in length, 
and push the nucleus to one side, although 
it sometimes surrounds it. The amount 
of pigment is small. The known bird 
hosts are lire eastern mourning dove, the 
tsestem mourning dove, and the western 
white-winged dove (see Wood and Herman. 
1943; Herman. 1944). Hull (1932) trans- 
ferred this species from the dove to a pt* 
geon using the louse fly, Pseudolynchia ca- 
nariensis, for the vector. However, as he 
points out in a later publication (1965). 
"demonstration of one means of transmis- 
sion has often been followed by the dog- 
matic assumption that this can be the only 
means, ” and he tlien cites instances to show 
how such assumptions may retard research. 
As Levine (1961) observes, the natural vec- 
tor of H. sacharovi is unknown, but Cult- 
coides is a possibility. 

Haemoproteus meleagridis Levine, 1901- 
Wetmore, 1941, seems to have been the 
first to record Haemoproteus as a parasite 
of domestic turkeys (from District of 
Columbia and vicinity). Morehouse (1945) 


next observed the gametocytes of Haemo- 
proteus in die blood of a turkey sent from 
Texas Tlie infection was a heavy one 
in an anemic bird from a flock that 
"seemed to have a good appetite, but 
just wasted away.” The parasite w’as also 
observed by Kodeky (1948) in a native 
wild gobbler and four wild turkey hens 
reared in captivity — a total of five out of 
97 blood smears of wild turkeys collected 
in 1947. Goldsby (1951) reported the 
occurrence of Haemoproteus in a flock of 
turkeys in North Dakota. Three out of ten 
turkeys examined in South Carolina by 
Atchley (1951) harbored the parasite. 
Bierer et al. (1959). also working in South 
Carolina, found a "Haemoproteuslike" or- 
ganisra in 22of 52 domestic turkeys. Two of 
the birds were heavily parasitized, and 
were obviously ill. These workers suggest- 
ed that wild turkeys might been the 
source of infection. Love et al. (1953) found 
Haemoproteus in 1 of 2 wild turkeys taken 
in Georgia. Morehouse's figures indicate 
little or no enlargement of the injected 
erythrocyte, and the position of the cel 
nucleus ^eros to be altered in some but not 
in otliers. , , . . . , 

Trearntnl. Atabrin and pamakm (p a - 
mochin), according to 
altecl Haemoproteus columbae miection. 
Alabrin inhibits the deveiopment o£ young 
Kamnocytes. while pamakin (plasmotiin) 
does non The latter is parasiticidal to 
adult gametocytes. however, neither seems 
lo affect the schizonts. 
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parasites in birds from a 


PLASMODIUM INFEaiONS cocytotoon. The principal significant tlif- 

The true malarul orgamtmj belong to fcrcncc between Plasmodium and the 
the Rctius PUstrvodium. tvhich in turn is other two genera is that the asexual »tag» 

closely Tclaicd to Haemoproteus and Leu- (sclij/onu) of the former occur in erythro- 
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c)tes of the circulating blood, while those 
of the two latter occur in the internal 
organs (lung, liver, spleen, kidney, etc.). 
As a result, Plasmodium can be transmit- 
ted regularly from one susceptible host to 
another by injection of infected blood 
from the vessels or heart, while in the case 
of the other tsvo this procedure will re- 
sult in infection only at certain times when 
merozoites are in the blood by chance, 
because the only stages ordinarily in the 
blood are gametocytes which continue de- 
velopment in Uie proper invertebrate 
host. Like Haemoproteus, Plasmodium 
contains pigment. The life cjcle, as is well 
known, involves two hosts: an inter- 
mediate host, a vertebrate, in which asex- 
ual multiplication (sdiizogony) and the 
formation of immature sexual forms 
feametocytes) occur, and a definitive host, 
presumably always a mosquito, in whiclt 
maturation of the gametes, fertilization, 
and sporogony take place. It is of spedal 
interest that mammalian malarias are 
carried by Anopheles mosquitoes, while 
those of birds are carried by culidne 
(Culex, Aedes) mosquitoes, although some 
of the latter have also anopheline vectors. 

The story of the development of Plas- 
modium in vertebrates from sporozoite, 
the stage introduced by the mosquito 
while biting, to the earliest stages observ'ed 
in erythrocytes, was the contribution re- 
sulting from the brilliant researches of a 
number of investigators, among them HuH 
and Coulston (1944). The sporozoite of 
P- gdilinaceum enters a "lymphoid macro- 
phage” cell to develop in about 42 hours 
into a "cryptozoite,” or a schizont under- 
going schizogony. The merozoites of this 
generation enter other similar cells to re- 
peat schizogony in another 40 hours (the 
tnetacryptozoites”). Blood infections then 
ensue, presumably from the merozoites 
from the fixed tissue stages. Subsequent de- 
velopment of Plasmodium within the verte- 
brate host usually follows the general 
course outlined below. 

The parasite as first seen in the red blood 
cells in films treated with a Romanowsky 
stain may have the appearance of a signet 


ring. The center of the parasite is 
occupied by a vacuole, which does not 
stain. The surrounding cytoplasm, which 
stains blue, therefore appears as a ring. The 
nudeus, also located peripherally, stains 
red. The signet ring effect is observed 
when this stage, now called a trophozoite, 
is viewed at right angles to the plane con- 
taining the nucleus. The trophozoite grows 
at the expense of the red cell, actually en- 
gulfing hemoglobin which, when digested, 
leaves a residue of pigment. Eventually the 
chromatin material divides, followed by 
division of the cytoplasm, and the segment- 
ing schizont gives rise to merozoites. The 
number of merozoites formed depends 
upon the species, as does the time required 
for their development, at least under fixed 
conditions. The schizonts of different cells 


usually mature at about the same time, so 
lai^e numbers of red blood cells may be 
destroyed in a short time, resulting in the 
liberation of toxic products, as well as mer- 
ozoiies. The merozoites so liberated now 
enter other red cells, and repeat the asexual 
cycle until some develop into sexual forms, 
microgametes and maCTogametes. also witli- 
In red blood cells. These sexual cells un- 
dergo no further development until taken 
up by a mosquito. The gametes and the 
schizonts, both in the peripheral blood, 
may be sufficiently characteristic for a given 
species of Plasmodium to make specific 
identification possible. 

More than 30 species of Plasmodium 
have been described from birds of various 
kinds (see Hewitt. 1940). but fewer than 
half are presently regarded as valid (see 
Levine. 1961; Bray, 1957; Laird and Lari. 
1958). The volume of literature on avian 
malaria is immense, many o£ the contribu- 
tions basing dealt i*ilb drug screening ana 
other studies related to malancidal proper- 
ties of various drags. There are also a 
meat many contributions on other aspects 
rf experimental research, such as studies 
on immunity, genetics, m nilro cultivation, 
interrelationship svith other 
basic physiology and biochemistry. A bnel 
bm eLliem raview of 
tribulions to these and other fields of ex 
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perimcntal rcseardi on avian malaria has 
been presented by H»fi (196S). He was, 
ho^vever, obliged to restrict his coscrage 
largely to the period 1955-1962, Ncxerilic- 
less, the papers cited by Huff, logeUicr with 
the references cited therein, will lead the 
interested inscstigator to the literature on 
almost any aspect of avian malaria with 
little dilHculty. 

The following more or less general 
papers and their bibliographies arc also 
commended to the interested reader: Coat- 
ney and Roudabush (1037), Coaincy and 
West (1938), Herman {1938. 19H). Her- 
man et at. (195‘1), Hewitt (1910), Hull (1932. 
1935a, 1939), Kikuth (1931). Lcsinc and 
Hanson (1953), Manucll (1935, 1933), Serg- 
ent el al. (1931), and Wolfson (1911). 

Most of the avian species of Plasmodium 
are far less host speciAc than ate some o( 
the better known mammalian forms. Some 
occur naturally in a considerable number 
of species of wild birds, and some base 
been adapted by experimental passage to 
develop in birds in which they arc nut 
known to occur naturally. Only a few 
species have been reported as rcsi>onsible 
for natural infections in domestic birds, 
and it is by no means certain that all of 
these are of veterinary importance. Some 
are at least of potential importance, and 
these species wdl be discussed briefly. 

Before doing so, however, it sliould be 
noted that naturally occurring Plasmodium 
infections have been found in diickcns in 
the United States for the first time (Krish- 
namurti et al., 1962), and Uiat the organism 
did not correspond exactly to any thus far 
reported as occurring naturally m the do- 
mestic fowl. The authors compare their 
organism to P. gallinaceum, but do not 
identify it speciflcally as such. 

Plasmodium gallinaceum Brumpt, 1935. 
The British veterinarian M. Crawford, 
while stationed in Ceylon, announced 
in the official 1933 report to his govern- 
ment that cases of bird malaria had de- 
veloped on that island in chickens recently 
imported from England, and he described 
the symptoms and advocated quinine for 
treatment. He assigned the microorgan- 


ism to "Plasmodium praecox." Later, 
Crawford (1915) carefully narrated the 
liistory of tile parasite and the manner in 
whidi it became available as a satisfactory 
laboratory subject in the war program for 
obtaining new and better antimalarial 
drugs. Also, he acknowledged die correct 
name to be P. gallinaceum, described by 
Brumpt in 1935 from a blc^ smear pre- 
sented to hint in 1910 by a Dr. Uroussais 
who had seen the malarial organism in 
fowls in Indo-Cliina. Brumpt stated that 
from 1935 to 1913 more than COO publi- 
cations on r. gallinaceum had ciiriclicd 
practical and tlicorciica] knowledge con- 
cerning malaria, and many more papers 
hate ap|>carcd since 1918. 

Crawfoid comidcred jungle fowls to l>e 
die natural hosts — Callus lafayelli in Cc>- 
loii. G in India, and C. sonnetati 

III Sumair.n. (Brumpt, however, bcUcscd 
the native host to be a still undetected 
wild bird.) These native fowl (Ca/fw) are 
quite resistant to the infection, but when 
imi>oricd breeds arc introduced into areas 
where the wihl fowl arc inlcctctl, they 
suffer intense infections which generally 
lead to dcatl) after a brief illness. Birds 
may at times develop paral>sis and die 
after drug treatnicni osving to blocking of 
brain cipillarics widi the large nonpig* 
mcntctl exocry throe) tie stages of die para- 
site discovered by James and Tate (1937, 
1958), Because he believed the cliicken 
not susceptible to known avian malarias 
(see, however, Manwcll, 1933). Brampt 
felt confident he was dealing widi a new 
spcacs. Ducks, guinea fowl, pigeons, 
turtle doves, quail, buuards, canaries, 
sparrows, callats, and fincltcs were later 
shown by him to be resistant to P. gaffi- 
naceum, while diickcns of various breeds, 
geese, pheasants, partridges, and peacocks 
were susceptible. The infection assumed 
a more acute form in young chicks and a 
more dironic course in the adult birds 
(see also Coggeshall, 1938). 

Since Crawford's (1915) summary. 
Haiba (1918) reported the parasite in the 
blood of a dead chicken in Egypt, but it* 
occurrence in that country requires con* 
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FIG. 37.8 - Plasmodium gallinaceum. A ond 

alterotlons In the chromatin of the infected cells. . Sifferent naaes of 

factions of the erythrocytes by irophowiles ond sch.ionis n differaM o 

development. lO; 11, ortd 12 represent the formol.on 

ond 15. mole gometocyfes; 16. 17. and bodies Ire 

gametocyte in an enucleated erythrocyte. 

the nuclei of the erythrocytes.) (After Brumpt, 1935 ) 


finnation. Occurrence of iwo naturally ac- 
quired infections in exotic fowl at the 
^inagar (India) Poultry Farm was Brst 
noted by Rao et al (1951), and later Das 
ol. (1952). The symptoms, postmortem 
«sJons and histopathology observed in 
owls infected by direct blood inoculation 
*rc described in considerable detail. Krane- 
'’eld and Mansjoer (1953) found the para- 
nte in West Java, and submitted authority 
>(s occurrence also in Sumatra, Java, 
and the Celebes. 

Beltran (1941a) published a summary 
sinte of our knowledge concerning 
species up to that year, but much in- 
®rination has been added since. Jacobi 


(1939) has studied the pathology of P. gal- 
linacium infection. The dhcoveiy of an 
exoerylhrocytic phase, i.e.. 

,,elopmental cycle in endothelial cells or 
rcliiiloendothelial cells of 
lis-er. etc-, by Janies and Tate (1938) and 
lames (1939), has attracted a great deal ol 
Son. beUuse it seas formerly believed 
that the increment of malaria parasites in 
the vertebrate host occurred '""‘'I' 
erethrocYtes. For morphological and olhcr 
SSkSe reader should consult Brumpt. 
p:“l%he exocryUirocytic -g 

&‘Snd'JiS‘(194Tta« 

tioned above. 
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The natural vectors, of course, are not 
known, but some prominently mentioned 
potential mosquito vectors are Aedes 
aegypti, A. albopiclus, A. gcnicufalui, and 
CuUx quinquefasciatus (see Brumpt, 
1936a, b; Vargas and Beltran, 1911). Huff 
(1954) has listed 29 susceptible species and 
one questionable belonging to various 
genera as follows: Anopheles, 1; Culiscta, 
1; Mansonia, 1; Aedes, 19; Armigeres, 5; 
Culex, 2 proved, 1 questionable (quinque- 
fasciatus). Beltran and Larenas (1911) 
have also demonstrated its transmission by 
the oral route. 

Plasmodium juxlanucleare Versiani and 
Furtado Gomes, 1941, occurs chiefly in 
chickens. It has been recorded only from 
South America and from the State of Chia- 
pas. Mexico (Beltran, 1941b). The para- 
sites tend to lie in contact with the host 
cell nucleus and distort the cell. There are 
about four merozoites. The c>cle is about 
24 hours, and this parasite is said to be a 
severe pathogen. It does not grow in ca- 
naries. 

Plasmodium durae Herman, 1941. This 
species was found in a blood smear 
of one out of 75 domestic turkeys exam- 
ined in Kenya Colony. British East Africa 
It was capable of afflicting young turkevs 
fatally. ' 

Plasmodium cathemerium Hartman, 
1927. the type host of which is the Eng- 
lish sparrow, resembles P. relictum in 
that It occurs commonly in passerine birds 
causes the nucleus of the infected cell to be 
displaced more or less toward one pole or 
expelled, and has roundish gamctocytes- 
but it differs from that species in that the 
pigment grains in the garaetocytes are 
relatively coarse and rodlike. An outbreak 
of P. cathemerium malaria in California 
that cost a canary raiser possibly 165 out 
of 700 of these birds was reported by 
Mathey (1955b). The sick birds exhibited 
swelling m the region of the eyes. The 
characteristic parasites were found in 
blood smears. Necropsy disclosed subcu- 
taneous hemorrhage, splenomegaly and 
hepatomegaly. Sick birds responded to 
atabrin. Herman and Vail (1942) reported 


a fatal case of spontaneous malaria in a 
canary from Temple City, Califomix Hew- 
itt (1939) made a special study of splenic 
enlargement and infarction in infected 
canaries. 

Plasmodium relictum Grass! and Felctti. 
1891. P. relictum, of whiclt P. praecox is a 
synonym, is a species occurring in many 
species of wild birds, among Uicm the east- 
ern (Coaincy, 1938) and western mourn- 
ing doves (Herman et ai, 1954) and cer- 
tain wild waterfowl such as the pintail, 
cinnamon teal (Herman, 1951), wood duck 
(Miclcarek, 1954), and American coot 
(Roudabush. 1912). Coatney (1938) ob- 
tained identical strains from the wild 
mourning dove and common pigeon. 
The strain was extremely pathogenic in 
pigeons, but in doves and canaries the In- 
fections were light and transitory. When 
transferred to chicks, the infections lasted 
6 to 11 days. Tlic first obsen-ers of natu- 
rally occurring P. relictum in pigeons, how- 
ever. were Sergeni and Sergent (1904). 
working in Algeria. Others were as fol- 
lows: Pclaei el at. (1951), in Mexico; 
Mathey (1955a), in California; and 
Becker el al. (1956), In Iowa. Mathey ob- 
served three infected pigeons, at least two 
of which succumbed to malaria. He also 
succeeded in infecting the chick and the 
unary with parasites from the pigeon. 
This species resembles P. cathemerium 
morphologically, but its pigment grains 
roundish instead of elongate. Some 
strains of it, Hke P. cathemerium, have 
diurnal periodicity. The infection responds 
readily to treatment with quinine or ala- 
rm. Wolfson (1938) also obtained infec- 
Uons in ducks with two other strains of 
P- relictum. Hill (1942) has proved rather 
inclusively that anemia may be regarded 
as the cause of deatli of pigeons in P. relic- 
turn infections. 

Plasmodium circumflexurn Kikuth, 1931. 
hM for its type host a German thrush 

Urdus pilaris). Its morphological charac- 
toasties are as follows: all stages occurring 
*n the circulating blood; elongate gameto- 
•^to, from 13 to 30 raerozoites produced 
per schizont; and both schizonts and 
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gametocyies tending to encircle the nucleus 
of the infected cell without displacing iL 
A Plasmodium morphologically similar in 
many respects to tins one was observed by 
Fallis (1945, 1946) in ruffed grouse in 
Ontario, Canada. It developed in canaries, 
but not so readily as in grouse, while a 
canary strain would not develop in grouse. 
The grouse strain is not pathogenic in 
grouse, canaries, or ducks, and would not 
develop in chickens or pheasants. 

Plasmodium lophurae Coggeshall, 1938. 
This species was isolated by Coggeshall 
(1938) from a Borneo fireback pheasant, 
Lophura igniti ignili, at the New York 
Zoological Park. It is transmissible to very 
)oung chicks, but as a rule produces a 
moderately severe attack that does not 
terminate fatally. Only mild infections 
may be produced in adult fowls, and ca- 
naries are not susceptible. The original de- 
scription should be consulted for morpho- 
logical and other deuils. Tertian (1941a 
and b) has recently made an excellent 
study of the biological characteristics, 
pathology, and effects of this interesting 
species in chicks. Laird (1941) showed 
that P. lophurae can be transmitted from 
duck to duck through the agency of the 
mosquito Aedes albopictus, and he suc- 
ceeded in infecting also Culex resluans 
and Aedes atropalpus. Anopheles quadri- 
^aculatus can also be infected, at least 
lightly (cf, Coggeshall, 1941, and Hurlbut 
and Hewitt, 1941, 1942). Trager (1942) 
obtained by selective breeding a strain of 
Aedes aegypti which was more susceptible 
|o P . lophurae than the stock from which 
it had its origin. 

Severe infections with high parasitemias 
produced in ducks (see Wolfson. 
1941). Hewitt's (1942) study of host- 


parasite refattonship of P lophurae infec- 
tion in ducks, tvith its excellent colored 
plates of the parasite and t)pes of blood 
cells affected by the infection, is especially 
commended to the reader’s attention. The 
imursc of untreated blood-induced infec- 
tions in i,200 >oung White Pekin ducks 
was chatted by Hewitt et al. (1942). Becker 
el al. (1949) studied the course of infec- 
tion in some of the comparatively few 
ducks that had survived the primary at- 
tack, and found that in only one of 26 did 
the infection become permanently latent, 
wliile in all tlie rest it followed a re- 
lapsing course with subpatent periods of 
varying length alternating with patent 
periods of varying length and with parasite- 
mias of varying intensity. Ducks exhibit 
reverse age resistance to this parasite in 
contrast to chicks, which become more re- 
sistant as they grow older (Becker, 1950). 

Exoerythrocytic forms (phaneroroites) 
have never been detected in chickens or 
ducks, although Becker and Manresa 
(1950) and Manresa (1958) located them 
in brain capillaries in turkey infections. 
.As in P. galUnaceum, they may cause the 
death of the host by blocking the capillar- 
ies, even though the parasitemia is low. 
Stauber and van Dyke (1945) have com- 
pared P. calhemerium and P. lophurae in- 
fections in duck embryos. Goslings are 
highly susceptible (Becker, 1951). This 
species, like P. gallinaceum, has served as 
an excellent subject for antimalarial in- 


vestigations. . . . j 

For information on domesticated birds 
as experimental hosts of avian plasmodia. 
the reader is referred to Wolfson (IWI), 
Manwell (1933. 1943. 1952). and Huff 


(1963). 
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AEGYPTIANELLA INFECTIONS 

This protozoon was seen by Balfour (1907 
and 1914) in Sudanese fowls. His first in- 
terpretation of the organism was that ft 
represented intracellular deselopmental 
phases of tire fowl spirochaeie (Treponema 
anserintim) which accompanied the infec- 
tion Hindle (1912) and Wenyon (1926) 
suggested Uiat the intracellular granular 
bodies represented portions of nuclei ex- 
truded into the cjioplasra of the red cell 
as a result of concomitant spirochaeie in- 
fection. BnUour (1914) and Carpano 
(1929) believed that the spirochaete in- 
feciion and the infection with the granular 
bodies in the blood cells were distinct, for 
either could occur in the absence of the 
other Carpano, who found the organism 
in both Sickens and geese in Egypt, 
named die organism Aegyptianella pul- 
hrum, and considered it a piropfasm (Fig. 

Carpano's definition of the genus Aegyp. 
tianclla is as follows: Protozoa of red 
cells; of small size; in shape, rounded, 
oval, or pjriform, not producing pigment; 
produdng no change in size or shape of 
infected cell; multiplying in circulating 
blooti by schizogony, producing up to 25 
mimiie merozoites. 

A. puUoTum can vary in size from 0.5^- 
4.0^. depending upon the stage of develop 
ment. The parasites arc infrequently found 
in the circulating blood, and when found 
arc present for only a day or iwo. but may 
be encountered in the lungs, heart, Iher 
spleen, and bone marrow'. In life the para- 
sites may show slow movements of trans- 
lation. Since the organisms suin with diffi- 
culty and the size is small, morpholt^cal 
study is difficult. 

Pathogenicity. As was previously noted. 


A. pullorum is usually found in association 
vviA the fowl spirodiaete in Africa. Car- 
pano observed pure infection of both 
otganisms, hotvever, and found that sub- 
inoculations with the pure protozoan in- 
fection at no time produced spirochaetes. 

The protozoan infection may appear in 
the acute, subacute, or chronic form. 
Native fowls show the chronic form. Im- 
ported birds which become infected are 
ill for a few days and then succumb. Fowls 
crossed with foreign strains show the sub- 
acute or chronic form. 

The symptoms are ruffing of the feathers, 
anorexia, hyperthermia, immobility, droop- 
ing, paralysis of the joints, and often 
diarrhea. Necropsy shows anemia, swollen 
spleen, enlarged liver, yellowish-green kid- 
neys, punctiform hemorrhage in the serosa, 
and sometimes an infiltration of gelatinous 
hemorrhage in the coronary sulcus. 

Brumpt (1950) reported that splenec- 
tomy of fowls recovered from heavy in- 
fections caused a reappearance of the 
parasites in the blood. The fowls recovered 
from this artificially induced relapse. 

Host-specificity. The infection is found 
naturally in geese and chickens. Experi- 
mental attempts to transmit it to ducks, 
pigeons, and canaries have been unsuc- 
cessful. 

Transmissioa. Carpano believes that the 
frequent presence of Treponema and 
^^Sypii^nella in the same bird indicates 
that Argas perstcus, the lick transmitter of 
T. anjen'num, is also the vector of A. 
pullorum. According to Reis and Nobrega 
(1936), Coles and Bedford demonstrated 
carriage by A. persicus, although Chaillot 
and Saunie in 1932 could not confirm it. 
Coles (1939a) states that only adults of this 
spedes act as transmitters. 
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Rousselot (1917). These latter were found 
in chickens, turkeys, and pheasants, and 
could be found to be of veterinary impor- 
tance, presumably. The accounts of Laird 


and Lari (1957) and Levine (1961) should 
be consulted by those interested in study- 
ing the avian babesiods in detail. 
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SPIROCHCTE INFECTIONS 
^though spirodietcs were discussed in 
this cliaptcr in earlier editions, they are 
not protozoa, and are now dealt with in 
Chapters 1-1 and 41 of this book. 

TRYPANOSOMA INFECTIONS 

Trypanosomes have been repotted as oc- 
cutting naturally in a large number of 
wild birds, and in the chicken, pigeon, 
and guinea fowl. In most instances the or- 
ganism was known only front the vertebrate 
host, and frequently it was designated as 
a new species if its morphology differed 
from that of trypanosomes previously re- 


ported from birds. Sometimes the orga- 
nism observed was named as a new species 
merely because a similar trypanosome had 
not previously been reported from that 
particular host. It is now known that most 
of the trypanosomes of birds can vary con- 
siderably, morphologically, and that some, 
ai least, are not specific as to the vertebrate 
host. They may, indeed, show considerably 
more specificity for the invertebrate host 
(see Bennett, 1961). Pending additional 
studies, it may be well to regard them as 
l^vinc (19G1) has, who observed, "They 
all look very much alike and probably be- 
ong to a relatively few species. However, 
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extenshe cross iransmission studies are 
needed to establish Uieir relationships, and, 
until these are carried out, it is probably 
best to refer to them by the names under 
which they were first described.” 

Trypanosoma avium Danilewsky, 1885. 
This trypanosome was first reported from 
owls and roller birds in Europe. Since 
then, trypanosomes regarded as being of 
this species have been reported by numer- 
ous svorkers. Among the recent reports are 
those of Diamond and Herman (1954), who 
found it in Canada geese; Baker (1956a), 
who obtained it from rooks {Corutis /ru- 
gilegus L.) and jackdasvs (C. tnonedula 
spemologus Vieill.); and Bennett (1961), 
who observed it in more than 30 species of 
birds belonging to more Uian a dozen or- 
ders. Diamond and Herman described a 
technique “for the cultural isolation of 
trypanosomes from avian bone marrosv ob- 
tained from living birds or at autopsy.” 
"^ey found the method to be vastly supe- 
rior to that of merely examining stained 
smears, or of culturing heart blood, as a 
means of detecting trypanosome infections. 
Consequently, reports of the incidence of 
infection with avian trypanosomes proba- 
bly have little meaning unless tlie methods 
of detection are comparable, or can be 
brought to comparable bases. 

Baker (1956a) gave a good description 
of the strain of T. avium used in his stud- 
ies, and included references to all perti- 
nent literature. The morphological char- 
acteristics of the trypanosome varied some- 
what according to the vertebrate host, as 
well as showing the usual variation within 
^ ^ven host, but in summary Baker de- 
scribes his flagellate as follows: 

The trypanosome in question is a large 
spindle-shaped form, measuring an aver- 
age of 48.2;* in length (excluding flagellum) 
and 5.5;* in width. There is a tapering afla- 
gellar region extending 14.1;* (on the aver- 
age) beyond the kinetoplast. This trypan- 
^ome is assigned to the species T. avium 
^anilewsky, 1885." 

Bennett (1961), who also reviewed the 

iterature, including the work of Baker, 
tabulated measurements for the trypano- 


somes he found in several species of birds, 
and came to similar conclusions regarding 
the morphology and identity of the organ- 
ism, but recognized that ‘‘many physiolog- 
ically distinct strains or species may exist" 
in what he termed tlie “avium complex." 

The natural methods of transmission of 


the trypanosomes presently considered to 
be members of this ‘complex" are by no 
means dear. Baker (1956b) described ex- 
perimental transmission by the hippobos- 
cid Omithomyia avtcularia L. He con- 
cluded, “The metacyclic trypanosomes de- 
velop in the insect’s hind-gut, and infect 
birds by penetrating the membranes of buc- 
cal cavity and/or esophagus and crop." 
Transmission did not occur by the bite of 
infected louse flies, and he had only very 
limited success svith efforts to produce in- 


fections in canaries by rubbing fecal mat- 
ter from infected flies into scarifications in 
the skin. Bennett (1961) obtained quite 
different results using infected mosquitoes 
(Aedcs aegypti) and omiihophilic simulids. 
Infections could be produced by ingestion 
of macerated insects, but not by feeding the 
insects intact. Emulsions of material from 
the hind-gut or feces of infected insects 
readily produced infections after having 
been rubbed into scarifications in the skin. 
The flagellates apparently were unable to 
penetrate unbroken membranes. However, 
trypanosomes from some species of birfs 
were quite unable to develop in some in- 
sects that successfully transmitted the flagel- 
lates acquired from birds of other species. 
Bennett summed up the situation by com- 
menting as follows: "New criteria for the 
identification of avian trypanosomes must 
be developed. It is suggested that the abil- 
ity of the trypanosome to develop in and 
produce infective flagellates in a variety of 
bloodsucking Diptera, whether or not such 
Diptera are true vectors, be used as cnteria. 
Other criteria, such as serological evidence, 
or perhaps, the ability to develop on cul- 
tures lacking certain chemicals, may yet be 
needed to definitely separate the species. 

Baker (1956c) has given for Trypanoso- 
ma avium the most complete description 
of the life cycle in both the vertebrate and 
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FIG 37.10 — Trypanosoffla hannai. (H. de B. 

Aragio ) 

mveriebraw host that has thus far been 
presented for an avian trypanosome. Al- 
though this species is not known to occur 
in chickens, it is quite common in Canada 
geese, and has been transmitted to domestic 
ducks. In view o£ the intricate relation- 
ships between it (or its "complex") and 
the many vertebrate and invertebrate hosu 
from wihich it has been reported, natural 
infection of domestic birds can hardly be 
ruled out. Like infections with other avian 
trypanosomes, it would probably be of lit- 
tle or no economic importance. T. avium 
has been considered at length here because 
it is the only avian trypanosome to have 
received much attention in recent years. 

Tlie species mentioned below are includ 
ed principally because tliey were desaibed 


from domestic birds. Little is known con- 
cerning their life cycles. 

Trypanosoma hannai Pittaluga, 1904. 
Hanna in 1903 observed a trypanosome 
in scanty numbers in the blood of domesti- 
cated pigeons in India (Fig. 37.10). It was 
named Trypanosoma hannai by Pittaluga 
(1905). Aragao (1927) also observed the 
(urasite in the blood of a pigeon in Brazil. 

The mode of transmission is still un- 
known, although Aragao noted numerous 
flagellates of the crithidia type in the ali- 
mentary tracts of hippoboscid flies, Lynchia 
maura, which had fed upon a pigeon in- 
fected with trypanosomes, but none in flies 
that had fed upon uninfected birds. Two 
types of crithidias were noted, the respec- 
tive dimensions being 40.0,1* by 3.0^ and 
49.0#t by Attempts to transmit the 
infection to clean pigeons by the bite of 
the fly, by injection of the emulsified in- 
testines of infected flies, or even by blood 
inoculation were unsuccessful. 

Trypanosoma galUnarum Bruce, Hamer- 
ton, Bateman, Mackie, and Bruce, 1911. 
This trypanosome, and another desaibed 
about the same time by Mathis and Leger 
(1911) under the name Trichomonas caU 
mellt, were both found in chickens. The 
flagellate described by Bruce et al. (1911) 

was about 1.5 X as long, and slightly broad- 
er than that of Mathis and Leger, but 
many years ago Wenyon (1926) suggested 
that they were possibly the same trypano- 
some. Bennett (1961) went even further, 
suggesting that both T. galUnarum and T. 
calmelli could be considered as belonging 
to the complex presently regarded as T. 
avium. 
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INTESTINAL FLAGELUTES 
Trichomonas Infections 
Trichomonads are flagellated protozoa 
that are characterized by the possession of a 
longitudinal axial rod, the axostyle, an un- 
dulating membrane bordered by a poste- 
riorly directed flagellum, and 3 to 5 “free" 
flagella that arise (as does the marginal 
flagellum) from basal granules near the 
front end of the body. Some students of 
this group of protozoa have attempted to 
classify the trichomonads on the basis of 
the number of "free” flagella characteris- 
tic of the genus, while others have regarded 
the nature of the axostyle, the undulating 
m^brane, and other organelles as better 
criteria for grouping the trichomonads. 
For our purposes we may consider all spe- 
cies that are likely to be found in domestic 
poultry as of the genus Trichomonas ex- 
cept for one cecal form for which the name 
"i^rilTichomonas eberthi has been generally 
accepted. The reader who has a special 
interest in presumed evolutionary relation- 
ships and the systematics of the tricliomo- 
nads and related protozoa should consult 
Honigberg (1963) and some of the papers 
mentioned in his extensive list of referenc- 
es. 


The principal structural components 
of Trichomonas are designated in Fig. 
37.12, which depicts T. gallinae semidia- 
grammatically. Figure 37.11 shows, dia- 
grammatically, how two other trichomo- 
nads of poultry differ in details, from each 
other, and from T. gallinae. These are 
trichomonas gallinarum and Tritricho- 
monos eberthi, mentioned above. 

Trichomonas gallinarum Martin and 
Roberuon, 1911. This trichomonad was 
Mid by Martin and Robertson (1911) to 
00 one of the most common of the flagel- 


lates of fowls. McDowell (1953) found it in 
more than 60 per cent of "several hundred 
fowl of varying ages and from many sourc- 
es." Chickens and turkeys are the hosts 
from which T. gallinarum is most frequent- 
ly reported, but it has been found in the 
guinea fowl by several observers, and in 
chukar partridges by Wichmann and Ban- 
kowski (1956). Diamond (1957) found "a 
T. ga/hnarum-like form” in the Canada 
goose, and the senior author has observed 
trichomonads resembling this species in the 
ceca of pheasants raised in captivity. 

T. gallinarum varies considerably in 
both shape and size. Usually it is pyriform, 
but sometimes many or most of the individ- 
uals may be spherical or slightly elongate. 
Living organisms viewed in wet smears or 
hanging drops commonly range in length 
7#i-l5/» and in breadth 4^-10^. The axo- 
style extends well beyond the body and is 
slender and pointed. The undulating 
membrane is prominent, traversing the en- 
tire length of the body and ending near 
the point at which the axostyle emerges. 
The marginal flagellum often extends well 
beyond the axostyle. Characteristically, 
there are 4 anterior flagella whicli, in liv- 
ing specimens, are best seen by the use of 
a dark-field or phase-contrast microscope. 
For a detailed description of structures 
visible in stained preparations, see Mc- 


Dowell (1953). 

Although the usual habitat of T. galli- 
narum is the cecum, organisms may often 
be found in the adjacent small intestine. 
Several obsen'crs have reported finding this 
trichomonad in the liver of turkeys, and 
Wichmann and Bankowski (1956) found it 
in the liver of chukar partridges that were 
dead upon arrival at the laborato^. In- 
deed, most if not all reports of the finding 
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FIG. 37.11 — DlagrammolI« r«pr«t«nloiioA( ef 
ths two common trlchomonods of tho lower di> 
geslive tract of demettlc blrdt, ot fovorobU 
cpecimen* fixed In Sehoudlnn'* fluid and elolned 
with Heidenhoin'* hoemotoxylin may appear. 
A, Tritrichomonas eberthi, 8. Trichomonos gaf. 
linarum. (lund.) 

of T. gallmarum in the livers of gallina- 
ceous birds have been based on studies of 
birds dead long enough to permit postmor- 
tem. invasion or on studies of birds heavily 
parasitized by Histomonas meleagridis. 
The livers of birds so parasitized were prob- 
ably only secondarily invaded by the inch- 
omonad. Rarely, trichomonads may escape 
into the coelomic cavity and multiply pro- 
fusely on the serous membranes. Such was 
the origin of strain TG79 (Soc. Protozool. 
Comm, on Cultures, 1958). In that in- 
stance, apparently, ulceration of the cecum 
attributable to histomoniasis provided the 
trichomonads access to the peritoneal and 
pleural cavities (senior author's unpub- 
lished observations and records). It is ques- 
tionable that T. gallinarum, unaided , 
may invade sites other than the ceca and 



FIG. 37.13 — Trlchemanas gollinsp, ssmidla- 
grommailc. o—oxostyl*. of.^nlcrlor flagellum, 
b— blephoroplost. c— costo. g— cyloplesmle gran- 
ules. m—meulh. mf— morglnal filament, n— nu- 
cleus. pb— parobasel body, pf—parebasol fi- 
bril. um— undulating membrane. (Siobler, Jeur. 
of Morph., of the Wistar Institute of Anatomy 
ond Biology.) 

adjacent intestine. McDowell’s guarded 
sutemcnt (1953) concerning the possible 
ill cflecu of heavy cecal infections may ap- 
proximate the impressions of many work- 
ers who have studied farm flocks of either 
chickens or turkeys. He comments as fol- 
lows: 'The present study discloses that 
Uiere is a definite association of a yellowish 
foamy discliarge from the caeca and the 
presence of many T. gallinarum in both 
young fotvl and adults, but tliis diarrhea is 
most common on range in June and July 
when every two- to three-month-old fowl 
will show bedraggled feathers and general 
unthriftiness as indications of this disease. 
Severe emaciation may ensue followed oc- 
casionally by deatli.” There does, indeed, 
appear to be a "definite association," but 
even if a specific parasitic disorder such as 
hexamitiasis is ruled out, the presence of 
harmful bacteria or viruses must be con- 
sidered. 
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Inasmuch as trichomonads do not form 
qsts, infection by the ingestion of tropho- 
zoites in contaminated food or water must 
be assumed. However, the inters’ention of 
insects, such as flies, as mechanical carriers 
has long been postulated. 

The vast body of literature on the 
physiology of the trichomonads has been 
reviewed by Shorb (1964). 

Tri trichomonas eberthi (Martin and 
Robertson, 1911) Kofoid, 1920. This 
trichomonad inhabits the cecum of chick- 
ens and turkeys, and has once been re- 
ported from ducks (Kotlan, 1923). Accord- 
ing to McDowell (1953), who found it in 
35 per cent of the several hundred chickens 
that he examined, it occurs principally in 
older birds, and usually in association with 
T. ^allinarum and Chilomastix. 

The body of T. eberthi was described by 
McDowell as "carrot-shaped,” with an aver- 
age length, in fixed specimens, of I3#t, and 
a width of Q.5^. There is considerable 
variation in size, however, and spherical 
forms sometimes occur. The undulating 
membrane is prominent, and traverses 
virtually the entire length of the b(^y. 
The marginal flagellum trails well behind. 
In these respects T. eberthi resembles T. 
iallinarum. However, it is frequently 
rather larger, and the cytoplasm is more 
heavily vacuolated than that of T. gal- 
iinarum. Also, the axostyle of T . eberthi is 
more massive and teni to taper more 
abruptly at its posterior end than docs that 
of T. galUnarum. Usually, only 3 anterior 
flagella can be demonstrated, and accord- 
ing to McDowell, it is their beating in uni- 
son that imparts to the organism its jerky 
movement. McDowell also gives in con- 
siderable detail the distinctive internal fea- 


tures visible in stained preparations. 

T. eberthi is nonpathogenic, and dm 
modes of transmission are assumed ‘o 
similar to those for T. galUnarum. Dia- 
mond (1957) cultivated T. eberthi axeni- 
ally for the first time. _ 

Trichomonas gallinae (R-ivolta, 1 ) 

Stabler, 1938. Synonyms, T. columbae 
auct.; T. hepaticum (Rivolta. f ' ®‘' 

versa Volkrnar. 1930; T. halU Yakimoff, 


1934. According to Stabler (IfljSa), tlie tur- 
key and pigeon triclioinonad of Uie upper 
digestive tract are identical species, and 
(Stabler, i93Sb1 the correct name is T. 
gallinae (Ftg. 37.12) The flagellate occurs 
almost universally in pigeons, and tliis 
bird is probably the primarv host (Stabler, 
1951a). 

Its occurrence in these birds in /Vmenc.i 
was first reported by Waller (1934). who 
compiled a brief historicjl account. Its 
natural host range includes several vari- 
eties of domestic pigeons, the band-tailed 
pigeon, eastern mourning dove, western 
mourning dove, ring-necked dove, various 
hawks, falcons and owls, turkeys and 
cliickens (Stabler. 1941b: Stabler and Her- 
man, 1951: Locke and James, 1962). It can 
easily be transferred from one of tliese hosts 
lo another, as from doves to clean pigeons 
(Stabler. 1951b), or from pigeons to hawjts 
or falcons (Stabler and Shelanski. 930). 
Levine et al. (1941) transmitted T. gallinae 
from diickens to Uie turkey, quail, canary, 
and English sparrow with lesions, and to a 
duckling without lesions. Additional ao 
counts of transfer experiments with T. gfli- 
linac are given in Stabler s excellent 19 
review of virtually all of the important 
literature on this organism. 

Among the better accounts of the 
morphology ot T. golhii«< “'■'! .‘I"!*' “ 
smbte (194U, 1954) and Lav.ne and 
Brandly (1939). The OJgan.™ .. roughly 
pear-slraped, bul may be rounded under 
Adverse conditions. It ranges nr length^ 
19m and ii. width 2.5-9^ averaging lO.j,. 
bv 5 2m As in T. gallinamm, there arc 1 
hL amcrior Oagella, but the body is mote 
elongate, the undulating membrane and 
cLtflre sliortcr, and the margmal dage • 
Tm terminates at the end o the undu- 
lating membrane at shown m the figy''- 

r telh'noe P‘g“"‘ , 

mouth! pharyna, esV»g>-h 

aDoarcmly hcaldiy carriers. The tquaus 

hSime iniected through the 

their natural lood, "pigeon millc The 

totlon can probably he 
Bntaminalion of 


hrough contamination i,-. — i, 
rhe incidence in pigeons - 


nay 
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be \ery high. Stabler (1951a) in Colorado 
found infection in 19.3 per cent of trapped 
band-tailed pigeons, 23 per cent of western 
mourning doves, and 69 per cent of cap- 
tured common pigeons. The diseased con- 
ditions produced in the hosts, as described 
by Stabler (1947) and Stabler and Herman 
(1951), vary considerably. In chronic in- 
fections there are no lesions, but in mild 
cases the apparently healthy bird may shosv 
"small, yellowish, adherent masses in the 
oral or upper oesophageal regions of the 
digestive tract,” which may disappear later. 
More se\ere cases frequently end in death, 
even certain cases where the lesions appear 
to be slight and confined to the mouth and 
pharynx. First, yellowish lesions appear on 
the oral mucosa. These grow into large 
caseous lumps which may prevent swallow- 
mg food or drink. The bird wastes away 
and may die on about the eighth day of the 
infection. Pigeon fanciers call the disease 
canker.” and Stabler states that falconers 
refer to the condition as "frounce.” In- 
volvement of the internal organs may be 
noted at necropsy, particularly of the liver, 
which may show only a few yellowish 
necrotic spots, or more extensive caseation 
Heavy losses from the disease have been re- 
poned in wild pigeons and pigeon colo- 

Wild mourning dove, are IrequemI, 
‘n'l'omoniasi,. The 
1950 Alabama outbreak killed many 
ftomand. of dice bird, (Haugen 19521 
Most ol the death, occurred alter the 
rpring migration or dudng the nerting rea- 
son. The dead bird, were emaciated and 
showed throat swelling, iha, probabl, 
made a imposstble for the stricken birdl 
to swallow food or drink. Herman (1953) 
has prepared a brief paper on retngli, J 
of the disease in doves. 

T. gafhnoe infection, are fairly common 
tn turkejs on range frequented by pigeon. 
In some flocks losses may be considerable. 
A discussion ol trichomoniasis ol the unner 
digestive tract of turkeys appears i„ cZp. 
ter 41, Daeases of the Turkey, in this 
volume. Levine and Brandly (1939, 194^^ 


have leported on the disease in pullets and 
chicks. 

Strains of the organism of varying de- 
grees of virulence have been reported 
(Stabler, 1948a). Of five strains, each 
passed serially through five Trichomonas- 
free pigeons, one produced not the slight- 
est eridence of disease in any of the five 
redpiems; one produced but mild cankers 
in the throat of three, one killed one bird 
and produced moderate to severe caseation 
in the throats of the other four, one killed 
four and produced moderate caseation in 
the survivor, while the last killed three 
and prcKiuced very severe caseation in the 
two survivors. The first four strains 
stemmed from pigeon infections, the last 
from a cankerous Peregrine falcon svhich 
died of the disease. Stabler (1948b) then 
proceeded to demonstrate that eight squabs 
given a very mild strain developed either 
no or evanescent lesions, and, when chal- 
lenged with a virulent, killing strain, sur- 
tived with little or no evidence of path- 
ological changes in seven of them. Later 
Stabler (1951b) isolated from mourning 
doves one strain that was aviruleni in 
pigeons, and four others of varying de- 
grees of virulence. When the survivors 
were challenged with virulent, killing 
bhd^' j|”°***^ pigeon origin, not a 

R virulence of a strain ("Jones' 

®rn ) IS retained for a long time is sup- 
I»rted by Stabler (1953b), who passed 
me llagellate in succession through 119 
pigeons of which 1 14 
• - This strain is so pathogenic that of 
ten clean pigeons, each administered a 
‘"‘^omonad by Stabler and Kihara 
fiyoi), five became infected and died of 
^nker in 8 to 13 days (av. 11.8 days). The 
pigeons were later given 5 
.u thousand trichomonads each, and 
mey died within (av.) 7.6 days. Later. 293 
le? from 300 birds (Stab- 

^'’.Sellates inhabiting any part of 
question always 
s I e flagellate itself pathogenic, or 
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is it die accompanying bacteria dial are 
pathogenic? The lesions of T. gallinae 
in the upper digestive tract of pigeons are, 
of course, accompanied by bacteria, but 
the caseations of the liver and other in- 
ternal organs may not be. Bos (1933), 
Cauthen (1936), and Stabler and Engley 
(1946) first succeeded in obtaining bac- 
teria-free cultures stemming from such 
bacteria-free lesions. The last-named 
authors demonstrated that die microor- 
ganism fully retained its pathogenicity 
when grown in bacteria-free culture on 
modified Bocck-Drbohlav (1923) medium 
originally used for cultivating Entamoeba 
histolytica. 

Copper sulfate in the drinking water 
was one of the older and partially suc- 
cessful treatments (Jaquettc, 1948). En- 
heptin in the daily dose of 5.0 mg., adminis- 
tered in a gelatin capsule, was elective in 
pigeons weighing 350 to 550 gm., even 
against highly pathogenic strains (Stabler, 
1953a). A more convenient method of 
treatment using soluble enheptin was later 
described by Stabler et al. (1958). This con- 
sisted of the use of 6.3 grams of soluble en- 
heptin per gallon of drinking water, con- 
tinued for 7 to 14 days. Its use was recom- 
mended only for nonbreeding birds. The 
method cannot be used for free-flying flocks 
that have access to unmedicated water be- 
cause the medicated water is somewhat 
unpalatable. On controlled tests, all birds 
infected with the virulent Jones' Barn 
strain of trichomonad three days before 
treatment was started survived, but about 
13 per cent still harbored some tricho- 
monads. These were assumed to be the 
birds lowest in the social hierarchy (“peck- 
order”), that were permitted only limited 
access to the medicated water. 

Still more recently a drug showing very 
considerable promise for the treatment of 
trichomoniasis in several hosts has been 
Used successfully for the treatment of T. 
gallinae infections in pigeons. The drug is 
uaetronidazole (I-beta-hydroxyethyl - 2 - 
uiethyl-5-nitro-imidazoIe). According to 
Bussi^ras et al. (1961), it prevented roorul- 


ity when given orally at the level of 60 
mg/kg body weight on 5 consecutive days. 
Fertility of the breeders was not affected. 

Trichomonas anatis (Kotlin, 1923). 
Synonym, Telratnchomonas anatis, Kot- 
Idn, 1923. KotUn (1923) made a study of 
the intestinal flagellates of ducks. His work, 
except for some random observations, is the 
only information on this subject available. 
T. anatis has a broadly beet-shaped body 
which measures \i^-21n in length and S/z- 
18;. in breadth. There are 4 free anterior 
flagella of about the same length as the 
body. The well-developed undulating 
membrane has a sturdy raaiginal flagel- 
lum along its border. 

The habitat is the posterior region of 
the intestine of Anas boschas dom. KotUn 
states that massive infections are estab- 
lished only when the mucosa is in a catar- 
rhal condition. 

Trichomonas anscri Hegner, 1929. Heg- 
ner (1929) inoculated three-day-old chicks 
with cecal material from a goose contain- 
ing a very few irichomonads. Some of the 
chicks became heavily infected. The de- 
scription of the species is based upon the 
forms which appeared in the chicks. Heg- 
ner finds that T. anseri has peculiarities 
which distinguish it from other tricho- 
monads. The body is oval in shape; size, 
6 9 „ by 3.5;.-6.5;. with a mean of 7.9;. by 
4.7;.. There are 4 free anterior flagella 
which arise from 2 blepharoplasts. and a 
fifth one which forms the border of the un- 
dulating membrane and becomes a free 
lash near the posterior end. The chromatic 
basal rod is distinct; the axostyle is broad 
and hyaline and protrudes considerably: 
the nucleus contains an eccentric karyo- 
some and is othersvise filled with minute 
chromatin granules. Bacteria are mgeste 
into the cytoplasm through a prominent 


^ Chilomastix gallinarum Martin and Ro- 
lertson. 1911. This flagellate and m cysts 
vere first reported from fowls by Marun 
tnd Robertson (1911). The b«t ^ccoun tis 
hat of Boeck and Tanabe (1926). who also 
lescribed the process of binary fission m 



1142 


EVERETT E. LUND and MARION M. FARR 



FIO. 37.13 - Chilemostix 9 at(inarum, temidio* 
grommalie. illujfrating de>a(l* of moroKology. 
XS.OOO. (Soeck and Tanobo, Am. Jovr. HyV) 


detail (Fig. 37.13) (cf. McDowell. 195$). 

The trophozoites of Chilomasiix are 
pyriform, somewhat asymmetrical, and 
plastic. They vary considerably in size, the 
length ranging commonly 1 l*»-18;i and the 
width 5^-12;i. Occasionally a considerable 
number of the individuals reach a length of 
20^., or slightly more. After fixation with 
Schaudinn's fluid the dimensions are 10-20 
per cent less. A large cytostomal groove 
originates near the anterior end and termi- 
nates as a pouch just short of the center of 
the body. It contributes to the asymmetry 
of the trophozoite, and because it spirals 
slightly, the organism sometimes seems to 
be somewhat twisted. The margin of the 
cyiostome appears to be supported by 
fibrils, but their exact nature, number, ex- 
tent, and function have been interpret^ in 
various ways. As shown in Fig. 37.13 
Chilomastix has 3 free anterior flagella Md 
a fourth flagellum that undulates in the 
cytostome and aids in the ingestion of 
bacteria and other food panicles. The 
blepharoplasls svhich give rise to the 
flagella, supporting fibrils, and peristomal 
flagella are diflicult to count, but there 
seem to be 4 of them with the relationships 


to the other organelles shown in the figure. 
The nucleus is rounded and of the vesicu- 
lar type. 

Cysts are infrequently observed in fresh 
cecal material, but McDowell (1953) asserts 
that they are common in cultures. They 
measure 7/i,-8.5^ in length and 4.5/i-5.5/i in 
width. The internal structures are similar 
to those in the motile form except that the 
nucleus has moved to a more central posi- 
tion. 


For additional details concerning the 
structure of either the trophozoites or the 
cysts, as well as for information on a simple 
method of culturing the organism, the 
reader is referred to McDowell (1953). 

Oamrrence and host specificity. Chilo- 
mastix galhmrum is a common and usu- 
ally harmless inhabitant of the ceca of 
chickens and turkeys. McDowell reported 
having found it in 40 per cent of the 
“several hundred fowl of varying ages” 
used in his studies. The senior author’s 
records show that there is considerable vari- 
ation in the incidence in both chickens and 
turkeys, from season to season and year to 
.The factors responsible for these 
variations have not been determined. Only 
rarely is Chilomasiix present alone, so some 
of the circumstances favoring infections 
with trichomonads, amoebae, and coccidia 
are probably operative. 

Chilomastix has also been observed by 
the senior author in pheasants raised in 
close confinement, and in one instance in 
pen-raised chukar partridges. Kimura 
(1934) reported having found it in ducks, 
and May (1963) described an outbreak in 
quail. 


PnlTichomomu anatw Kotldn, 1923. 
This species, observed by Kotlin in the 
duck, has a more or less pear-shaped body 
me^uring by There are 3 

acuve flagella which arise from an anterior 
blepharoplast. It appears as if the axostyle 
w formed of 2 fibrils which arise from the 
blepharoplast, pass posteriad. and meet at 
a point a considerable distance from the 
caudal tip of the body. The nucleus ap- 
pears to lie between the fibrils at about 
the middle of the body. 
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Cochlosoma anatis Kotldn, 1923. This 
curious flagellate has a sharply outlined 
depression at the anterior end of one 
side. This concavity, similar to the 
sucking disc of Giardia, marks the ventral 
surface. The dorsal surface shows a con- 
vexity at the anterior end. The body 
measures 10^-12/i by 6^-7/*. From a 
bicpharoplast on the anterior border of the 
body there arises a tuft of about 6 flagella, 
all of which are directed posteriad adjacent 
to the surface of the body. Two axial fibrils 
(axostyle?) arise from a granule near the 
bicpharoplast and traverse the body to 
beyond the caudal lip. A vesicular nucleus 
lies in about the center of the body. Ovoid 
cysts with 4 or more nuclei are formed. 
Reproduction is either by binary fission 
of the trophozoite or by multiplication 
within the cysts (Fig. 37.14). 

This organism was found in the feces 
and intestinal mucus of a duckling which 
was suffering with coeddiosis of the in- 
testine, and in the ccca of a growing duck. 
Travis loaied them also in the cloaca and 
Urge intestine of ducks. Kotlin found the 
tame flagellate in Nyroca (erruginea and 
FuUca atra. Paihogenidty of the flagellate 
has not been proved. Travis (1938) ob- 
wrved it in the wild mallard, shoveller, 
pintail, lesser scaup, and domesticated 
mallard. Other spedes were observed in 
the magpie and Astern robin. 

Kimura in 1934 found a Codilosoma in 
Muscovy and white Pekin ducks in Cali- 
fornia which he named C. rostratum. It 


measured 6a-I0,j by 3.9,i-6.7^. McNeil and 
Hinshaw (19J2) iu%c found it tliroughout 
the intestinal irzct of turkey poults, and 
in the region of the cccal tonsil in adults. 
It occurred in turkevs assodateii with 
Hexamita or in tombinations of Hc-xamit.i 
and Salraonell.i. The true significance of 
this parasite in turkey jsoults or ducklings 
has not been detcrmincil. 

A severe outbreak of codilosomiasis, at- 
tributed to C rtiiJln, in poults of two to 
ten weeks on a turkcv farm in Scotland 
was recorded by Campbell (1915). The 
birds were affected witli a condition dini- 
tally and pathologically indistinguisliablc 
from infectious catarrhal enteritis due to 
Hexamita. The symptoms were as follows: 
intense thirst, frotliy diarrhea, depression, 
ruffled plumage, drooping head, closed 
eyes, loss of appetite, weakness, coma, and 
death. Only 2 or 5 days intervened be- 
tween lire first appc.nrancc of symptoms 
and death. /Vmong die findings at necropsy 
was tlic atonic intestine with dilations or 
bullae filled vvidi yellow fluid swarming 
with the jerkily swimming flagellates. The 
flagellate was revealed in every fresh case 
Tricliomonas and Hexamiu were also 
usually present, but Cochlosoma pictlomi- 
nated. 

HEXAMITA INFECTION 

Hexamitiasis is of imjjortancc princi- 
pally as a disease of turkeys, and as sucJi. it 
is adequately discussed in Chapter 41. Dis- 
eases of die Turkey. Tlic organism re- 
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sponsible for the disease in turkeys. Hexa- 
mila mcleagfidis McNeil, Hinshaw, and 
Kofoid, 1941, has been found in quail, 
pheasants, and chukar partridges, also 
(Hinshastf and McNeil, 1941; McNeil, 
1958). It can be transmitted experimen- 
tally to chickens and ducks, but is not 
known to occur naturally m these birds. 
Another species, H. columbae, had been 
described from pigeons (Nollcr and Butt- 
gereit, 1923) before the specific identity of 
H. meleagridis was set forth by McNeil et 
al. in 1941. H. columbae was recognized in 
California by McNeil and Hinshaw (1941), 
and Levi (1957) mentions other reports of 
it in pigeons in California in 1954 and 
1956. He calls it "an uncommon protozoan 
infection" in pigeons, but desaibes 
symptoms similar to those observed in 
turkeys. However, in comparison to hexa- 
mitiasis of turkeys, that of pigeons is of 
little economic importance. 

The U.S Department of Agriculture 
(1954) estimated the annual losses attribu- 
table to hexamitiasis of turkeys to have 
averaged about $667,000 for the period 
1942-1951 During the decade following 
that period, the number of turkeys raised 
in the U5. doubled (U.S.D.A. Agricultural 
Statistics 1962), but no indications have 
been found that losses attributable to hexa- 
mitiasis have increased proportionately 
However, the disease has been report^ 


from areas in which it had previously not 
been sought or recognized (as in Illinois: 
Levine, 1961). As McNeil (1958) pointed 
out, the symptoms of hexamitiasis and 
bluecomb are very similar, and there may 
have been some confusion of the two 
diseases. Furthermore, as she observed, 
they undoubtedly occur together at times, 
and it would be of interest to know 
whether the relationship is more than one 
of mere coincidence. 

A comprehensive paper by Wilson and 
Slavin (1955) on symptomatology, pathol- 
ogy, and diagnosis of hexamitiasis of 
turkeys in Great Britain, and a previous 
paper by Slavin and Wilson (1953), de- 
scribe a complicated life cycle for Hexamita 
meleagridis involving schizogony, cysts, etc. 
According to Hoare (1955), this unusual 
life cycle cannot be accepted without more 
plausible evidence. 

Bacteria-free cultures of H. meleagridis 
in the allantoic cavity of embryonating 
chicken eggs were obtained by Hughes and 
Zander (1954), who used rapid passage 
initially to adapt the flagellates to the new 
environment, and then the antibiotics 
streptomycin and bacitracin to eliminate 
contaminating bacteria. Eight- to 12-day- 
old embryos proved most satisfactory. No 
deleterious eflects were noted in either the 
embryos or the chicks which were per- 
mitted to hatch. 
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PARASITIC AMEBAS 

Entamoeba gallinarum Tyzicr, 1920. 
This ameba was desaibed by Tyzzer 
(1920) from the cecal excrement ol both 
young turkeys and the common fowl. The 
trophozoites measure from 9/i-25^ in di- 
ameter; average size, They are 

continuously and actively mocife at room 
temperature. Pseudopod formation is said 
by Tyzzer to be gradual rather than erup- 
tive in character, but Hegner (1929b) 
finds that it is almost as explosive as in 
E. histolytica. The ectoplasm is differenti- 
ated from the endoplasm. The latter stains 
intensely and usually contains a variety of 
inclusions such as cell fragments, flagel- 
lates, amebas of the genus Endolimax, 
and other material from the cecal con- 
terns. T-yzzei stated that bacteria are not 
utilized as food, but McDowell (1953) 
disagrees. The nucleus is spherical, and 
measures from 3/i-5^ across. A dense layer 
of chromatin is closely applied to the nu- 
clear membrane. Tyzzer stales that the 
endosome is centrally located, but in his 
figures he shows it in an eccentric posidon 
(c£. McDowell, 1953). 

The cysu are eight-nucleate when ma- 
ture, but immature quadrinucleate forms 


occur. The cysts arc spheroidal and have 
an average size of ]2>i by I5>t. 

This ameba is not known to affect the 
host adversely in life, but within a short 
lime after death the organisms migrate 
through the tissue and can be found in 
large numbers lluoughout the cecal mu- 
cosa and submucosa, t/nder these condi- 
tions the parasite may also ingest epi- 
thelial cells. Several workers have found 
this ameba in blackhead lesions in livers 
of turkeys along with other microorgan- 

If it should eventually be determined 
iliat this Entamoeba is identical with that 
found in the red grouse, the correct name 
would be £. lagopodis Fantham, 1910. Al- 
though only four-nucleate cysts of tlie lat- 
ter species were noted by Fantham, it is 
not unlikely that the mature cysts possess 
eight nuclei. What seems to be E. gaUi- 
narum was reported from guinea fowls by 
Hegner (1929b). 

Endolimax gregariniformis (Tyzzer* 
19M). Synonyms, Pygolimax gregarinifor- 
mis Tyzzer, 1920; Endolimax ianisae Heg' 
ner, 1926. 

This small ameba, found by Tyzzer 
(192(^ in the ceca of diseased and normal 
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Poultry Surgery 


Avian surgery was given little or no con* 
sideration for many years. The low value 
of the individual fowl in the farm flock 
made it economically unsound to resort to 
individual treatment. In recent years, as 
die result of the growth and development 
of the poultry industry to its present large- 
scale production methods, there has been 
an increased demand for better and more 
effective veterinary service to reduce poul- 
lyy losses to a minimum. The compara- 
tively high individual value of show birds 
and ornamental and game birds, as well 
as avian pets, has created considerable de- 
mand for individual medication and im- 
proved surgical methods. Consequently, 
substantial progress in avian surgery has 
een made for practical and experimental 

purposes. 

^he avian species make excellent surgi- 
cal subjects because their sensory nervous 
sjstems are apparently not as hi^ly de- 
veloped as those of the majority of our 
omesticated animals, and consequently, 
uey suffer less from surgical shock. Th^ 


also respond to both general and local 
anesthetics if properly administered. 
Birds also have a very high resistance to 
pyogenic infection, which simplifies effec- 
tive surgical technique under field con- 
ditions with little danger of postoperative 
infection. . 

Avian surgery may be classified in two 
distinct groups, practical, or applied, and 
experimental. The first group includes 
those operations necessary to relieve cer- 
tain conditions which are quite commonly 
encountered in poultry practice. The 
serond group has been developed for the 
purpose ot studying various problems in 
physiologic and pathologic research. 
Pimell surgefy is ^ 

^„e. I. will be 

with references for the bene /iqsrA 
desiring this information, ^^rrows ( ) 

Ivel^cd a technique for 
dre g£ard ot the 'tom 

( 1936 ) 
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as.J Stuart (11)33) liavc de\cloped surgi- 
cil iccltiiicjucs for cecal abltgation in an 
clfoii to control infectious cnierohepatitis 
in turkeys. Some of the surgical methods 
ilcscloptd in poultry rc^cardi base con- 
tributed inudi toward our present knowl- 
ctlgc of |>oultry physiology and patliology. 

Anesthesia. Anciiliciics arc not generally 
luctl in |H)uluy practice. They have been 
used successfully in cx(>crinicntal imesti- 
gatiotis svhitli insoKcil major operations. 
The anatomical structure of the asian 
respiratory system renders the use of in- 
h.ilatio!i anesthesia raiiicr unsatisfactory. 
Tim isjx; of anesthesia cannot be con 
iioiled adccpiatcly because of the infil- 
iiiiion of inhaled anesthetic into the air 
sast sdiuh constitute part of the respira- 
<jrs sssictn in birtls Frctiucntly. excessive 
tmnunts of tile anesthetic are absorbed, 
icsuliutg 111 respiratory failure, cardiac 
iiilubition. and death. Consequently, ether 
anil chlotuforin have been replaced bv 
S4inir of the more recently developed 
mrsiheticv v«hah can be administered in- 
iiavrnotisly Chloral liydraie injected in- 
iravcnousU tn doses from 0.2 to 0.1 gm. 
IikhIuccs a complete anesthesia lasting 
from 13 minutrs to I hour. Ifole (1933) 
ir]Kirted the minimum letlial dose ol 
<hl‘*ial to be lictucen 0 -1 and Ofi gm. 
Gandal (I9j<j) administered dtloral hy- 
drate tn sanous ways and found it to be 
loxic and dilTicult lo control. King and 
Uiggs (1937) rcjxsrtcd that the prolonged 
action and toxicity of urethane made it 
undesirable for surgical anesthesia. The 
intravenous administration of sodium amy- 
lol Solution (0 1 gm. |<r cc) is quite 
utisf.>itory as a general anesthetic ac- 
cording to Ficiz (1932). Injections of 0J> 
to 1.0 tt of this solution is adctjuaie for 
birds ranging from -1 to S {wtiodt in 
weighL Warten and Scoii (1933) consider 
sodium ]>cntobarbiul (nembutal) the 
most satisfactory general anesthetic fur 
[Kniliry practice. Intrascnous injections of 
t)J lo 0.75 ct produce cffcctise anesthesia 
fur as long as 2 hours. The intravenous use 
i>[ nembutal fur tuiVcys in doves of |.t cc. 
j>CT 5 {sounds of body >*Tighi was reported 


by Duraiil and .NfcDougle (1935) as an 
effective anesthetic. Arailez and Rosario 
(I960) reported on the use of kemitlial so- 
dium as a general anesthetic for diickcns. 
Friedburg (1962) describes successful tech- 
niques for anesthesia of parakeets and ca- 
naries. For anesthesia of short duration, 
ether or ethyl chloride, preferably Uie lat- 
ter, is administered by intermittent applica- 
tion. For more prolonged operations he 
suggested pentobarbital sodium or a chloral 
hydratc-pcntobarbital-magnesium sulfate 
combination (Equi-Thesin, Jcnscn-Salsbery 
Laboratories, Kansas City, Missouri). The 
dose is 0,25 cc. per 100 gm. body weight. 
The average parakeet weighs about 30 gm. 
or 1 or., and would require about 0.03 cc. 
in the pectoral muscle. A I.O cc. glass tu- 
berculin syringe with a 26 gauge, Vi inch 
needle is suitable for the administration of 
the anesthetic. The average canary weighs 
about 20 gm. but the exact weight should 
be obtained for calculation of dosage of 
jncsihctir. Pentobarbital sodium may be 
used if properly diluted. A concentration 
of 7 mg. per 1 cc. is suitable. For a 50 gram 
bird 0.2 cc. of this dilution injected Into 
the pectoral muscle is used. After five to 
ten minutes, suitable anesthesia lasts about 
hour. 

Local anesthetics have a limited use in 
poultry practice. Schalm (1936) reported 
the successful use of 2 per cent solution 
of novocain as a local anesthetic. Butyn 
in a 2 per cent solution is regarded very 
satisfactory by Sweebe (1925) for local 
anesthesia of the eye. 

ABDOMINAL SURGERY 

Abdominal surgery is limited to a few 
operations for conditions which arc q^'^ 
common in {louliry {rracticc. Caponiring 
is probably die most extensive operation 
performed for the production of birds for 
a s{>ccialircd market. The premium fc* 
ceived for this class of poultry producu 
makes Uic operation practical and eco- 
nomically profitable. The removal of egg* 
in the various stages of development from 
the abdominal cavity ol birds is 
tiecd. cspedally in eases involving birdi 
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which are known to be high producers or 
those which have high individual values. 
The removal of excessive quantities of 
fluids which accumulate in the abdominal 
cavity is often indicated. Cecal abligaiion 
has been given considerable attention in 
recent years in an attempt to control black- 
head in turkeys. At the present time, this 
operation must be considered only as an 
experimental procedure. An effective 
method of sanitation and hygiene insti- 
tuted in the system of management has 
proven to be more practical and satis- 
fanory in controlling this disease. Because 
of the interest shown in this work, a brief 
review of some of the methods developed 
will be presented. 

Caponiting. The castration or desexing 
of cockerels is commonly known as capon- 
hing. The optimum stage of development 
is reached at 8 to 10 weeks of age when 
the birds reach about V/t pounds in 
weight At this age there are fewer so- 
called slips, and the mortality can be kept 
M a rainimum. However, Quigley (1961) 
recommends caponizing earlier; from 5 to 6 
weeks of age. The water should be with- 
held for 12 to 18 hours prior to operation. 
"This permits the intestinal contents to be 
reduced to a minimum, causing the in- 
testines to settle away from the testicles as 
well as the upper wall of the abdominal 
cavity. Consequently, when the intercostal 
incision is made, there is a clearer field 
of operation in Ure abdominal cavity and 
less danger of intestinal puncture. A suit- 
able table, proper confinement, adequate 
light, and proper instruments are essential 
for satisfactory results. 

The cockerel is placed on the operating 
table on its left side. The wings are se- 
oarely held together above the body by 
a suitable restraining device and fastened 
to the upper side of the table. The legs 
we likewise secured togetlier and fully 
extended, being fastened to die lower edge 
of the table. This position permits free 
Recess to the field of operation (Fig. 38.1). 
Some of the soft feathers are plucked from 
t e region of die hips and ribs. The field 
of operation is cleansed with a piece of 



L- ~ 

FIG. 38.1— of operoflon for eop6nirin9- 


cotton moistened widi clean warm water 
or weak antiseptic solution. With the 
fingers of the left hand, locate area 
midway between the last two ribs (6th and 
7Ui) where the incision is to be made. 
Dri- .he sUn back over .he h,p and whh 
it the sartorius or thigh muscle '«"1' 
leit hand. An incision ts made '1 

incl. long throogh the sltn “ J 
structures, midway between , 

“ear the serlebral oolfm" ” 

Bculty may be ‘ “ .]r““ i„“j3i„„ 

removing die genital 
of die vein "hich/uns diag 
die body from thigh to g ^ 

abided, of whicli should be 

incision, the hanilie 
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FIO. 38.2 - Incliion wiih ln»ertlof* of spreader*. 

directed toward the back so as not to 
interfere with the operator. The peritoneal 
membrane medial to the intercostal struc- 
tures which forms the abdominal air sac 
is punctured with a sharp hook or probe 
exposing the abdominal organs. The go- 
nads, which are about the size of a wheat 
kernel, can be seen attached dorsally at 
the anterior extremity of the kidney. These 
organs are usually yellowish in color but 
may vary from white to gray or even black 
The lower gonad (left) should be rt 
moved first by clamping it securely with 
forceps and twisting it free from its at 
tachments. The upper one (right) is re- 
moved in the same way. The spreaders 
are then removed and the bird is released 
from the operating table. The skin and 
thigh muscle slip back in place as the 


limbs regain ilicir normal positions, sen- 
ing effectually to dose the opening in the 
abdominal cavity. 

The principal danger in this operathe 
procedure is dcalii from internal hemor- 
ihagc which takes place within a few 
minutes following rupture of a primary 
blood scsscl. The testicles are located at 
a ]>oiiu where the right and left iliac veins 
conserge into the posterior vena cava (Fig. 
39.3). The aorta is situated below the 
scii.t cava when the bird is on the oper- 
ating table. The spermatic vessels which 
supply the circulation of the testicles arc 
ruptured when the testicles arc removed; 
but in the young cockerel these vessels are 
so small that serious hemorrhages arc sel- 
dom cxjKricnced. The operative field is 
such that injury to the major blood ves- 
sels can be avoiilcd with ordinary care. 

Electrical instruments have been de- 
vised and sold on the market for tlie re- 
moval of i])c gonads to take the place of 
the more commonly used instruments. 
They have the advantage of cauterizing 
ilic tissue to whidi tlic gonads are at- 
tached and possibly reduce die number of 
slips. They arc not so easy to manipulate 
as some other instruments and not suitable 
for use under field conditions where elec- 
tricity is not available. 

The removal of Uie entire organ is very 
essential in order to prevent so-called 
slips. Any fragracnis vvhidi remain intact 
may result in the proliferation of this re- 
productive tissue, and the operation will 
fail to achieve the desired objectives. The 
secretions from the incised tissues rapidly 
form hard crusu or scabs. It takes much 
longer for the healing of the indsed tis- 
sue to become complete. A certain per- 
centage of operated birds will develop 
wind puffs which are caused by the air 
escaping from Uie body cavity through the 
intercostal incision becoming enclosed in 
the subcutaneous tissues. This condition 
IS relieved by puncturing the skin and rc- 
Jeasing the enclosed air. The birds sliould 
be transferred to clean houses with plenty 
of clean litter on the floors. They should 

e confined and kept as quiet as possible 
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FIG. 38.3 -Ventral view ihowino the relative P®*"'®" 
blood vessels In the operative field. (I) left tesi.cle tl-9h« r Pf 
«va formed by the vnion of the right ond left PS"”/ 

vein. (6) Mesenteric artery. (7) Operative incision on the g 
gonads ore removed. (Kons. Agr. E*per. 5lo.) 


for a ueek or 10 days following caponizing, 
after which they may be given free range 
3nd managed to produce the maximuni 
growth and development. 

Considerable work has been done in an 
®®®rt to produce capons by the use of 
chemicals rather than by the usual opera- 
c»ve procedure. Guinn (1944) reported a 
method which apparently is quite effcc- 
^'e and may prove to be of practical ira* 
^rUnce. Male birds, ranging in age from 
to 10 weeks, received a highly com- 
prcKcd pellet containing an average of 15 
grams of diethylstilbestrol implanted 
Under the skin of the neck. An incision 


U one-fourth of an inch long was 
e in the skin of the neck and the pel- 
,vas introduced into the inasion and 
led about one incli forward from 

rotTndsion.The -ated birds ^adu- 

iipfl S or 6 pounds m . 

receiving dielh)hiilbcitr<.l pel- 

V“n/Wa.2. (' «») 
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subcutaneous implantation of diethyistil- 
bestrol was much more effective than the 
oral administration of this agent. It should 
be remembered that such subcutaneous 
implants of any product should be made 
in the discarded or inedible portions of 
the bird, such as the upper cervical re- 
gion. The consumption of the tissue con- 
taining either a whole or residual di- 
ethylstilbestrol pellet might cause an un- 
favorable reaction in those who consume 
such material. Laufler (1957) found that 
estrogen treatment was superior to capon- 
izing, producing heavier birds in which 
the finish, feathering, and fleshing were 
superior. 

The U.S. Food and Drug Administration 
has not permitted the use of diethylstil- 
bestrol in pellet or paste form in poultry 
since December, 1959. Residues of this 
chemical were found in the tissues of 
treated poultry and such poultry products 
were considered to be unsuitable for food 
purposes. 


Poularduation. Poulardization is the 
surgical removal of the ovary in birds 
This operation has been performed in 
poultry for many years but is rarely done, 
experimental surgery has shown that the 
removal of the reproductive capacity of 
birfj hasten, the growth and improves 
the quality ot the hesh. Apparently 
poulardization of ducks has gained limited 
acceptance the Philippine, recently. 
The operative technique described b, 
AraSei and Saguin (1955) is quite ad 
factory, especially in ducts. Undoubtedly 
suitable estrogen treatment, could be de 
veloped which would achieve the Mme 
objectives without surgery or the surgical 
risks involved. ° 


C«al abligation. The surgical technique 
developed for this operation has been re 
ported by Durant (1926) for fowls and 
at a later date for turkeys with reference 
to the control of blackhead (Durant 
1930). The general procedure is similar 
to that for caponizing. The incision is 
made on the left side between the last two 
ribs, as the junction of the ceca and the 
intestine is located opposite this point 


The proximal terminations of the ceca 
can be easily lifted through the incision 
lo a convenient position for ligation. Each 
cecum is occluded by means of two catgut 
ligatures about 4 mm. apart as close as 
possible to the junction of the ceca and 
the intestine. Tlicse ligatures should be 
drawn tight enough to dose the lumen of 
the ceca, and yet not tight enough to cut 
through the cecal wall. The organs are 
then replaced and the incision is closed 
by a single suture. Durant reported that 
if the ligature is passed around the two 
adjacent ribs and drawn tight enough ef- 
fectively to dose the margins of the in- 
dsion. the subsequent danger of wind 
pulfs is practically eliminated. The ceca 
do not become necrotic because the blood 
supply to these organs is not destroyed. 
Atrophy of the ceca from disuse follows 
in most instances, and they become scaled 
pouches suspended on the mesenteric llga* 
ments. Occasionally, both ceca may be- 
come greatly enlarged in from 7 to 32 
montlis after the operation. ^Vhile the 
complete occlusion of the ceca was effec- 
tive in preventing blackJiead in turkeys, 
the mortality was so great as to make the 
procedure economically unprofitable. 

The use of aluminum damps in place 
of ilie cecal ligatures as reported by Dela- 
plane and Stuart (1933) reduced tlie mor- 
tality considerably, but this method did 
not entirely prevent the ceca from re- 
suming their functional activity. 

A different operative technique, which 
proved to be more successful, was de- 
veloped by Schlotihauer and his associ- 
They made the abdominal incision, 
medial and parallel to the left pubic bone, 
about ii^ inches in length. A small 
aneurysm needle was slipped through the 
mesentery under the ceca near their 
prowmal terminations and the organs ex- 
posw through the abdominal incision. A 
small hemostat was placed across both 
ceca tlirough the aperture in the mesen- 
made by the aneurysm needle, .and 
h ^ walls were completely cruslied 

^emostats. Silk ligatures v.ere 
P aced above and below the crushing 
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clamp. No losses were reported from this 
operation, and the resumption of func- 
tional activity of the ceca was not ob- 
sencd. 

retention. The retention of eggs in 
the posterior portion of the oviduct is not 
uncommon in fowls during heavy pro- 
duction. This condition may be caused by 
temporary suspension of the normal 
phjsiological activity or may be caused by 
an obstruction. Abnormally large eggs also 
may be rather firmly lodged in the oviduct, 
"hich require manipulation or surgical 
removal. 


In many cases where there is no indi- 
eauon of pathological conditions, the re- 
tained eggs may be removed easily with- 
out surgical methods. A lubricant such as 
min^era! oil may be introduced into the 
oviduct. The forefinger is inserted through 
_ 0 tent; gentle pressure on the abdomen 
“exerted with the other hand forcing the 
^ tovsard the vent. In cases involving 
SP of excessive size which cannot be re- 
“O'ed without injury to the tissues of the 
* uct and cloaca, the egg may be moved 
^5 cnorly by manipulation to a position 
ven^Vi!® through the 

® is then punctured with a 
tent^ ‘"^^unient, after which the egg con- 
and shell fragments are removed, 
oaca and posterior portion of the 


oviduc* may be irrigated wiili a cool, mild 
aniis'p'u solution lo reduce the inllani- 
mato’v I'^ariion, in cases where it is ap- 
parent ihai tumors are responsible for the 
obstriuuon, the fowl should be dcstioycd. 

Removal of eggs from the abdomen. 
The icr.i.mdjtion of eggs in the abdomi- 
nal c.ivux occurs in fowls during periods 
of h'g!) Oicdutiion The abdomen be- 
comes distended, often rc.vching 

the gr^^unJ (Fig. 38 4A and 11) The 
feathers .in tttiioved from the operative 
field on liw alidomcii below tlie vent The 
surface .«t the skin should be cleansed and 
disinfertcd with a mild solution of a suit- 
able antiseptic. General .inesilicsia may 
be useil cii'cctivclv An incision about 3 
inches long is inatle through the skin and 
abdominal w'dil between the xiphoid 
terminal ol the sternum and the cloaca. 
The eggs may be removed from die ab- 
domin.al cavity by manipulation and pres- 
sure on the abdominal wall. The incision 
is then closed by using a continuous cat- 
gut suture. McKenney (1029) reports 
continuous production follovving a succesv 
ful operation. Gandal (19G0) describes a 
practical technique for relief of egg-bound 
birds. For parakeets, canaries, anil smaller 
birds a serrated-tip thumb forceps is in- 
serted into the cloaca in dosed |>osition 
and then allowed to expand slowly to make 
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applied lo tlie wound. Feed and water 
should be withheld for about 12 hours, 
after which the bird should be fed spar- 
ingly for a few days. 

Crop impaction. The ingestion of large 
quantities of bulky or dry feed frequently 
results in the overdistention of the crop 
and the inhibition of the normal physio- 
logical activity. In some cases a rubber 
tube may be inserted in the esophagus, 
and the injection of water into the crop 
may soften the crop contents suHidently to 
reliese the condition. "When the removal 
of the CTop contents is indicated, the opera- 
tise technique used in the removal of 
foreign bodies may be successfully cm- 
plo)cd. In cases of greatly enlarged or 
pendulous crops, a portion of the sv,ill 
may be remosed before suturing. Tlie 
postoperative care of the bird is similar 
to that desaibed in the discussion of 
foreign bodies. Fisher and Weiss (1956) 
found that surgical crop removal in 
chicks had no untoward effect on subse- 
quent growth and development. 

Amputation of comb and wattles. The 
surgical removal of die comb and wattles 
J* commonly knosvn as “dubbing” and 
"cropping” in poultry practice. Extensive 
injury, edema, or infection of these ap- 
pendages indicates removal. The abnormal 
development of the combs and wattles 
frequently makes it advisable lo remove 
Aem in order to prevent possible injury. 
The operative technique developed by 
Schalm (1936) has been highly satisfac- 
tory. The combs of birds are very vascular, 


and tlicir removal ma'y he followed by 
profuse and often fatal hemoirhage un 
less proper operative technique is em 
ployed. A suitable Icrai auestlietir such .'s 
a 2 per ecu' solution of novocain in combi 
nation with adrenalin oi anoiiier hemo- 


static agent can be U'ol cffccuvcly A 
special clamp for this puipose (Fig. 
is applied to the bav of ihe lomb and 
tightened suir»iently to at rest the cii ^'u 
lation of the appendage (T:g 3Rt.\). The 
comb is amputated v ith a scalpel or scj« 
sors one-eighth of an inch ahose the clamp, 
following the curvaiurc of ihe rlamp The 
cut suifacc IS dioroughly seared with a hot 
iron and die clamp is rcmoveii The small 
posterior portion of the comb Tcmaining 
Is removed and scared (Fig 38 6B). Com- 
plete healing follows as a role in SO days 
The wattles may be removed with a 
heavy pair of shears, followed immediately 
bv the application of a suitable astringent 
such as iron subsulfatc. The arienal 
hemonhage can be controlled witli hemo- 
static forceps. Tliese operations can be 
performed at any age, but less hemo^ 
rhage is experienced and more rapid heal- 
ing is observed in younger birds, 

Laurent and Carmon (1959) reported a 
2 to 3 per cent increase in egg production 
and lower feed cost following dubbing 
White Leghorn pullets. 

Trimming of claws and spurs. The 
trimming of the toenails of poultry and 
iiets, including canaries, parrots, and cage 
birds, can be done easily with heavy surgi 
cal shears. The sharp points and edges 
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should be removed with a flat nail file 
The spurs of male birds are Irei^uenily 
removed because of injuries inflicted dur- 
ing fights During the breeding season in- 
juries to the backs of turkey hens caused 
by the spurs of the males may be quite 
serious, and consequently the removal of 
the spurs is indicated. A pair of canine 
bone shears is an ideal instrument for this 
purpose These appendages can be ampu- 
tated with little or no hemorrhage if 
properly done. In turkeys it is well to tiim 
the toenails down almost to the corium. 
If the toenail should be cut too short! 
tannic acid powder or any other suitable 
astringent will effectively control the 
hemorrhage 

Prevention of spur development. When 
large numbers of birds in a breeding flock 
are kept together, it is often advisable to 
prevent the development of spurs on the 
male birds. The technique developed by 
Smith (1932) is simple and effective. This 
treatment is applied when the spur cap 
has started to develop and is not over 14 
inch long. Male birds reach this stage of 
development at 10 to 16 weeks of age, de- 


pending on the breed. The spur caps are 
cut off close to the leg, and a stick of 
postassium hydroxide is applied and 
rubbed well into the wound. The cauter- 
izing action of the potassium hydroxide 
arrests the hemorrhage, destro)s the em- 
bryonic spur tissue, and prevents the sub- 
sequent development of spurs. 

Flight control. It is often necessary to 
arrest the flight of birds either temporarily 
or permanently. Temporary flight control 
can be secured by brailing or clipping- 
Brailing is accomplished by tying one 
wing dosed with a soft cord or bandage. 
Wing dipping is commonly practiced by 
^ulir)men and consists of cutting the 
first ten flight feathers close to the wing 
only. Clipping is effective in 
k*-!* ^ period of about one year 

while this procedure must be repeated in 
young birds every month. 

The removal of the last segment of the 
wmg at the joint is referred to as pinion- 
ing. A tourniquet should be applied to 
u»e wtng to control hemorrhage. The dis- 
^gment of the wing may be removed 
at the joint with a scalpel or a strong pair 
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of shears. The wound should be thor- 
oughly cauterized with some good caustic 
agent to prevent hemorrhage and subse- 
quent infection. This operation should be 
performed on one wing only and should 
not be done just prior to or during the 
breeding season. Sperling and Faber 
(1951) have recommended wing tip 
amputation in flight control of game birds. 

Permanent flight control may also be 
obtained effectively by tenectomy, whicli 
consists in the removal of a section of the 
tendon which extends along the under 
side of the wing and runs parallel to the 
major blood vessels. Pinioning and tendon 
resection are recommended for game birds 
bred in captivity. 

Dcbcaldng. The removal of the lip of 
the upper segment of the beak is known 
as debeaking. This operation is indicated 
to control cannibalism and prevent fight- 
tng in male birds. The technique de- 
veloped by Kennard (1937) has been quite 
effective. The tip of the beak is not cut 
off but is separated from the deeper struc- 
tures by traction or tearing. A short cut is 
made into one side of the beak only, ex- 
tending into the margin about 1/16 to 1/8 
of an inch (depending on the size of the 
beak) at a point i/j to i/i inch posterior 
|o the tip. The flat side of the knife blade 
J* placed against the cut portion of the 
eak and raised to loosen the edge. The 
tip IS torn off by applying traction toward 
e opposite side and down toward the 
ower mandible. This procedure causes 
‘ttle discomfort to the bird and prac- 
tically no hemorrhage. This removes the 
tip of the beak, rendering the bird harm- 
«ss for 2 or 3 weeks. Debeaking does not 
pretent the bird from eating or drinking 
itor does it materially affect the egg pro- 
^uaion in hens. A more recently de- 
eloped technique, using an improved 
e ectrical debeaker, has replaced tlie surgi- 
^ removal of the tip of the upper seg- 
^itt of the beak in large-scale poultry 
production, Debeaking now is a routine 
^ocess in commercial production, es- 
pecially the large-scale broiler industry, 
^nsdale et al. (1957). Keene et. al. (1959), 


and Wyne et al. (1959) found that the re- 
moval of one-third of both the maxilla 
and mandible of day-old bab) chicks had 
no sigrihcant ciTett upon growth and de 
velopment or iced conversion efficienev. 
Darrow and Stotts (1954) reported similar 
experiences Tins procedure is effective 
in the control of various terras of canni- 


balism 

Draining sinuses of the head. There are 
several avian diseases associated with in- 
fection in the sinuses of the head. In the 
domesticated fowl the exudate which ac 
cumulates in the sinuses rapidly becomes 
solidified or caseatc-d, In turkeys the exu 
date remains more oi less liquid in form 
especially in the earlv stages of sinusitis. 
The consistency of ch? exudate can be as 
certained by palpation of the enlarged 
sinuses. U the exudate is solidified or 
caseated. the surgical removal of the exu- 
date and the irrigation of the sinuses are 
indicated. The incision of die swollen 
sinus is made at the anterior ventral mar- 
gin with a pointed scalpel, making an in- 
cision from i/s to '/* inch in length. The 
exudate may be scraped or curetted out of 
the sinus and an aqueous solution of silver 
nitrate applied to the mucous membranes 
of the sinus. Madsen (1938) reported hat 
a 4 per cent aqueous solution of silver 
nitrate is slightly more elTecuve than a 2 
per cent soluuon for this purpose. It may 
be necessary to repeat the application of 
the silver nitrate soluuon before the 
action of the exudate is arrested. 

The method of treatment recommended 
by Hinshaw (1937). especially suitable 
for the treatment of sinusitis m turke)s. 

inches m length is su 

skin and sinus me j.ringe plunger 
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cavity. About 1 cc. of 4 per cent silver 
nitrate solution is tlien injected into tlie 
sinus and distributed over the entire sur- 
face of Uie sinus mucosa by gentle mas- 
sage. Excessive quantities of the silver 
nitrate solution should be avoided. This 
method of treatment has been extensively 
used with satisfactory results. (See sinusitis 
discussion under turkey diseases.) 

Tumors. Neoplastic formations are 
commonly encountered in poultry prac- 
tice. According to Feldman (1932). birds 
arc subject to many different types of neo- 
plasms involving practically all tissues 
and organs. From the clinical standpoint, 
we arc interested in two distinct types — 
benign and malignant. The benign tu- 
mors are localized and develop firom a 
central focus. The malignant tumors 
spread to the surrounding structures and 
are capable of establishing multiple foci 
in the course of their development Be- 
cause of the common recurrence of malig- 
nant tumors, surgical removal is seldom 
effective. 

Benign tumors may attain such a size as 
to interfere with ilie normal physiological 
processes of the bird. When they occur on 
the exterior surface or in the superficial 
structures of the body, they can be re- 
moved surgically. Local anesthesia may be 
employed successfully. The neoplastic tis- 
sues are excised and ilic wounds treated 
as the local conditions may indicate. Gan- 
dal and Saunders (1939) developed a sur- 
gical technique for iljc successful removal 
of subcutaneous tumors in parakeets. In- 
ternal tumor formations arc seldom diag- 
nosed in die living bird. In cases where 
this condition is suspected, it is advisable 
to destroy the bird. 

Fractures. Fractures of the long bones 
of the wings and legs of birds arc not in- 


frequent. Treatment is warranted only in 
the case of exceptionally valuable birds or 
in pets. Simple fractures heal readily in 
a week or 10 days if the fracture is 
properly reduced and the limb is im- 
mobilized. Suitable splints can be fash- 
ioned from pieces of light wood, quills, 
or cork which can be held in place ef- 
fectively with gauze bandage coated with 
sodium silicate. In cases of compound 
fractures, windows may be left in the cast 
for the purpose of dressing the wound 
with a powdered antiseptic. Care must be 
taken not to obstruct the circulation of 
the limb when applying the splints and 
bandage. 

Blood samples. Blood samples are usu- 
ally obtained from the wing veins of our 
domesticated birds. Under certain condi- 
tions It is desirable to secure blood samples 
from various species of the smaller birds. 
Sooier (1954) used cardiac puncture. Mc- 
Clure and Cedeno (1955) secured blood 
samples from the right jugular vein. 
O’Meara (I960) developed a technique by 
which suitable blood samples could be se- 
cured by one person under aseptic condi- 
tions. The wings are fastened together 
above the back with a suitable clamp ap- 
plied at the primary feather area. The 
wings .are inserted in a narrow slot cut 
in a cardboard box with the clamp on the 
underside. The bird's feet may be secured 
with a cord loop or suitable rubber band 
placed over the legs. The bird and the 
support board are placed on a box and the 
neck of the bird extended over the edge 
of the support. The suprasternal cleft is 
cleansed with an alcohol swab, hypodermic 
ne^Ie is inserted and directed from this 
point posterior and ventral into the heart. 
The blood sample is slowly aspirated into 
a small sterile syringe. 
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Vices and Miscellaneous Conditions 


Vices 

Vices of poultry are those undesirable be- 
havior patterns manifested by a few or 
many individuals in the flock which re- 
sult in injury, death, or economic loss. 
CANNIBALISM 

Cannibalism occurs in various forms in 
all breeds of domestic fowl. According to 
Weaver and Bird (1934), the light breeds 
of the Mediterranean class are much more 
susceptible to these vices than the heavier 
breeds of the American and Asiatic classes. 
Causes 

Many causes of cannibalism have been 
suggested but often outbreaks of canni- 
balism occur in one pen whereas similar 
environmental conditions or feeding prac- 
tices in other pens on the same farm do 
not cause any difficulty. Conditions that 
have been suggested as predisposing lo 

• Grateful acknowledgement is made to Dr L. 
H. Schwane, the original author of this chapter 
for much of the material in this section. ^ 


cannibalism are: feeding only pellets, caf- 
eteria system of feeding, too much com, 
insuflicieni feeder or drinker space, being 
without feed too long, not enough nests, 
nests too light, and too much light in the 
house (Husion ef al., 195G: Ostrander, 
1957). 

Types of Cannibalism 

Picking of the vent or the region of 
the abdomen several inches directly be- 
low the vent is the severest form of can- 
nibalise This condition is generally ob 
«rved in pullet flocks in high production. 
Pr^isposing factors are prolapsus of the 
oviduct or tearing of the tissues by pas- 
sage of an abnormally large egg. Once 
birds acquire the taste for blood they will 
continue their cannibalistic habits with- 
om provocation. Many poultrymen will 
pick up dead birds day after day without 
observing that they have been picked 
about the vent and in some instances 
eviscerated. 

Feather pulling is most frequently ob- 


[na2] 
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served in flocks kept in close confinement 
with lack of sufficient exercise. Nutritional 
and mineral deficiencies may be contrib- 
uting factors. Irritation caused by lice 
and mites may induce feather pulling (see 
External Parasites). 

Toe picking is most commonly seen 
among chicks. This generally starts be- 
cause the chicks cannot find feed either be- 
cause the hoppers are too high, they are 
too far from the source of heat, or there 
is insufficient feeder space. It is a common 
practice to start chicks on paper for the 
first few days so that they will not eat 
the litter. This means that there is noth- 
ing for the chick to peck at except his 
neighbor’s toes if feed is unavailable. It 
is a wise practice to put mash on news- 
papers or on chick box covers and place 
them under the hover during the first few 
days of brooding. 

Head picking usually follows injuries 
to the comb or wattles caused by freezing 
or fighting among males. A dilTerent form 
of cannibalism is now being observed in 
debeaked birds kept in cages. In this type 
the area about the eyes is black and blue 
with subcutaneous hemorrhage, the wat- 
tles are dark and swollen with extravasated 
blood, and the ear lobes are black and 
necrotic (Fig. 59.1). Even though the birds 


are debeaked and kept in separate cages 
they will reach through the wire and peck 
at tbe neighboring bird or they will grasp 
the ear lobes or wattles of the bird and 
shake their heads in much the same fashion 
as a terrier shaking a rat (Angstrom, 1962). 

Wing and tail picking frequently follow 
feather pulling or external injuries. Pin 
feathers are highly vascular and bleeding 
follows their removal or breakage. Birds 
tvill exsanguinate themselves by continual 
picking at a feather follicle that oozes 
blood or by pecking at a small lesion on 
the foot or other part of the body. 

An unusual form of cannibalism was 
reported in quail by Bass (1939). It has 
been termed "nose-picking’' as the birds 
peck at the top of the nose where the 
fleshy portion merges with the beak. The 
condition is generally seen in birds 2 to 7 
weeks of age kept under crowded condi- 
tions. If the picking is severe enough the 
bird will die as the result of blood loss. 
If the bird survives, the beak will be per- 
manently deformed and the males will be 
unsatisfactory for breeding stock. This vice 
occurs only when birds are brooded under 
artificial conditions. It seldom develops 
in large pens on the ground in which 
there is opportunity to pick and scratch. 
It was observed that the addition of raw 



FIG. 39.1 — Cannibalism. This 
bird was a victim of its pen 
mates even though they were de. 
beaked. Note black and necrotic 
ear lobe and blackening around 
eye and wattles due to subcu- 
taneous hemorrhage. 
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meat to the ration was ser)' cliccthe in 
prc\cnting and controlling outbreaks. It 
may be necessary to witliholi! the grain 
ration for a lew ilays until the biiiU be- 
come accustomed to the meat. 

Control 

In the past, many remedies hate been 
used to stop cannibalism such as hanging 
cabbages or sugar beets in the (>en. putting 
pine boughs on the floor, painting the 
windows red. using a red light bulb, datk- 
cning ilie pen and nests, applying pine 
tar to picked birds, using no-pick saUcs. 
using rc{>ellcnt sprays, adding additional 
salt to the feed or water, and feeding oats. 
Miller and hcaivc (13S7) Tr)iortccl that 
an increase in fiber conicm of the ration 
reduced the incidence of cannihalisiu. 
Kennard and Chanilicrlin (lO^C) tcyiottctl 
that feather pulling and other tires in 
confined birds largely disappeared when 
the ration was supplemented with oats. 
Kull (lOiS) found that cannibalism and 
feather picking were siopiicd by ttie addi- 
tion of manganese sulfate and horn meal 
to the mash Nelson rejioricil cficc- 

live results in 2i to -18 hours in many in- 
stances by the addition of setcml thamin 
preparations to the feed- WiUinton and 
Morgan (1935) reported that the addition 
of minor nutrient mineral elements to the 
ration did not show any caniisicni effect 
on feather pulling and cannibalism under 
experimental conditions. Neal fl956> re- 
ported that DL-methioninc seas cfTccioe in 
(ontrolling cannibalism in laying hens, 
but Creek and Dendy (1937) claimcti their 
investigations did not indicate that mcili- 
'Cin'uiR. 'awin/Acacj/vJ. ’xtiiKtr 

rics. 

When cannibalism has berome estab- 
lished in a flock the only method to stop 
it is to apply mcdianical devices sucli 
as specs or pLckguatdi. or by dciscaksng. 
The mechanical devices have several dis- 
.idvantagcs because they can only be pul on 
birds of pullet size or larger, they are rela- 
tively expensive, and it takes considerable 
time to pul ihetn on. They do have an 


adsaniagc since the ojicration needs to 
he done only once whereas it may be iictcv 
sjry to dcbcak several limes. 

Toilay the tnovi widely accepted means 
of presenting and stopping cannibalism it 
ilcbcjking. t)cl>caking can be done on 
birds of any age from one day to maturity. 
Ostrander (1937) dcscrilvd and illustrated 
in detail the various dcWaklng tcchniffucs. 
.Many broiler giowers and some egg pro- 
rimers li.vvc their rhieks tlclKakcrl at one 
day of age (Lonsdale ft ai, 1937; Moigan, 
1937). Care tnmi Iw used in rlcbcaiing 
(hicks to prevent adverse clTcctt. 11 the 
beak is not cut tcpiarcly across many chuks 
will develop (fuss iKaks. About onc-ihird 
uf the up|rer licak ami just the tip of the 
lower licak ate tcmnvevl. Cate should be 
ohscivrd in caiiicriring the beak of thkks. 
Too little cauicrtratiois ccvulls in excessive 
bleeding and too much causes necrosii of 
the lissiiw. Tlie incidence of •’itarve-owis” 
(failure to rat) is mudi higher in dclacaked 
(hicks, ’nieiefoie, every effort should be 
itvailc to have the (ceil and water readily 
available for the fust few days. 

.Many ]x>nlir>men debeak their lajing 
skkL before housing lime. 'Hiis is (ur* 
iiculatly true where they arc kept under 
(low lonfinemcni in colony rages. Tlic 
up|>cr l>cak is cut and cauterized with the 
electric debeaVer midway Ijctwccn the jwint 
of the Ire.ik .and the noitrilv. Some also ad- 
vocate that the lower Ireak be cut. H dc- 
Iscaking is done on .n flo(k in pnxhiction 
iKcaiiic of an emergency, it is Iscst to de- 
beak only to the "(piick." This will usu- 
ally stop eaimibalism bul will nut upset 
pi^uction. If an electric dcbcakcr it not 
-iViVv 3irfm tA fitVAi’s.' 

ing can be done by using a sh-vrp jackknife. 
A nick is made in the Iscak about Vt of 
an inch from the tip and with the thumb 
holding the cut iwrtion of the beak against 
the blade the knife is rollcil around the 
tip of the beak tearing off the horny |>or- 
tion and exposing the ''quick." If properly 
done there is little or no bleeding follow'- 
ing dcbcaking. If birds are debcaked 
severely the lower beak may grow very 
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FIG. 39.3 •— Debeaking, Note hov/ 
>bs lower beak has become ex* 
eessivel/ long following debeak< 
ing of the upper beak. This in- 
terferes with eating and drink- 
ing. 


long in time and interfere with eating and 
drinking (Fig. 39.2), If this occurs it may 
be necessary to cut of! the lower beak to 
permit the bird to eat and drink properly. 

EGG EATING 

This costly vice of chickens is similar in 
some respects to cannibalism for once a 
few individuals acquire the habit it quickly 
spreads throughout the flock. Predispos- 
ing factors to egg eating are conditions 
which favor egg breakage such as inade- 
quate nesting facilities, failure to collect 
eggs frequently, insufficient nesting ma- 
terial, and soft-shelled or thin-shelled eggs. 
If a large number of soft-shelled or thin- 
shelled eggs are being laid, then conditions 
that may be responsible for these abnormal 
eggs should be investigated (see the section 
on abnormal eggs). 

The prevention of this vice is best ac- 
complished by eliminating those conditions 
which favor egg breakage. Stopping the 
egg-eating habit is very difficult. If the 
birds have not been debeaked, then de- 
beaking should be done. Once birds have 
developed a liking for eggs they will not 
only eat broken e^s but will deliberately 
eat any egg whether or not it has an intact 


shell. Debeaking will make the end of the 
beak sensitive for a few days and the birds 
will be reluctant to peck against a hard 
shell. Darkening the nests by putting bags 
over the front or end of the nests will aid 
in stopping the habit. The frequent col- 
lection of eggs is mandatory if the egg-eat- 
ing habit is to be checked. 

HIDING OF EGGS 

The primitive instinct of wild birds to 
lay a clutch of eggs or "steal a nest" is often 
manifested in all breeds of domestic poul- 
try. It happens less frequently with chick- 
ens than with other fowl. In commercial 
flocks the practice rarely occurs, but in the 
small barnyard flocks, nests are frequently 
made in the haymow, hay fields, hay 
stacks, under buildings or woodpiles, or 
in various outbuildings such as tool sheds. 
With ducks and geese the practice most 
commonly occurs in the spring and seems 
to be a manifestation of the maternal in- 
stinct. Confinement of the birds and pro- 
vision of nests will discourage the habit. 
The nests should be provided with clean 
shavings or straw and placed in a secluded 
spot where they will not receive too much 
light and should be kept free of mites and 
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tality from the heat are constant problems, 
the installation of loggers and sprinklers 
may be necessary. 

Physical ln(uiy 

Mechanical feeder trauma. In diicks an 
unusual injury of the toes is caused by me- 
chanical feeder trauma. This has been ob- 
served in flocks svhcrc there is no wire 
guard over the metal thrust rod that pushes 
against the chain link in the feed trough. 
The motor operating the movement of 
the chain runs intermittently and the 
chicks develop a conditioned response to 
the sound of the motor as they know fresh 
feed will enter the beginning of tlic trough 
tvhen the motor starts. As a consequence, 
the diicks crowd around the beginning of 
the feeder and some of them have their 
toes crushed between the thrust bar and 
chain link. There is little or no bleeding 
associated with the injury and scab forma- 
tion is followed by gangrene, necrosis, and 
sloughing of the toe (Fig. 39.3). 

Emphysema. Subcutaneous emphysema 
is caused by an injury or defect in the res- 
piratory tract that permits the accumula- 
tion of air beneath the skin (Fig. 39.4). 
This condition has been observed follow- 
ing rough handling and caponizing. After 
the caponizing operation the skin incision 



FIG. 39.3 — Necrosis and gangrene of the toe* 
in a chick os the result of crushing in a mechani- 
cal feeder. (Courtesy P. P. tevine. Dept. Avion 
Dis., Cornell Univ.) 



fiG. 39.4 — Subcutaneous emphysema. Note 
ballooning of the skin over the crop, neck, and 
heod region. 


may heal before the opening in the body 
wall with a subsequent accumulation of 
air beneath the skin. This condition, com- 
monly called a '’windpuff* can be alle- 
viated by puncturing the skin with a sharp 
instrument. In aquatic or flying birds 
some of the pneumatic bones as the 
humerus, coracoid, and sternum, may 
fracture, allowing air to accumulate be- 
neath the skin. 

Slemal lesions. Keel bursitis occurs most 
commonly in heavy, rapidly growing birds. 
Pressure of the keel on the roost causes 
irritation and inflammation followed by 
callus formation or infection of the bursa. 
The accumulation of cheesy exudate 
caused by the infection produces a blemish 
resulting in down-grading of the carcass. 
Van Ness (1946) reported the isolation of 
Staphylococcus citreus from the livers, 
joints, and sternal bursae of birds with 
keel bursitis. In this case the birds were 
injuring the skin on sharp pieces of wire 
protruding from the floor of the porch. 
Infection developed at the site of injuiy 
and metastasized to various parts of the 
body. Losses ceased after the sharp ends 
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of wire were covered. Curvature or de- 
formity of the sternum is also associaled 
wi* certain strains and breeds. NutriUon 
and management may play a role in the 
development of this condition (Fig 39 

(1952) reported finding ascites, nephritis 
and mortality ,n chicks resulting troin 
ph)sical injury during sexing. Affected 
chicks were inactive, the skin on the medial 
aspect of the shanks was wrinkled, and 
the beaks were bluish in color. These 
chicks died within 24 to 48 hours. The 
abdomen was distended with a cloudy but 
odorless fluid. Marked nephritis was pres- 
ent. Practically all of the chicks had ran- 
tured yolk sacs. In addition there was an 
ecchymotic, hemorrhagic area in the inner 
musculature of the pelvis adjacent to ihc 
cloaca. It was found that the output of 
one Japanese sexer suffered a 15 per cent 
mortality. Losses did not occur in chicks 
sexed by other workers or in unsexed 
chicks. 

Rupture of the gastrocnemius tendon. 
An unusual lameness of chickens described 


as rupture of the gastrocnemius tendon 
was first reported in the United States by 
BuHis and Van Roekel (1914). Subsequent 
Scotland by Harris 
(lyiv). in Canada by Chute (1950a and b). 

nolow’' and Carnaghan 

(105$) ,n England. 

The condition is characterized by an 
acute lameness of one or both legs. If both 
legs are affected the bird will rest on its 
liocks with the toes flexed (Fig. 39.6). At 
Uie onset of the condition, affected birds 
are in good condition, alert, and may even 
^ m pr^uciion. Harris (1947) indicated 
at birds three to nine months of age 
and Van Roekel 
and Chute (1950a and b) observed 
mat the disease occurred most frequently 
m birds 4 to 7 months of age which were 
just starting to lay. The same investigators 
notM that the fall-hatched chicks had a 
ftigher incidence than chicks hatched in 
me spring. 

Bulbs and Van Roekel (1944) observed 
• females whereas Har- 

ris (1947) and Chute (1950a 'and b) re- 
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FIG. 39.6 — Ruptured tendon*. White 
Rock unable to ttand because of 
bilaterol ruptured gartrocnemius 
tendon*. 


ported that males, capons, and pullets were 
affected. It was noted by Carnaghan 
(1958) that females were affected at an ear- 
lier age than males and this tended to co- 
incide with sexual maturity. Ruptured 
tendons have been reported in light breeds, 
heavy breeds, and crosses among heavy 
breeds. 

Harris (1947) reported a flock incidence 
of 3.8 per cent but Bullis and Van Roekel 
(1944) reported an incidence of 10 per 
cent and Chute (1950a and b) reported 15 
per cent affected in one flock. In one ex- 
periment where the offspring were derived 
from previously affected parents, Carn- 
aghan (1958) observed 20 per cent of the 
flock became affected. 

Externally the lesion is manifested by a 
bluish green discoloration of the skin above 
the hock. It is often possible to palpate a 
break in the gastrocnemius tendon in the 
live bird. Fibrosis and thickening occurs 


around the tendon in old lesions and in- 
durated areas can be palpated through 
the skin. The gastrocnemius tendon may 
have a complete transverse break (Fig. 39.7) 
or the tendon may have a grey water- 
soaked appearance. Hemorrhage into the 
affected area may be slight or extensive. 

On histological examination, Harris 
(1947) noted round cell infiltration in the 
grossly thickened tendons but none where 
complete rupture without fibrosis had oc- 
curred. Chute (1950a and b) found that 
muscle fibers were degenerated and some 
bad disappeared adjacent to its tendinous 
atuchment. There was hyaline degenera- 
tion of the tendon. Adjacent to this area 
was a network of collagen which sur- 
rounded lacunae containing individual, 
variously shaped darkly blue staining cells. 
Proliferating fibroblasts were present 
which constituted the thickening about the 
tendon. Upon examination of blood from 




FIG. 39.7 ■- Ropturtd tendon. Skirt reflected 
ond hemorrhagic end* of i 

affected birds, Chute (1950a and b) did 
not find any abnormalities in the hemo- 
globin content, red cell count, white cell 
count, and differential count. 

The exact cause of ruptured tendon is 
unknown. Bullis and Van Roekel (1944) 
observed the condition in the spring in 
birds hatched out o£ season. He suggested 
that the tendons may lack strength and are 
predisposed to rupture under the strain ot 
jumping from roosts, nests, or feeders. 
Chute (1950a and b) failed to find any bac- 
terial agent using aerobic and anaerobic 
techniques. He discussed three theories as 
to the possible etiology-nutrition and man- 
agement, genetics, and predation, but drew 
no conclusions. The results of Camaghan’s 
experiment (1958) suggest that a suscepti- 
bility to the condition may be inherited. 
Jordan (1955) was of the belief that genetic 
factors were concerned in the etiology, al- 
though he believed that out-o(-season 
hatching, environmental conditions, and 
early maturity were contributing factors. 

Cranial injury. Injury to the skull and 
brain is most commonly seen in quail, 
pheasants, and pet birds such as canaries 
and parakeets. Quail and pheasant take 
off from the ground with great thrust and 


from tht hock {oint rsveoling the ruptured 
he goilrocnemiui tendon 

svill fly directly into objects under the 
stress of fear. The force of the impact will 
cause hemorrhage in the cancellous bone 
of the skull, and intracranial hemorrhage. 
Sudden death in a quail or pheasant in 
excellent physical condition with no evi- 
dence of internal lesions or infectious dis- 
ease should prompt one to examine the 
skull for injury. Pet birds that escape 
from Uteir cages or are released for exer- 
cise in the house will frequently fly against 
windows or walls and sustain cerebral in- 
jury. The bird does not die immediately 
but generally succumbs within a period of 
hours following the accident. The bird 
may act sleepy or manifest nervous symp- 
toms prior to death. A history of acute 
death in a well-nourished pet bird with no 
obvious sign of disease should lead one to 
investigate the possibility of cranial injury. 

Smothering. This condition is generally 
caused by birds crowding or piling up in a 
comer. It may occur when birds are moved 
to new quarters, when they are frightened, 
or in young birds when they are chilled. 
The history of the case generally indicates 
that mortality occurs only at night and 
the flock in general looks healthy. Smoth- 
ering of baby chicks can occur in chick 
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boxes that are piled too high without an 
air space between each box, or in boxes 
that do not have sufficient ventilation holes 
and in boxes that are placed in a closed 
compartment such as the trunk o£ a car. 
Postmortem examination of chicks that 
have smothered usually does not reveal 
enough gross pathology to make a positive 
diagnosis but will aid in the elimination 
of other possible causes of death. In broil- 
ers and older birds that have smothered 
there is congestion of the trachea and 
lungs, and the feathers will be worn off the 
birds where they have been trampled. 
Smothering of chicks in the brooder house 
can be controlled by putting a circle of 
corrugated cardboard around the hover 
for the first week and gradually widening 
its diameter as the chicks get older. This 
will prevent the chicks from piling up in a 
corner during the night. When birds are 
moved to new quarters the use of a dim 
light or lantern the first few nights will 
decrease the possibility of smothering. 
Birds transferred to new quarters should 
be checked late in the evening for signs of 
piling. Care is important the first few days 
after acquiring a batch of new chicks or 
grown birds. 

Dehydration. Dehydration can occur in 
birds of any age. It is generally caused 
by failure of the birds to find the water, 
inability to reach the water, and in some 
cases by a deterring factor in the water. 
Baby chicks can survive several days with- 
out water but will start to die by the fourth 
and fifth day if they have not taken any 
water. The mortality will reach its peak 
during the fifth and sixth days and termi- 
nate abruptly thereafter. The chicks that 
are not drinking will have succumbed by 
this period and the survivors are those that 
have found the water and are drinking. 
Dehydration can be detected in a chick as 
it is unable to “peep” during the later 
stages. The chick lacks sufficient weight for 
its size and age, and the skin on the medial 
aspect of the shanks is dehydrated and 
folded. Other changes in a dehydrated 
chick are a blue discoloration of the beak, 
the drying and darkening of tlie breast 


musculature, darkening of the kidneys, an 
accumulation of urates in the ureters, and 
darkening of the blood. Symptoms and 
lesions in older birds are similar to those in 
chicks and the loss in weight is much more 
noticeable. To prevent dehydration in 
chicks the water fountains should be placed 
at the edge of the hover directly upon the 
litter without any platform. When a 
change is made from a small drinker to a 
larger type or to automatic drinkers, the 
old type of drinker should be kept for a few 
days and moved towards the new source of 
water supply to gradually accustom the 
birds to the change. When birds are moved 
from range shelters to laying houses, drink- 
ing pans should be placed on the floor for 
(he first few days until the birds become ad- 
justed to their new environment. On 
occasion an electrical charge may be pres- 
ent in the water caused by faulty electrical 
heating devices used to prevent water from 
freezing. The drinkers will be full of water 
and the owner will be unaware that de- 
hydration is occurring if the system is auto- 
matic. Even if the problem of dehydration 
is made kno^vn to the owner he may be un- 
aware of the reason why the birds are not 
drinking unless he puls his hand in the 
water. On one occasion a short circuit was 
occurring in the laying house and the same 
water pipes also supplied the drinkers on 
range. The owner put temporary drink- 
ers in the laying house because the birds 
had become conditioned to the electric 
shock and refused to drink from the old 
drinkers. However, he was unaware that 
the same situation had occurred on the 
range and only after more mortality had 
occurred and the situation re-evaluated at 
the laboratory did he come to the realiza- 
tion that the birds on range had also been 
conditioned by the electric shock and 
would not drink from the usual pans. 
Laying birds need a constant water supply 
or production svill drop. Frozen pipe- 
lines or frozen water pans are followed by 
dips in the production charts. Cold 
weather followed by a drop in production 
should lead to an investigation of the pos- 
sibility of a frozen water supply. 
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Chemical Injury 

Brooder stove fuel 1]ums. BuIHs and 
Van Roekel (1944) reported exfoliadon of 
the cranial skin in chicks caused by contact 
with kerosene or fuel oil. This problem oc- 
curred where kerosene or fuel oil brooder 
stoves had a small leak in the fueJ fine 
which dampened the bottom of the pipe. 
The chicks became exposed by brushing 
their heads against the pipe. When the 
cause was explained to the flock owner he 
usually expressed disbelief until he ran his 
hand along the bottom edge of the pipe. 
The kerosene causes irritation and necrosis. 
An eschar is formed which eventually drops 
off leaving the surface smooth and devoid 
of down. The shrinkage of the skin on top 
of the head produces tension on the eye- 
lids causing distortion and angulation (Fig. 
59.8). This combination of bald head and 
angular eyelids has led to a description of 
the condition as "china boy" disease. The 
chicks rapidly recover once the source of 
irritation is removed. 

Dickinson and Clark (1946) reported 
brooder stove residue burns in turkey 
poults. The poults came into contact with 
the tariike residue that leaked from the 
pipes of brooder stoves burning gas bri- 
quettes. There was severe coagulation ne- 
crosis of the skin over the skull and on the 


back of the neck. It was discovered that 
exposure to sunlight was necessary for ir- 
ritation and subsequent lesions to occur. 
Birds exposed to sunlight would rub the 
base of the skull and neck over the wings 
and back. Some birds would shake their 
heads so violently as to fall over. The in- 
tense irritation would cause the birds to 
scratch almost continually and scratches 
or lacerations would be produced on the 
head and eyelids. Birds svith severe irri- 
tation would quickly get relief when re- 
moved from the sunlight. Xn one experi- 
ment, four 6-week-old poults were rubbed 
with residue on the head and neck. The 
birds were exposed to sunlight for 2 hours 
on 4 succ«$ive days. Tliree of the birds 
died on the founh day. Four other poults 
treated with the same material but not ex- 
posed to sunlight developed a mild derma- 
titis but showed no visible signs of dis- 
comfort. The condition was readily cor- 
rected by confining affected birds for 10- 
14 days until the lesions healed. 

Keratoconjunctivitis caused by ammonia 
burns. The first description of keratocon- 
junctivitis in poultry was given by Barber 
(1947) svho observed this condition when 
birds were reared under unsanitary condi- 
tions. Bullis et at. (1950) thoroughly inves- 
tigated the circumstances under which this 
condition appeared and drew the conclu- 



FIG. 39.8 - Angular eyelids ond Iqm of down on fop of fhe head in ihe thSt 
on the left caused by kerosene born. Normal chick on right. 
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FIG. 39.9 — Photophobia in a chicken with ker> 
otoconjunetivitia caused by ommonio burn. 


sion that it was caused by exposure to am- 
monia fumes. Experimental reproduction 
of the syndrome was carried out by Fad- 
doul and Ringrose (1950). ^Vright and 
Frank (1957) recorded the condition in 
Canada and more recently Saunders (195S) 
in England described a field outbreak in 
broilers, 

The condition is usually seen in young 
birds during the winter and spring months. 
The first symptoms manifested are a rub- 
bing of the head and eyes against the 
wing. The bird remains quietly in one 


spot with the eyelids dosed as there is a 
marked photophobia (Fig. 39.9). Upon 
close examination of the conjunctiva, 
edema and inflammation are evident and 
the surface of the cornea may be rough- 
ened or opaque (Fig. 39.10). The center of 
the cornea may have a shallow ulceration 
with irregular edges while the remaining 
area of the cornea is normal in appearance. 
Generally the condition is bilateral but 
may be unilateral. In chronic cases, the 
outline of the eyelids is irregular. Affected 
birds soon become emaciated because they 
do not eat. 

The condition is apparently caused by 
continued exposure to ammonia fumes 
generated by decomposition processes oc- 
curring in the droppings (Bullis et al., 
1950; Wright and Frank, 1957; Saunders, 
1958). 

The experimental exposure of birds to 
ammonia fumes by Faddoul and Ringrose 
(1950), Wright and Frank (1957), and 
Saunders (1958) resulted in the production 
of lesions similar to those occurring in 
field cases. Prevention of this condition is 
based on sound management practices 
with particular attention to ventilation, 
clean litter, and adequate floor space. Af- 
fected birds may take a month or longer 
to recover even though removed to well- 



FIG 39.10 — Corneal opacity eoused by 
ammonia burn. 
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ventilated quarters. Under commercial 
conditions disposal of severely affected 
birds is indicated. 

CONDITIONS AFFECTING THE 
DIGESTIVE STSTEM 

Stomatitis. Mathey (1956) reported the 
occurrence of diphtheritic patches in the 
oral cavity of chickens caused Py Spirillum 
pulli sp. nova (Fig. 39.11). The organism 
could be demonstrated in frejh scrapings 
taken from salivary glands or diphtheritic 
lesions and examined by dark-field illumi- 
nation or in Giemsa-stained jsreparaiions. 


The organism was not grown in pure cul- 
ture but transmission was accomplished by 
experimental inoculation of tissue sus- 
pensions and by contact. 

String eating. Respiratory distress 
caused by string looped around the base 
of the tongue and passing down the esoph- 
agus has been observed in chickens and 
turkey poults. Poults arc commonly reared 
in batteries with crinoline cloth covering 
the floor. Strands of tliread protrude from 
tlic cut edges and the poults ingest these 
flben. some of which are looped around 
the longue. Continual swallowing move- 
ments draw the string tighter until it cuts 
into the tissue causing edema of the glottis. 
Although the condition could easily be al- 
leviated it is usually detected only at ne- 
cropsy. Chickens frequently pick up the 
long white strings used to stitcli together 
the tops of feed sacks. Tlie string becomes 
looped around the base of the tongue (Fig. 
39.12) and the bird will keep extending its 
head and neck in much the same manner 
as a bird with laryngotracheitis. 

Occasionally pieces of grain or pellets 
become lodged in the larynx or trachea. 
Frequently they may be retracted through 
the oral cavity with a suitable instrument. 
Foreign bodies whicli cannot be reached 
in this manner can be removed by trache- 
otomy. Procaine is suitable for local an- 
esthesia. 


PIG. 39.12— String looped 
around the bose of the 
tongue and larynx of a 
chicken. 
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Beak necrosis. Beak necrosis is practi- 
cally a condition of the past with our mod- 
em feeding practices. It is caused by a 
gradual accumulation of feed inside the 
mouth along the edge of the beak. Infec- 
tion and necrosis gradually occur followed 
by sloughing of the beak. The condition 
is more prevalent with finely ground feeds 
or those that tend to paste when eaten. 
Supplying finely ground corn or a coarser 
diet usually corrects the condition. 

Curled tongue condition. The first re- 
port of this condition was made by Hud- 
son (1939) who reported on a curled tongue 
condition in turkey poults a few days old 
(Fig. 39.13). Twenty-five per cent of a 
flock of 200 poults were affected. The out- 
vajtsuf .Sir .TAivif war iTvsv* cdwrayawis'. 

Grau (1945) first noted that chicks fed 
a diet deficient in. any one of three amino 
acids (leucine, isoleucine, and phenylal- 
anine) developed a folded condition of 
the tip of the tongue (Fig. 39.14). He could 
cure the condition in a few days follow- 
ing the addition of the deficient amino 
acid to the diet. In the same chicks the 
folded tongue condition reappeared when 
one of the amino acids was withheld from 
the diet. 

Sanger et al. (1953) described a curled 
tongue condition occurring in Broad 
Breasted Bronte and Belisville White tur- 
keys over a period of several years. In 



FIG. 39.13 — Curled tongue condition in a tur- 
key poult. 



flG. 39. la — Cvrled a vauag 

chick. 


case the birds received a commercial 
feed and in another case a home-mixed ra- 
tion was fed. The condition was first no- 
ticed at 10 days of age and by 6 weeks of 
3ge 200 in a flock of 4,000 were affected 
C6g. 39.15). In addition to its folded state 
'he tongue rested in a submandibular 
Pocket that protruded between the rami 
the mandible (Fig. 39.16). Feed ad- 
hered to the floor of the mouth in the an- 
terior portion of the intermandibular 
s^ace. Surgical removal of the curled por- 
tion of the tongue did not improve the 
''entral displacement. Histological exam- 
■hation of the tongue revealed nothing un- 
'*5ual. 

The defect in the tongue had interfered 
''■ith feed intake and affected birds were 
helow normal weight. Although the ra- 
tton was changed to commercial crumbles 
6 weeks of age, the condition was not 
Unproved in affected birds but no new 
c^ses developed. It is possible that the 
pathological change had reached an irre- 
versible state even though the causative 
f^tor or factors had been removed. 

Scott, in 1951, quoted by Bragg (1953), 
f^und a high inddence of the curled 
tongue mndition among poults used in an 
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FIG. 39.15 — Curled longue con* 
ditlon in a Beltsville White tur- 
key. tCourtesy Dr. V. L. Sanger, 
Dept, of Veterinary Pothology, 
Ohio State University.} 



experiment testing various high energy in- 
gredients from carbohydrate sources The 
leucine, isoleucine, and phenylalanine were 
calculated to be 1.3 times the known chick 
requirement and he concluded the curled 
tongue condition was not caused by an 
amino acid deficiency in this case but was 



FIG. 39.16 — Submandibular pocket caused bv 
ventral displacement of the tongue in a turkey 
with curled tongue condition. (Courtesy Dr. V 
L. Sanger, Dept, of Veterinary Pothology, Ohio 
State University ) 


probably due to a high amount of red dog 
flour in the ration which caused pasting in 
the beaks of the poults and caused the 
tongue to curl back mechanically. He fur- 
ther stated that when the level of red dog 
flour was reduced or replaced by cornmeal, 
pulverized oats, or standard middlings, no 
cases of curled tongue condition occurred. 

(1953) conducted extensive experi- 
ments in studying the curled tongue con- 
dition in poults and he made several ob- 
servations. First, that some cases of curled 
t^gue occur at hatching time. He stated, 
Tim may be explained by a fairly rare 
recessive genetic factor or a genetic differ- 
ence in the nutritional requirements of 
the br^ding hen. or the differential deple- 
Uon of nutrients in a few breeder hens in 
we flock supplying the hatching eggs.” 
5^nd. a greater incidence of the condi- 
tion occurs among poults fed fine mash 
I ai^mong those fed a coarser type ration. 

II , under normal growing conditions, 

K deformity is not caused 

- deficiency of the amino acids— leucine, 
wleucme, or phenylalanine-in the poults' 

Wright and Teraperton (1955) in Great 
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Britain reported that poults of four difiEer- 
ent breeds and one cross-breed group de- 
veloped typical symptoms of curled tongue 
when fed a home-mixed dry mash. The 
condition also occurred when commercial 
mash was fed in the dry state. From 5 to 
26 per cent of the poults became affected. 
When the rations were fed in a moistened 
condition from the time of hatching, only 
an isolated case of curled tongue was ob- 
served. A large proportion of affected 
poults recovered when a change was made 
from dry to wet mash feeding. They con- 
cluded that the primary cause of curled 
tongue condition in turkey poults is the 
feeding of a dry mash of fine physical con- 
sistency during the first few weeks of life. 

Impaction. Crop impaction occurs when 
large amounts of fibrous material are in- 
gested (Fig 39.17). This is apt to occur 
when birds are first pul on range that has 
long tough grass. If birds are allowed to 


go without feed for any length of time and 
there is straw or grass available they will 
eat this material. In some cases where 
straw is used for litter, birds will eat this 
material even though feed is available. 
The fibrous material will form a ball in 
the crop and if not too large it will begin 
to pass through the remainder of the di- 
gestive tract. It may become lodged at any 
point along the digestive tract (Fig. 39.18). 
Birds with impaction may survive for days 
but gradually they become emaciated and 
die of inanition. Early detection of crop 
impaction can be corrected by surgery. If 
the condition is allowed to remain too 
long, atony of the muscles may occur. 

Proventricular hypertrophy. A peculiar 
hypertrophy of the proventriculus in 4- 
week-old chicks fed a purified diet was re- 
ported by Newberne el al. (1956). Approx- 
imately 15 per cent of the chicks which 
originated from 3 different sources were 



FIG. 39.17 — Marked distension of the cropcoused fay impaction with strow. 




FIG. 39.18 — large fibreui moM lodged in the lower end of tKe etephogui. Note how 
ihe preuure of the mote hot ftoilened the primory bronchi, 
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affected. It was suggested that the condi- 
tion may have been dietary in origin (Fig. 
39.19). The author has also noted unusual 
enlargement of the proventriculus in chicks 
fed a commercial ration. 

Traumatic ventriculitis. Traumatic ven- 
triculitis is generally caused by a sharp ob- 
ject such as a nail, wire, or stick perforat- 
ing the wall of the gizzard. Contraction of 
the powerful gizzard muscle forces the ob- 
ject through the wall (Fig. 39.20). Birds 
with this condition become emaciated and 
death follows. Adhesions and indamma- 
tory exudate mark the site of injury (Fig. 
39.21). 

Intussusception. Intussusception rarely 
occurs in the fowl. The invagination of 
the upper portion of the intestine into the 
lower portion with subsequent circulatory 
arrest and adhesions of the involved parts 
makes the diagnosis obvious. The cause 
is not always apparent but cases have been 
observed where the birds were affected 
with ulcerative enteritis and coccidlosJs 
(Fig. 39.22). Birds may show signs of ill- 
ness for several days before death. If an 
early diagnosis were made, resection of the 
aSected intestine could be performed. 

Typhylltb. Mathey and Zander (1955) 
described a typhylitls of chickens, turkeys. 


and pheasants characterized by caseous 
granulomas (Figs. 39.23 and 39.24). A 
spirochete which they believed was Spiro- 
nema ceci-gallorum was isolated from the 
lesions (Fig. 39.25). The organism could 
not be grown in artificial media but was 
grown in embryonating eggs. The feed- 
ing of cecal tissues containing spirochetes 
to one-week-old chicks produced cecal nod- 
ules 30 days postinoculation. Spirochetes 
were demonstrated in the lesions of the 
inoculated chicks. Lesions were not pro- 
duced Avith pure cultures. 

Anomaly. Occasionally an anomaly of 
the cecum is encountered in which only 
one cecum is present with a bifurcation 
forming two cul-de-sacs at its blind end 
(Fig. 39.26). 

CONDITIONS AFFECTING THE 
SKIN AND INTEGUMENT 

Stunted chick disease. During the decade 
between 1943 and 1953 a condition in 
chicks characterized by stunting and mor- 
tality during the first weeks of life was of 
common occurrence. In subsequent years 
the number of cases has declined accord- 
ing to diagnostic laboratory reports. Typi- 
cal symptoms reported by Robertson et al. 
(1949) are rough feathering with brittle 



FIG. 39.20 — Traumotie 
ventriculitis in a pheos- 
onf. A sharp pointed 
stick has been forced 
through the gizzard mus- 
cle. 






FIG. 39.22 - Jnhjssuswp* 

tion. Nota the congestion 

caused by circulatory or* 
rest of the origin of the 
invagination. Lesions of 
ulcerative enteritis con 
bo seen in other portions 
of the intestinal wall. 


l« 80 ] 




flO. 39,23 — Turkey cecum with smalt nodules on the mucosal surface in typhylitis. 
(Courtesy Dr. W. J. Mathey, Jr., Dept, of Veterinary Microbiology, Woshingfon Stole Univ.) 



FIG. 39.24 — HIstologicol section of a nod* 
vie in o turkey cecum conlalnlns many 
spirochetes. Levodili stoln. xSOO. (Cour* 
lesy Dr. W. J. Mathey, Jr., Dept, of 
Veterinary Microbiology, Washington 
Slate Univ.) 


% 




FIG. 39,25 — Spirochetes in a smear token from 
o cecol nodule. XI350. (Courtesy Dr. W. J. 
Mathey, Jr., Dept, of Veterinory Microbiology, 
Woshington State Univ.) 
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and broken primary and secondary wing 
feathers producing a characteristic ragged 
appearance. Some chicks have encrusta- 
tions at the commissures of the mouth and 
granulations on the e)elids causing them 
to adhere. Growth is severely depressed 
(Fig. 39.27). Mortality progressively in- 
creases to a peak ranging from 25-75 per 
cent at about the fourth week. Survivors 
at 6-t3 weeks of age recover and grow nor- 
mally and at maturity show no ill effects 
from their earlier condition. Field trials 
were conducted by Robertson et al. (1949) 
in an effort to find the cause of this condi- 
tion. 


The addition of 5 per cent liver meal or 
5 per cent dried brewer’s yeast to the ra- 
tion improved weight gains but did not 
prevent the condition. Once the condition 
became established, the injection of 100 
micrograms of pantothenic acid or ribo- 
flavin had little effect although growth was 
slightly improved. It was concluded from 
their field trials that neither feed nor 
source of chicks appeared to be predispos- 
ing factors in the production of stunted 
chick disease. Angstrom (1902) believed 
that the problem may have been the result 
of several factors, primarily mismanage- 
ment, rather than a single etiological factor. 



FIG. 39.27 — Stunted chick dis- 
eose. Ragged feathering, granu- 
lotion» on the eyelids and en- 
crustations at the commissures of 
the mouth in a 19-day-old chick. 
(Courtesy Dr. P. P. Levine, Dept, 
of Avion Dis., Cornell Univ.) 
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of Ammi visnaga seeds and subsequent ex- 
posure to sunlight caused vesicular derma- 
titis in chickens and ducks in 4 to 7 da)s. 
Birds fed Ammi visnaga seeds and shielded 
from the sun did not develop dermatitis. 
The lesions and course of the disease were 
similar to that described by Hoffman 
(1939) andPerek (1939). Staphylococci and 
other bacteria were isolated from the ves- 
icles. Subcutaneous and intramuscular in- 
oculations of these organisms produced no 
visible change. Scab suspensions swabbed 
on scarified areas on the comb and wattles 
produced no cficcl. Trenchi (1962) re- 
ported on comparative experimental stud- 
ies of the lesions produced hy ergot poi- 
soning and vesicular dermatitis produced 
by photosensitization after the ingestion 
of .-Immi wisnaga seeds. He stated that 
vesicles were not produced by ergot poi- 
soning and that it took two weeks for le- 
sions to appear in ergot poisoning. 


In summary, reports have indicated that 
vesicular dermatitis may be caused by mi- 
crococci, LoUum temulenlum seeds con- 
taminated with Cladosporium herbarum, 
and photosensitization by ingestion of 
Ammi visnaga seeds and subsequent ex- 
posure to sunlight. 

Xanthomatosis. This unusual skin con- 
dition has been reported in chickens Irom 
numerous areas in the United States and 
from Belgium by Thoonen et al. (1959). 
Hudson (1953) observed three flocks of 
White Leghorns affected with swollen wat- 
tles and cutaneous swellings. Clinical cases 
.and investigational studies were reported 
by Peckham (1955), Corner et al. (1959), 
Greve and Moses (1961), and Meinecke et 
ai (1962). 

The condition has been observed pri- 
marily in ^Vhite Leghorns of varying ge- 
netic background. Lesions usually become 
evident as birds approach maturity at 6-7 
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hutopalhologic changei occurring in xan- 
ihomacosis. The microscopic lesions vary 
but all have similarilies depending upoi 
the stage of the lesion. Early lesions are in- 
filtrated with vacuolated lipoid-laden mac- 
lophages commonly called "foam cells" 
(Fig. 39.33). Lymphocytes, occurring sta- 
gly or m clumps, are characterisU'c and 
often numerous. A striking feature is the 
presence of lenticular spaces or clefts pro- 

S 'i®™ 

(Fig. 39.34). Multmucleated giant cells 
may surround the cholesterol crystals 
Frozen sections when viewed with polar 
ized light reveal birefringent, rhombic 
crystals (F:g. 39.35) and the typical "maltese 
cross” effect of cholesterol esters (Fi? 
39.36). Schultze’s histochemical test for 
cholesterol and related substances is posi- 
tive on frozen skin sections. Cholesterol 
determinations on the affected skin show 
a marked increase over normal. Blood 
cholesterol determinations are normal. 



lesions are permanent and af- 
fected birds are unfit for meat consump- 
tion. Control measures are lacking until 
inore is learned regarding the etiology of 
this condition. 

Bumblefoot. This term is used to desig- 
nate a localized infection in the foot caus- 
ing bulbous swelling of the foot pad and 
surrounding tissues. The condition may be 
unilateral or bilateral. Generally only a 
ew individuals in the flock are affected 
ut m some cases it is widespread through- 
out the flock. Infection is believed to oc- 
CM by means of an injury to the ball of 
the foot. As the infection progresses, the 
enlarges and the ball of the foot 
and the tissue between the toes become 
^catly distended (Fig. 39.37). Eventually 
the swelling will ulcerate through the 
plantar surface (Fig. 39.38). The birds be- 







FIG. 39.35 — A frozen, unstained, hislolog* 
ical section of a xanthomatous lesion os 
seen by polarized light. The birefringent 
property of the cholesterol crystals (while 
areas) is contrasted against the black back* 
ground of the tissue. XlOO- (Courtesy of 
J. H. Qreve and H. E. Moses, Dept, of Vet* 
erinory Science, Purdue Univ.) 




FIG. 39.36 - A frozen, 
unstained, histological 
section of a xanthoma 
viewed by polarized 
light. The birefringent, 
"molfese cross" effect of 
cholesterol esters is vi^ 
ibie against the black 
background. 

(Courtesy of J. H. Greve 
and H. E. Moses, Dept, of 
Veterinary Science, Pur* 
due Univ.) 
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come lame, have a diminished appetite, 
and stop laying. Staphylococci may be iso- 
lated from the lesion and where ulcera- 
tion has occurred, mixed infections will be 
encountered. If treated early, surgery and 
antibiotic therapy may alleviate the condi- 
tion. In commercial flocks, disposal of the 
affected bird is generally indicated. 

Plantar necrosis. Angstrom (1961) ob- 
served a condition in adult chickens char- 
acterized by necrosis and exfoliation of the 
skin on the plantar surface of the feet (Fig. 


FIG. 39.37 — Bumblefoot. 
Marked swelling of the foot 
pad and surrounding tissues 
in a chicken. 


39.39). The litter in the pens was wet and 
filthy and masses of fecal material were 
caked on the feet. The hardened masses 
of material on the feet did not allow for 
normal exfoliation of the epithelial cells 
and the accumulation of dead tissue and 
moisture provided a favorable site for 
growth of organisms of the necropliorus 
type. When litter conditions were im- 
proved the problem stopped. 

Abscess of the uropygial gland. The 
uropygial gland is a sebaceous gland lo- 


FIG. 39.33 — Bumblefoot tn a 
turkey with ulceration of the 
plantar surfoce. 
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FIG. 39 39 — Plantar necrosii. Necroii* ond ex* 
foliation of the ildn on the foot pod ond loot of 
a chl<ken. 

caccd on the back o£ the bird at the base of 
the tail. Infection of the gland or obstruc- 
tion of the excretory duct may cause an ac* 
cumulation of cheesy exudate. When this 
happens, the area surrounding the gland 
becomes inflamed and swollen. Incising 
Uie area, removing the exudate, and ap* 
plying an antibiotic will generally cure the 
condition. 

DISEASES OF THE CIRCULATORY SYSTEM 

Round heart disease. Matzkc (1942) in 
Germany first reported on ■•Eierhcrren'* 
(egg heart) in chickens. Fischel (1946) re- 
ported on cases of "toxic heart degenera- 
tion" tshich he had observed in New Zea- 
land as early as 1941. Luke (1947) in Aus- 
tralia described a similar disease in fowls 
under the name of "round heart disease." 
According to Adsersen (1948) the disease 
has been prevalent in Denmark since 1936 
where it is described by the term "yellow 
heart degcncraiion." Since tlicse early re- 
ports, numerous workers have recorded ob- 
serving this condition in many countries 
including the United States. 

The disease alfccu both males and fe» 
males and manifests an acute or subacute 
course. Most losses occur following exer- 
tion by the birds, and death often occurs 


in the presence of the owner at feeding 
time. The birds topple over or fall off the 
perches and kick aimlessly for a few min- 
utes. In some birds there is a short period 
of inappetance and cyanosis of the comb 
before death. Adsersen (1948) reported the 
highest incidence occurred in Brown Leg- 
horns. Wilson (1957) also noted that the 
condition occurred most frequently in 
Leghorn types but had seen Rhode Island 
Reds affected. Levine (1958) reported two 
outbreaks in White Leghorns. 

Most observers have recorded a seasonal 
incidence of the disease with the greatest 
number of cases occurring during the fall 
and winter months. Levine (1958) how- 
ever recorded the heaviest losses during 
July. Mortality is variable but may reach 
50 per cent and higher over a period of 
several months (Fist^cl, 1946). Pullets are 
most commonly affected but Wilson (1957) 
reported having seen the disease in birds 
varying in age from 8 weeks to over a 
year. 

On postmortem examination the birds 
are well fleshed with a marked congestion 
of the venous system. The pericardial sac 
may be distended with fluid or yellow g^ 
latinous transudate. The heart is enlarged 
and has a blunt apex that may have 
whorled indentation at its apex (Fig. 39.40). 
The myocardium has a parboiled or yel- 
lowish appearance with linear streaks run- 
ning parallel with the muscle fibers. 
Ascites may be accompanied by a layer of 
gelatinous transudate over the liver sur- 
face. 

On histological examination of the heart, 
Fischel (1946) reported there was a loss of 
cross striations and pyknosis and karyolysis 
of nuclei. The muscle fibers had lost their 
eosinophilic property and there was evi- 
dence of granular disintegration. Adsersen 
(1948) reported fatty infiltration of the 
myocardium. Wilson and Siller (1954) and 
Iyer el al. (1959) reported the presence of 
intranuclear inclusions in myocardial 
fibers. 

TTie etiology of round heart disease is 
unknown at the present time. All attempts 
to incriminate bacterial, viral, fungal, or 
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toxic agents have failed. Nutritional 
studies have met with failure. The role of 
genetics needs further investigation. Wilson 
(1958) and Levine (1958) have noted that 
most outbreaks occur on built-up litter, 
and when survivors of an outbreak were 
transferred to clean litter they showed a 
striking and almost immediate improve- 
ment. Wilson also demonstrated in two 
experiments that the disease can be in- 
duced in pullets by running them on litter 
previously used by affected birds. 

Hemorrhagic syndrome. In the past dec- 
ade a condition characterized by hemor- 
rhages and mortality has been seen in 
chickens with increasing frequency. The 
first report on this condition was by Baker 
and Jaquette (1953) who recorded their 
observations concerning a ‘'hemorrhagic 
syndrome” in poultry. They indicated that 
for the 3 years preceding their report an 
increasing number of birds were submit- 
ted to the diagnostic laboratory with un- 
explainable hemorrhages occurring^ in 
various tissues. Goldhaft and Wemicoff 
(1951) described a similar pathological 
syndrome and indicated that they had seen 
the disease as early as 1951. 

Ch'niVal signs. The disease has been seen 


in birds ranging in age from 3-15 weeks 
with most cases occurring between 5 and 
9 weeks of age. ^^o^taIity is variable, rang- 
ing from a low of 1 per cent to a high of 
40 per cent with an average of 5-10 per 
cent (Baker and Jaquette, 1953; Cray tt 
al., 1954; Goldhaft and Wemicoff, 1954). 

Signs manifested by affected birds are 
paleness or icteric discoloration of the tis- 
Tues about the head. Hemorrhage may be 
noted in the anterior chamber of the eye 
(Fig. 39.41). The feathers arc ruffled, the 
birds act droopy and have a tendency to 
huddle. A diarrhea has been noted in 
some cases (Gray el al., 1954; Cover el al., 
1935). Washko and Mushett (1955) indi- 
cated that the course of the disease was 
usually about 3 weeks and^ in many flocks 
the prime cause of economic losses was de- 
creased feed consumption and poor feed 
convenion with a resultant delay in mar- 
keting. 

Gross lesions. At necropsy characteristic 
findings arc hemorrhages in the muscula- 
ture and viscera. The blood may have a 
pale, watery appearance. An occasional 
bird may liave hydropericardium (Fig. 
39.42). The most constant lesion and of 
great aid in making a diagnosis, if exten- 
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FIO. 39,41 — Hemorfhas* in lh« anterior chant* 
ber of the eye in a chicken with hemorrhagic 
ditcose. 


sive hemorrhagic changa have not oc- 
curred, is a pale and fatty bone marrow 
(Fig. 39.43). This change in the appearance 
of the bone marrow U due to a decrease 
in hematopoietic elements which are re- 
placed by fatty tissue (Gray el at., 1954). 
Irregular, scattered hemorrhages may be 


present in the breast and thigh muscles 
(Figs. 39.44 and 39.45). Punctate hemor- 
rhages may be found in the mucosa of the 
proventriculus at its junction with the giz- 
zard, and hemorrhage may occur beneath 
tlie gizzard lining causing blackening and 
sloughing (Fig. 39.46). In addition, focal 
hemorrhages may be found in the wall of 
the crop, and “paint-brush” splotches may 
occur in the myocardium. The intestine 
may have punctate hemorrhages in the 
mucosal and serosal surfaces and on occa- 
sion a bloody core is present in the cecum 
(Fig. 39.47). The presence of blood in the 
cecum necessitates a differential diagnosis 
from cecal coccidiosis. A microscopic ex- 
amination of the cecal contents together 
with a careful evaluation of the history 
and other clinical findings should aid in 
arriving at a diagnosis. Gray el al. (1954) 
reported that subcutaneous hemorrhage of 
the shanks and feet frequently resulted in 
the formation ot ulcers. Hemorrhages may 
be present in the liver, spleen, and kidney. 
The liver may be yellow in color with pin- 
point hemorrhages scattered throughout 
the parenchyma or it may present a reticu- 
lated network particularly along the edges 
(Marthedal and Veiling, 1961) (Fig. 39.48). 
Occasionally a yellow gelatinous transudate 



Chapter 39: VICES AND MISCELLANEOUS CONDITIONS 


1193 




FJO. 39.43 — Hemorrhagic dis- 
ease. Pole oplostic morrow in 
tibia from a chicken with hem- 
orrhagic disease (bottom) con- 
trasted with the dork red mor- 
row in the tibia from a normal 
bird (top). 


may be noted in the subcutit o£ the neck, 
breast, and thighs (Hanley, 1962). Baker 
and Jaquette (1953) reported that the af- 
fected birds may have nephritis. Martlredal 
and Veiling (1961) noted hemorrhages and 
fungal granulomas in the lungs which they 
regarded as a manifestation of reduced 
resistance. Gray et al. (1954) noted liver 
necrosis and intestinal ulcers associated 
secondarily with the disease during the 
terminal stages. 

Hematology. Gray et al. (1954) observed 
leukopenia and anemia associated with de- 


pressed bone marrow activity. The anemia 
was the normocytic, normochromic type. 
Abnormal thrombocytes were consistently 
observed on blood smears. These cells were 
enlarged, more circular than normal, and 
highly vacuolated. Cover et al. (1955) ob- 
served similar blood changes and noted 
that the prothrombin time was never pro- 
longed. Hanley (1962) confirmed the re- 
suits of earlier investigators and noted that 
the blood picture showed a reduction in 
red blood cells, granulocytes, and throm- 
bocyies. 
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Histology. Gray et al. icj-mnl 

Uiai the marrow of aacctcl \».m 

tletold of hematopoietic clcmcms .in<l tNat 
replaced ^»iU^ fatty ii«uc, „1 ilu* 

sinusoid* were collaps«l fl^iwplaMir Ixmc 
marrow showed conspicuous seduction of 
m)elocytic elements. In extreme rases, only 
sinusoidal cndotlielial cells, interstitial re- 
ticular cells, and fat cell* svere prevent A 
few lymphocytic foci were seen. Oner ri 
al. (1955) noted varying degrees of hemor 
rhage and necrosis in the liver. The 
parenchyma adjacent to the suilace v»a» 


most ftojucinly involved. Vessel* in the 
alletied area appearctl congested and bile 
stasis w-js evident. The lymphoid nodules 
of the spleen had indistinct borilcn and 
appearctl hypoplastic. Irtegular areas of 
hemorthage vverc seen in die red pulp, 
llyalinircil material was common in the 
adenoid sheatlis and lymphoid notlulcs. 
The Udney showed cviilcncc of coagula- 
tion nccroviv in the tubular epithelium, 
and infiltration of lymphocytes was fre- 
•)ucii(!y seen. 

f.liology. TIicjc it a lack of general 



ftO. 39.46 — Hamorrhogic dis- 
•01*. Hamorrhog* at lha lunc- 
llon of tha gizzard and pra* 
vantrlcwlus. 




FIG. 3?.47 — Poncfolo hemor- 
rhage* in the Intestine of 6- 
week-old chick with hemor- 
rhagic dlseose. (Courtesy Dr, 
P. P. Levine, Dept, of Avion 
Dis., Cornell Univ.) 


FIG. 39.48 — Hemorrhages in 
the heart and liver of a chicken 
resulting from hemorrhagic dl»- 
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agreement among the investigators as to 
the etiology o£ hemorrhagic syndrome. The 
pathological and hematological changes of 
aplastic anemia in cattle caused by feeding 
trichloroethylene-extracted soybean oil 
meal are similar to those encountered in 
chickens affected with hemorrhagic syn- 
drome, and this prompted investigation 
into the role of trichloroethylene-extracted 
soybean oil meal in the hemorrhagic syn- 
drome. Pritchard et al. (1952) and Sautter 
et al. (1952) reported that chickens were 
unaffected by eating soybean oil meal that 
was toxic for cattle. Eveleth and Goldsby 
(1953) reported mortality, retarded growth, 
pliable bones, and lowered resistance to 
disease in chicks fed experimentally with 
a ration containing trichloroethylene-ex- 
tracted soybean oil meal. Gray et at. (1954) 
indicated the hematology of birds fed tri- 
chloroethylene-extracted soybean oil meal 
did not indicate the marked depression in 
numbers of blood cells found in birds 
severely affected with the hemorrhagic syn- 
drome. Baker and Jacquette (1955), Gray 
et al. (1954), and Washko and Mushett 
(1955) reported hemorrhagic syndromes oc- 
curring in flocks that had not been fed 
trichloroethylene-extracted soybean oil 

meal. 

All attempts to isolate or demonstrate 
an infectious organism from cases of hemor- 
rhagic syndrome have been unsuccessful. 
Baker and Jaquette (1953) indicated that 
culture and embryo inoculation trials were 
negative. Cover et al. (1955) failed to trans- 
mit the syndrome by parenteral inocula- 
tion of chicks with blood, liver, spleen, and 
kidney from affected chickens. Embry^ in- 
oculations with tissues from affected birds 
were negative. Washko and Mushett (1955) 
reported that cultural examination of 
blood and tissues failed to yield an etiolog- 
ical agent. Hanley (1962) reported that 
aerobic and anaerobic culture attempu and 
bird inoculation trials were negative. 

The significance of vitamin K in the 
role of hemorrhagic syndrome is not fully 
understood. Baker et al. (1953) repoxted 
that the addition of alfalfa leaf meal to 


the ration was of no benefit. Gray et al. 
(1954) stated that they could not relate 
some of their findings to vitamin K defi- 
ciency. Cover et al. (1955) made a detailed 
comparison of hemorrhagic syndrome and 
experimentally produced vitamin K defi- 
ciency. They noted that birds affected with 
hemorrhagic syndrome did not have the 
increased prothrombin time and massive 
hemorrhages found with vitamin K defi- 
ciency. They concluded that a comparison 
of the two syndromes showed them to be 
definitely distinct and dissimilar. Washko 
and Mushett (1955) found that pro- 
thrombin times and whole blood clotting 
times were within normal limits in most 
cases. Hence they did not consider it likely 
that vitamin K deficiency per se could be 
responsible for the hemorrhagic syndrome. 

The role of toxic fungi in the hemor- 
rhagic syndrome has been investigated by 
Forgacs and Carll (1955) and Forgacs et 
al. (1955, 1958, 1962). They stated that 
one of the paramount features of the 
hemorrhagic syndrome is the variability, 
boU) within and between affected flocks, in 
epizootiology, clinical symptoms, he- 
matologic findings, course of mortality, and 
pathologic changes. They noted that these 
variations are strikingly similar to those 
observed among other hosts afflicted with 
known mycotoxicoses. Forgacs and Caill 
(1955) isolated various fungi from feed 
scattered in the litter of broiler houses 
where the hemorrhagic syndrome was 
enzootic. Some of these fungi, when cul- 
tured on a mixture of grains and subse- 
quently dried, ground, and fed to one-day- 
old chicks, caused morbidity and mortality. 
At necropsy, hemorrhages were found in 
the subcutaneous tissue, skeletal muscles, 
heart, gastrointestinal tract, liver, and 
kidneys. Forgacs et al. (1958) reported at- 
tempts to produce the hemorrhagic syn- 
drome in thickens under simulated field 
conditions. The chicks were placed on 
wood shavings and fed a broiler mash in- 
oculated with a 0.5 per cent mixture of 
diy fungal substrate. The birds main- 
tained on such litter manifested depres- 
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sion and diarrhea, and, on necropsy at the 
end of eight weeks, lesions similar to those 
of the hemorrhagic syndrome were found. 
The results of these studies indicate that 
the role of fungi in the hemorrhagic syn- 
drome needs further investigation. 

The widespread use of coccidiostats and 
the appearance of hemorrhagic syndrome 
occurred almost simultaneously. This ob- 
servation prompted investigation into the 
role of coccidiostats in the hemorrhagic 
syndrome. Baker and Jaquette (195S), 
Cover et at. (1955), and Goldhaft and 
Wemicoff (195-1) reported the occurrence 
of hemorrhagic syndrome in flocks that 
had not received sulfonamide medication. 
However, Gray et at. (1954) and Marthcdal 
and Veiling (1961) indicated that in their 
cases of hemorrhagic syndrome the flocks 
had been treated with suUaquinoxaline 
or other coccidiostats. In the author's ex- 
amination of cases of hemorrhagic syn- 
drome submitted to the diagnostic labora- 
tory for the past ten yean, most of the 
cases and particularly the severest cases 
have been associated with sulfonamide 
medication. That the condition Is not a 
simple case of sulfonamide intoxication 
per se is Indicated by the many flocks not 
showing hemorrhagic syndrome yet receiv- 
ing the same amount of medication as 
affected birds. 

Experiments have been conducted indi- 
cating that flocks can tolerate amounts of 
sulfonamides in excess of those used in 
feed as coccidiostats. Cuckler and Otl 
(1955) reported that the continuous ad- 
ministration of 0.05 per cent sulfaquinoxa- 
line in the feed or of 0.025 per cent in 
water for as long as 12 weeks had no ad- 
verse effects on chickens. Gerry and Wit- 
ter (1952) reported that histopathological 
examinations of tissues from 9-weck-old 
birds fed 0.3 per cent sulfaquinoxalinc in 
the mash for 3 weeks did not reveal My 
evidence of toxicity. However, the chidc- 
ens fed this level of medication did not 
grow as well or make as efficient weight 
gains as the unmedicated controls. Sanger 
et al. (1956) reported that in their observa- 


tions svhere certain drugs had been used, 
especially sulfonamides, the hemorrhagic 
syndrome suggested a manifestation of drug 
allergy 

All cases of hemorrhagic syndrome have 
not been ascribed as being due to a single 
cause. It may be that similar clinical and 
pathological syndromes may be produced 
by different causes acting independently or 


simultaneously. 

Control. In the light of our present 
knowledge, only certain precautionary 
measures can be suggested with no assur- 
ance Uiat hemorrhagic syndrome will be 
prevented or cured. The use of coccidio- 
stats, particularly sulfonamides, should be 
attended with caution in respect to dosage 
and duration of treatment. If there is gross 
evidence that mold is present in the feed 
hoppers or litter, corrective measures 
should be taken to eliminate this possible 
source of trouble. Although supplementary 
feeding of vitamin K in the form of alfalfa 
leaf meal or menadione bisulfate has been 
used in cases of heraonhagic disease, there 
is no controlled evidence that this treat- 
ment has been successful. 

Endocarditis. Vegetative endocarditis is 
rarely reported in the records of diagnostic 
laboratories. It probably would be found 
more frequently if the hearts of all birds 
necropsied were carefully opened. Kem- 
kamp (1927) mentioned vegetative endo- 
carditis as being associated with streptococ- 
cic peritonitis of chickens. Dauber and 
Katz (1943) reported vegetative endo- 
carditis on the aortic and mitral valves 
associated with extensive pericarditis. The 
etiology of the pericarditis was undeter- 
mined and cultural attempts were not 
made. Most of the hearts affected wuh 
vegetative endocarditis were enlarged. On 
histological examination the vegetations 
were found to contain masses of bacteria 
and fibrin. _ . ... 

Povar and Brownstein (1947) described a 
large number of cases of valvular endo- 
carditis observed during routine post- 
mortem examination of birds dying rom 
miscellaneous conditions on a large breed- 
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ing farm. Approximately 15 per cent of 
551 females over 40 weeks of age had some 
degree of valvular endocarditis. Only 3 
per cent of the birds between 10 weeks and 
40 weeks of age were affected. It was noted 
that birds affected with chronic infections 
had a significantly greater incidence of 
valvular endocarditis than did birds dying 
of all other causes. Birds with salpingitis 
had the highest percentage of valvular en- 
docarditis. Birds with hepatitis had the 
second highest percentage of heart lesions, 
and birds with lesions of bumblefoot 
ranked third in percentage of lesions. 

They described the lesions as variable in 
size from small, punctiforra, edematous 
nodules to yellowish, friable masses three- 
fourths of a centimeter in diameter. The 
smaller lesions lined the edge of the valves 
in a glistening row. The larger lesions 
were caseous and extremely friable. The 
semilunar valves of the pulmonary artery 
were most often affected followed by the 
right atrioventricular valves and the semi- 
lunar valves of the aorta in frequency. The 
left atrioventricular valves were affected 
with the lowest frequency but had the 
largest lesions. Cultures from the heart 
valve lesions yielded staphylococci and 
streptoccocci. 

Gross and Domermuth (1962) reported 
the experimental production of endocar- 
ditis in chickens and turkeys by the inua- 
venous inoculation of cultures of Slrep- 
tococcus faecalis, Staphylococcus aureus, 
and Pasteurella multocida isolated from’ 
the livers of naturally infected birds. Bac- 
teremia was followed by valvular lesions 
and later infarcts were produced in the 
liver, spleen, and myocardium. The peak 
of mortality in birds with endocarditis oc- 
curred between the fifth and sixteenth day 
post inoculation. 

DISEASES AFFECTING THE KIDNEYS 

Cysts and agenesia. The kidneys occa- 
sionally have small cysts 5 mm. in diameter 
containing a clear amber-colored fluid dis- 
tributed throughout the parenchyma 
Rarely, a single large cyst may involve the 
kidney. It is not unusual to find agenesia 


of one kidney in a healthy bird. The one 
remaining kidney apparently compensates 
for the added load and the bird is not un- 
duly handicapped. The kidneys are fre- 
quently the site of tumors and inflam- 
matory conditions associated with specific 
diseases. These conditions are discussed in 
their appropriate chapters in the text. 

Avian nephrosis. Cosgrove (1962) re- 
ported his observations on a new syndrome 
in broilers occurring in the Delmarva 
Peninsula area. The condition has been 
termed "Gumboro disease” because of the 
prevalence of the disease in broilers in the 
vicinity of the town of Gumboro. The dis- 
ease was first observed in 1957 and an in- 
creasing number of cases have been seen 
since that time. 

Clinical signs. In a typical outbreak 
10-20 per cent of the flock may be sud- 
denly affected. An early sign is a watery, 
white diarrhea with soiling of the feathers 
in the vent region. This is followed by 
anorexia, depression, trembling, unsteady 
gait, prostration, and death. The mortality 
may range from 1 to 10 per cent. In the 
terminal stages, trembling of the neck and 
body is pronounced. The shanks show evi- 
dence of dehydration. Birds 2-15 weeks of 
age may be affected with most cases oc- 
curring at 5 weeks of age. 

In a given group of birds the disease 
runs its course in 5-7 days. The disease 
spreads slowly from one pen to another. 
In some outbreaks the disease may affect 
only one pen. Outbreaks tend to reoccur 
on the same farm. The mortality ranges 
from 1 to 15 per cent with an average of 5 
per cent. 

Lesions. The most prominent and con- 
stant lesion is renal damage. In birds ne- 
cropsied early in the course of the disease 
the kidneys may be nearly normal in color 
with only slightly visible tubules. In ad- 
vanced stages of the disease the tubules 
and ureters are distended with urates and 
the kidneys are pale and enlarged. The 
degeneration and dysfunction of the kid- 
neys is manifested by urate deposits on the 
serosal surfaces of the viscera in some birds. 

A catarrhal enteritis is present. There is 
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cniatgcmcnl of ihc bursa of Kabrkius 
vthidi may have a while central care. 'Flic 
liver may have inlarcu along the edga. 
Hemorrhages may Ire present in the leg 
and thigh muscles. 11)C shclccil muscles 
shot/ evidence of deh)dration. Histopaih> 
ologiul changes of the kidneys are cloudy 
swelling of the tubules. W'intcrficld and 
Ilitchncr (I962) indicaicil Uut boih nc- 
plirosis and nephritis have been observed 
on microscopic examination. Illnoil studies 
indicate a low scrum calcium and increased 
uric acid. 

Etiology. Winicrficld and Ilitchncr 
(1962) reported the isolation of two viruses 
which induced nephritis and ncplirosls in 
chickens when iiioculatcil in the eye. One 
virus ssas isolated in 1931 from the intesti* 
nal tract of a chicken with citarrhal en- 
teritis. Ollier birds in tlie (lock from which 
the original virus was isolated had intra- 
muscular hemorrhages suggestive of hemor- 
rhagic disease. The second virus was iso- 
lated from the kidneys of a D-wcck-old bird 
which came from a flock with signs of 
nephrosis. This flock was vaccinated svith 
infectious brontliiils vaccine at 1 week of 
age. \Vhcn chicks were inoculated with 
either of the two virus isolates, mild res- 
piratory symptoms were produced, mor- 
tality was low, and some birds had gross 
kidney lesions. By using serologic and 
crossimmuniration studies, these isolates 


were dctcrniincd to be related immunologi- 
cally to known infectious bronchitis strains. 

Gout. Although not of common occur- 
rence gout has been observed in both 
young and mature turkeys and chickens 
(Jungherr, Schlotlliauer and Boll- 

man. I9if3). The prcdisjxjsing factors are 
not always known but some cases have 
been associated with conditions that im- 
pose a stress on the kidneys such as a high 
protein diet, sodium bicarbonate intoxica- 
tion, vitamin dtftcicncy, and bluecomb 
disc.isc. The articul.ir or visceral fonn may 
tKCur singly or in combination. Schlott- 
IiaucT and Bollinan (1031b) produced ar- 
ticular gout in turkeys by increasing the 
protein level of the feed to per cent 
with the addition of horse meat and 5 per 
cent urea. Oout tophi appeared on the 
feet of those birds in which the blood 
values for uric acid were 15 mg- per cent 
for at least two weeks. In articular gout, 
urate deposits may ocair on the articular 
surfaces and in llie periarticular tissues 
(Fig. 39.19). Bullis and Van Rockel (1944) 
observed visceral gout in chicks less than 
5-1 days of age. The losses were usually 
less than 5 per cent and the cause was un- 
known. In die visceral form, the kidney 
tubules arc distended with urates and white 
deposits of uric acid crysUls may be found 
on the surface of the viscera (Figs. 39.50 
and 39.51). Lloyd et al. (1949) reported ox- 



I 49 _ Gout in a 
hen. Urale depos- 
oes, feet, ioinis, 
don iheoths. 
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FIG. 39.50 — Vi$c«rol gout. 
Urote deposits in the kid- 
neys of a chicken. 



perimental production o£ articular gout 
involving the feet of young poults fed a 
38 per cent protein ration (Fig. 39.52). The 
birds gradually recovered after the protein 
level was reduced to 20 per cent. The con- 
dition did not occur in groups fed a lower 
level of protein. 

Snoeyenbos el al. (1962) reported nat- 
urally occurring gout in a flock of 400 
eleven-month-old Broad Breasted White 
turkeys. About 20 per cent of the group 
were affected including both males and 
females. The flock was provided with ade- 
quate feed and water. The birds had been 


eating a 20 per cent protein feed for 6 
weeks. At necropsy, numerous tophi were 
observed in the periarticular tissues of the 
feet and uric acid crystals were present in 
the tendon sheaths and joints of the wings, 
hocks, and feet. Urate crystals and erosions 
were present on some of the articular sur- 
faces. Serum uric acid levels were above 
15 mg. per cent. Colchicine was fed to 
affected birds at a level of 0.4 mg. per 
pound of body weight per day for a week 
but this treatment failed to lower serum 
uric acid levels or alter the course of the 
disease. This dose ^vas about 8 times the 
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maximum dose necessary to control the 
disease in man. The flock was placed on 
a 15 per cent protein ration for U days 
and then returned to the original ration. 
One month after the first signs were noted, 
the flock appeared to have recovered ex- 
cept for 6 severely affected birds. Egg pro- 
duction and hatchability were normal. 

REPRODUCTIVE DISORDERS 
Cystic right oviduct. In the developing 
female chick two ovaries and two oviducts 
are present. As the bird matures the left 
ovary and oviduct become functional and 
the right ovary and oviduct remain imma- 
ture. However, there have been reports of 
finding two functional oviducts in fowl. 


Of common occurrence is a cystic right 
oviduct. This structure may vary in size 
from a small one-inch elongated cyst (Fig. 
39.53) to a ballooned sac containing a pint 
of dear watery fluid. The small cysts are 
of little consequence but large cysts com- 
press the vital organs. Ascites, the accu- 
mulation of fluid in the abdominal cavity, 
is colloquially termed “water-belly" by 
pouhrymen. In addition to a cystic ovi- 
duct, ascites may be produced by patho- 
logical conditions involving the heart, kid- 
neys, liver, and mesentery. 

Cystic left oviduct. Goldhaft (1956) re- 
ported the occurrence of massive cysts in 
the left oviduct and the dorsal ligament of 
the oviduct in a flock of White Leghorn 
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pullets. Where cysts occurred in the ovi- 
duct the anterior and posterior portions 
of the oviduct were normal but the mid- 
dle of the oviduct was a blind sac distended 
with over a pint of clear fluid in some 
cases. It was estimated that 5 per cent of 
a flock of 2>S00 seven-raonth-old birds were 
affected with these cysts during the pre- 
vious 30-day period. The cause of the 
high percentage of cysts in this flock was 
not determined. Hutt el al. (1956) also 
observed discontinuous cysts in the oviduct 
similar to those described by Goldhaft 
(1956). They postulated that discontinuity 
of the oviduct probably resulted from ac- 
cidental degeneration of part or parts of 
the Mullerian duct during the develop- 
ment of the embryo. They also described 
another defect in which the anterior end 
of the oviduct was closed by cohesion of 
the lips of the infundibulum causing a 
cystic oviduct. 

Atresia of the oviduct. Finne and Vike 
(1951) described hereditary atresia of the 
oviduct in the region of the isthmus. The 
layers looked normal but the yolks were 
discharged into the body cavity. Peritonitis 
developed and the birds usually died at 5 
to 6 months of age shortly after coming 
into production. 

Fabe layer. The term “false layer” has 
been used to describe the bird which looks 
like a normal layer but in reality does not 
lay eggs. Hutt el al. (1956) described the 
OTOlating nonlayer hen as a bird that has 
the external characteristics of a layer visits 
the nest regularly, yet does not lay eggs 
as verified by trap nest records. This Wrd 
has a normal appearing ovary and oviduct 
but the infundibulum fails to engulf the 
ovum after it has been ovulated These 
birds are excessively fat and have liquid or 
coagulated yolk in the body cavity. 

Low production as a sequel to infectious 
bronchitb. Broadfoot et al. (1954) 
ported that natural infection of chicks 
^vith infectious bronchitis during the first 
week of age may interfere with later egg 
production. Flocks 7 months of age th« 
had bronchitis as chicks were laying only 
50 per cent whereas birds of the same breed- 


ing that did not have bronchitis as chicks 
were laying at a normal rate. The birds 
in the poor laying flock looked healthy and 
had the appearance of good layers. Trap- 
nesting records of the flock for 14 days 
showed that 43 per cent of the birds visited 
the nests on three to five successive days 
witliout laying. Some of these birds visited 
the nest as many as three times in a single 
day. Postmortem examination of 26 of 
these birds revealed that the viscera was 
surrounded by a heavy layer of mottled 
oily fat. Cheesy yolks with roughened and 
pitted surfaces were found in the body 
cavity. The oviducts were not full size 
and many were less than 20 per cent nor- 
mal size. The striking fact about these 
birds was that the ovaries were found to 
be fully active, In a subsequent report. 
Broadfoot el al. (1956) experimentally in- 
fected chicks of different ages with virulent 
bronchitis virus and vaccine strains of 
bronchitis. The results of these experiments 
confirmed their field observations that ex- 
posure to virulent bronchitis virus during 
the first week of age produced an increas- 
ing number of false layers at maturity, and 
chicks exposed to a mild vaccine strain of 
bronchitis virus did not experience an ad- 
verse effect on egg production at maturity. 

Impacted oviduct. Occasionally an im- 
pacted oviduct is observed in which the 
oviduct is occluded by masses of yolk, coag- 
ulated albumen, shell membranes, and, in 
some instances, fully formed eggs. Large 
masses of yolklike material may be found 
in the oviduct and upon transection these 
masses have the appearance of concentric 
rings. 

lutemal layer. In some birds soft-shelled 
eggs or fully formed eggs may be found 
m the peritoneal cavity. This indicates 
that the yolk progressed normally through 
the oviduct to a certain point and then 
reverse peristalsis discharged the egg into 
the body cavity. A bird with a large ac- 
cumulation of eggs in the peritoneal cavity 
tn^ assume a penguinlike posture. 

Egg bound. “Egg bound” is the term 
used to describe the condition where an 
IS lodged in the cloaca but cannot be 
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laid. Jt may result from inflammation of 
the oviduct, partial paralysis of the muscles 
of the oviduct, or the production of an 
egg so large that it is physically impossible 
for it to be laid. Young pullets laying an 
unusually large egg are more prone to an 
egg bound problem. This condition may 
be relieved by inserting a lubricated finger 
into the cloaca and exerting pressure on 
the abdomen with the other hand. If ex- 
pulsion of the is not possible in this 
way then tlie egg may be held in position 
at the vent opening and the shell can be 
broken with a sharp object and the con- 
tents and pieces of the shell removed. If 
the chicken has been egg bound for a 
considerable period of lime before the 
condition is detected there is apt to be an 
eversion of the cloacal tissues after the 
egj is removed. The blood-stained tissues 
invite cannibalism and the bird should be 
placed in separate quarien until fully re- 
covered. 

Ovarian disorders. The ovary reflects 
the general health of the mature bird, 
^lany infectious diseases and physiological 
disturbances immediately produce retro- 
gressive changes in the ovary. The nor- 
mal, yellow, turgid ovum may become 
wrinkled and the contents almost black 
with hemorrhage. At other limes the yolk 
IS coagulated or “cooked” in appearance. 
Discolored, pedunculated, and inspissated 
ova are the hallmark of pullorum disease. 
Cauliflowerlike growths from the ovary are 
indicative of lymphomatosis. Multiple cys- 
tic ova filled with clear fluid may occur 
occasionally. 

^ Abnormal eggs and depressed produc- 
tion. Eggs differing in size and shape may 
be laid in any flock but in the average 
healthy flock there is remarkable uni- 
formity of the eggs. There are a number 
of conditions which affect shell quality, 
tnternal quality, and rate of lay. Wilson 
(1949) found that environmental tempera- 
tures had a marked effect on the strength 
and thickness of the shell. As the tempera- 
ture rises above 70® F., the blood calcium 
drops progressively; at 100° F. the shell 
averages about two-thirds the normal thick- 


ness. This would explain why the egg- 
shell is thicker and stronger in the winter 
months. Increased humidity also has an 
unfavorable effect on shell thickness but 


not as marked as increased temperature. 
Jull (1930) indicated that the production 
of soft-shelled eggs is most prevalent in 
(he spring when production is at its peak. 
Kcspiratory diseases such as infectious 
bronchitis and Newcastle disease may affect 
the size, shape, shell texture, and tnternal 
quality of eggs (Gordeuk and Bressler, 
1950; Bhwali and Morrill, 1954). 

kfann and Keilin (1940) reported sulfa- 
nilamide to be a very powerful inhibitor 
of tlic enzyme carbonic anhydrase. Since 
then several reports have appeared in the 
literature desaibing the inhibitory effects 
of certain sulfonamides on the formation 
of eggshells. Hinshaw and McNeil (1943) 
found that a single dose of sulfanilamide, 
0.5 grain per pound of live weight, caused 
turkeys to lay eggs with very thin shells or 
eggs without shells the next day. When 
they fed 1.5 grains of sulfanilamide per 
pound of live weight to leghorn hens, the 
same result was produced. This inhibitory 
action of small dosages of sulfanilamide on 
the secretion of shell material was con- 
firmed by Bencsch et al (1944), Gutowska 
and Mitchell (1945), and Tyler (1950). 
Scott €t al. (1944) observed that in addition 
to thin shells, sulfanilamide also caused a 


bleaching of the pigment in brown eggs. 
Bankowski (1948) reported a decrease in 
egg production following sulfamerazine 
and sulfamethazine medication. Mehring 
al. (1955) reported that two unsubstl- 
tuted sulfonamides. Diamox and benzene- 
sulfonamide, caused pullets to lay eggs with 
very thin shells or with no shells beginning 
with the first egg laid after the initial dose. 
Nicarbazin, a coccidiostat, may cause mot- 
tled yolks, loss of shell pigment, decreased 
ere size, and low egg production (Weiss, 
1957; Baker et al. 1957). Arasan, a fungi- 
cide used in the treatment of seed corn, 
has been reported to cause misshapen and 
soft-shelled eggs, retarded production, and 
finally complete cessation of 
(Waible et al, 1955; Johnson et al. 1955). 
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Tiematodcs and ascaiids sometimes enter 
the cloaca and pass up the oviduct where 
they are swept along with the yolk and 
albumen and become encased by the shell, 
Cloaciiis. Cloacitis, or vent gleet as it 
is commonly known, is a clirontc inflam' 
matory process of the cloaca with a very 
offensive odor. A yellow diphtheritic mem- 
brane may form on the mucosal surface of 
the vent and urates and inflammatory ex- 
udate contaminate the skin and feathers 
beneath the vent. The disease is more 
common in laying hens than in males. A 
very small percentage of birds in a flock 
are affected at one time and the disease 
docs not appear very contagious. The 
specific cause of this disease is unknown. 
Transmission experiments carried out by 
Gwatkin (1925) and Scherago (1925) were 
unsuccessful. Removal of affected birds is 
advised in commercial flocks. Valuable 
birds can be treated by cleansing the af- 
fected area and applying a broad-specttum 
antibiotic in dust or ointment form. 

Cage layer fatigue. The marked increase 
in the number of birds kept in cages dur- 
ing the past decade has given rise to a new 
problem. The condition, called cage layer 
fatigue, is characterized by inability of the 
birds to stand and marked fragility of the 
bones (Fig. 39.54). The bones are not soft 


but are exceedingly thin and break or 
splinter at the slightest pressure. In addi- 
tion to paralysis, the rearing of birds in 
cages has created a marketing problem. 
The marked fragility of the bones results 
in fractures when the birds are removed 
from the cages and more injury occurs 
when the birds are subjected to the pound- 
ing of the picking machines in the dressing 
plants. The bone splinters become lodged 
in the meat, creating processing problems. 

It has been observed that birds will re- 
cover in 4-7 days if removed from the 
cages and placed on the floor (Couch, 1955). 
Francis (1937) noted significant differences 
in the incidence of cage layer fatigue be- 
tween various strains. During a 10-week 
observation period 0.65 per cent of one 
strain was affected compared to a high of 
3.95 per cent in another strain. Eighty 
per cent of the birds recovered when re- 
moved from the cages. Couch (1957) stated 
that bone ash, blood calcium, and blood 
phosphorus values on selected early cases 
were all within the normal range which 
would differentiate the condition front 
rickets. According to Grumbles (1959) this 
condition occurs more often during the 
summer months in young pullets that arc 
producing at a high rate and have a gooil 
feed efficiency ratio. The percentage af- 



Chapter 39: VICES VtND MISCEIUNEOUS CONDiTIONS 


1205 


fected will vary from I to 20 per cent. 
Fisher, quoted by Grumbles (1959), stated 
that in his experience, cage fatigue has 
not occurred when the calcium level of the 
diet was maintained at 2.5 per cent. 

CONGENITAL AND 
INHERITED CONDITIONS 

Congenital loco. Durant (1926, 1927) 
first noted this nervous disorder in newly 
hatched White Leghorn chicks. Subse- 
quently, Knowlton (1929) conducted breed- 
ing trials and concluded that the defect 
was inherited as a simple Mendelian re- 
cessive. An apparently identical syndrome 
was reported in turkey pouUs by Cole 
(1957). After a thorough investigation of 
the genetic factors involved he concluded 
that the condition was an obligate [>ost- 
natal lethal syndrome caused by the homo* 
zygous state of the recessive gene lo. Hatch- 
ability is not affected and the poults are 
in excellent physical condition. Symptoms 
manifested are opisthotonus, or sagging of 
the head and neck until the beak touches 
the floor. The birds can stand normally for 
only a few seconds at a time and then in- 


voluntarily or in response to external 
stimuli they thrust themselves vigorously 
into a backward somersault. They lie on 
their backs or sides kicking aimlessly (Fig. 
39.55). The anatomical defect responsible 
for this syndrome is unknown. The brain 
appears normal upon gross and micro- 
scopic examination. Affected birds die 
since they are unable to eat or drink. 

Congenital alopecia. Congenital alopecia 
is occasionally encountered in newly 
hatched chicks. Certain avian hybrids de- 
velop a partial alopecia which is charac- 
teristic of the cross breeding. 

Congenital opisthotonus. Caskey et al. 
(1914) described congenital opisthotonus 
occurring in chicks at hatching due to man- 
ganese deficiency in the maternal diet. The 
symptoms persisted at maturity even 
though adequate manganese was given. 
The progeny resulting &om the mating of 
affected males and females did not mani- 
fest opisthotonus thus indicating it was 
not an inherited characteristic. 

Cerebellar hypoplasia. Avian cerebellar 
hypoplasia and degeneration according to 
WinicrfieM (1953) is probably an inherited 
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defect. The condition was first observed 
in 12-week-old pullets in 15 different flocks 
wiili 3 to 10 per cent becoming affected. 
Affected birds did not die and came into 
production at 6 months of age. Symptoms 
were weaving and bobbing of the head, 
and when the birds svere excited they be- 
came ataxic. Gross pathology was confined 
to the cerebellum svhich was about one- 
fourth normal size. Neuronal degenera- 
tion was present in the cerebellar cortex 
and there was degeneration and disappear- 
ance of the Putkinje cells. In England, 
Markson et al. (1959) described a similar 
condition affecting Light Sussex pullets. 

Crooked toes. Crooked toes may occur 
in >oung or adult birds. This condition 
should not be confused with ''curly toe 
paral)sis‘‘ which is caused by riboflavin 
deficiency. In the crooked toe condition 
the toes have a lateral curvature but the 
bird still walks on the plantar surface of 
the foot (Fig. 39.56). However, In "curly 
toe paralysis" the toes curl under and the 
bird walks on the dorsal surface of the 
toes Birds with riboflavin deficiency have 
difficulty in walking and rest on their hocks 
when not trying to walk. In “curly toe 
paralysis" a histological section of the 
sciatic nerve will enable a positive diagno- 
sis to be made. 



FIG. 39.56 — Crooked to* condition In a threo. 
week-old chick. 


The tendency for crooked toes is in- 
herited and any birds so affected should 
not be used for breeding. Black et al. (1952) 
reported strain differences in the manifesta- 
tion of crooked toe condition in chicks 
when brooded under the bright emitter 
type of infra-red lamp. Chicks from one 
strain manifested none of the abnormality 
whereas 100 per cent of the offspring from 
crooked-toed parents of another strain had 
crooked toes when brooded under infra- 
red lamps. However, when the two stocks 
were reared under ordinary electrical heat- 
ing, crooked toes did not develop in either 
strain. This is an example of the inter- 
actions which frequently occur between 
inheritance and environment. Rearing 
chicks on a smooth surface such as a news- 
paper will increase the number of cases of 
crooked toes if the birds carry this genetic 
defect. Crooked toes are under the influ- 
ence of genetic factors; however, these 
genes express themselves differently in vari- 
ous environments. 

Scoliosis. This condition commonly 
spoken of as wry neck is characterized by 
torsion and lateral curvature o£ the neck 
(Figs. 39.57 and 39.58). It is most com- 
monly observed in birds of growing age 



HG. 39.57 - Wry.neck ^condition in a yOung 
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FIG. 39.38 — Wry neck. Some chicken ot Fig. 39.57 wKK neck exposed revealing tartlon 
end loierel deviation. 


and usually only an occasional bird in a 
flock is affected. Although birds with this 
affliction manage to eat and drink without 
too much difflculty it is generally best to 
remove them from the flock. 

Coloboma of the iris. This condition 
is manifest as a unilateral or bilateral tear- 
drop shape of the pupil or as a circular 
pupil with a defect in the iris. Wilcox 
(1958) presented evidence that the condi- 
tion was inherited in White Leghorns by 
finding coloboma in 22 per cent of the off- 
spring obtained from mating aflected birds. 
Because of the dark pigmentation of the 
iris in chicks the defect was not readily 
discernible until six sveeks of age. The 
defect svas much more obvious when ob- 


served in bright light in which the iris 
was maximally constricted. In some of 
the offspring without coloboma. a pro- 
nounced bulging of the cornea occurred 
presumably from increased intraocular 
pressure in the anterior chamber of the 
eye. In one case bulging developed in an 
e>‘e previously classified as coloboma. 
Another abnormality observed occasion- 
ally in this stock svas a sunken eye, which 
was reduced considerably in size. Recogni- 
tion of the existence of coloboma in chick- 
ens is important in making a differential 
diagnosis of ocular lymphomatosis. A his- 
tological examination of the eye would 
enable one to differentiate between these 
two conditions. 
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40 

Poisons and Toxins 


The literature conuint many reports of 
acute and chronic poisoning of birds due 
to the ingestion of toxic substances, but 
(he losses from these conditions are insig- 
nificant compared with the losses experi- 
enced from various other diseases. The 
majority of cases of poisoning are acci- 
dental or due to a poor system of manage- 
ment. When birds are conhned to small 
units or die supply of natural food on 
die range is limited due to unfavorable 
weather conditions, they may consume any 
succulent food available regardless of its 
palaiabiliiy or toxicity. 

Ixsses in birds may be attributed to 
autointoxication, bacterial intoxication, 
and poisoning by drugs and chemicals, as 
well as by various phyiotoxlns, insects, 
and food constituents. Some of these agents 
are comparatively rare, and little is knovtn 
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about them, but the more common ones 
have been investigated, and the toxic as 
well as the lethal dosages have been de- 
termined. In cases of poisoning in birds, 
positive diagnoses in most instances are 
made too late for effective treatment, but 
if the cause is definitely established, it may 
be removed and further losses avoided. 

The body defenses which act to destroy 
the toxic action of poisons vary consider- 
ably in different animals. There is also a 
variation in the tolerance of certain spe- 
cies for toxic agents. As the result of 
extensive investigations, Sherwin and 
Crotvdle (1922) found that the action in 
the bodies of fowls was similar to that of 
other animals regarding the detoxication 
of various poisonous substances. 

AUTOINTOXICATION 

Autointoxication may be defined a> 
self-poisoning due to the absorption of the 
waste products of metabolism or of the 
products of decomposition within the m- 
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testine. In young chicks which are raised 
under artificial conditions, autointoxica- 
tion is more frequently experienced as the 
result of injudicious feeding practices. 
The feeding of bulky foods rich in crude 
fiber which may occlude the digestive 
tract may prevent proper elimination and 
cause the absorption of decomposed con- 
tents of the intestines. Chicks which are 
raised in confinement and are supplied 
with chopped green feed often consume 
quantities of coarse fibrous stems which 
obstruct the intestinal tract. This condi- 
tion occurs most frequently in young 
poults which are raised in confinement and 
supplied with green feed containing short 
pieces of fibrous stems. Large numbers of 
poults may be lost in a short time follow- 
ing such feeding procedures. The use of 
hay chaff for litter in poultry houses fre- 
quently results in the ingestion of indi- 
gestible fibrous material which may cause 
obstruction of the intestinal tract. 

The symptoms observed in birds suffer- 
ing from autointoxication include loss of 
appetite, increased water consumption, 
and depression, followed by weakness and 
prostration. Nervous symptoms typical of 
a generalized toxemia may appear shortly 
before death. 

Occasionally sudden death occurs among 
apparently healthy turkeys and is caused 
by the consumption of large numbers of 
grasshoppers without any appreciable 
amount of other food being taken at the 
same time. Death is caused by the hard 
parts of the grasshopper, particularly the 
spined legs which irritate the mucosa of 
the digestive tract and frequently punc- 
ture the walls of the crop and intestines. 
Nongallinaceous birds are apparently not 
affected in this manner. 

bacterial toxins 

Although the losses in birds attributed 
to bacterial toxins are not considered to 
be of great economic importance, they oc- 
casionally result in heavy losses in indi- 
vidual flocks. The only organism of this 
type which is important in the consider- 
ation of poultry diseases is Clostndium 


botulinum. No significant lesions are 
found in botulism, and a positive diagnosis 
is based upon demonstration of the or- 
ganism and its toxin. 

MOLDS AND FUNGI 

hfolds and fungi frequently attack 
grains and forage crops in the field and 
in storage when conditions are favorable 
for the development of these organisms. 
They frequently produce toxins which are 
poisonous to mammals and birds, and in 
some instances have caused considerable 
losses. As a rule, birds are less susceptible 
to poisoning by molds or fungi than are 
the common species of domesticated ani- 
mals. Moldy grains have long been con- 
sidered as dangerous for stock feed, but 
they are invariably fed until losses occur. 
The appearance of the grain is no index 
as to its toxicity. Some of the worst- 
looking grains may prove to be nontoxic, 
while brighter and better-appearing grains 
may be extremely poisonous. Chickens 
have been fed moldy corn infected with 
species of Diplodia, Aspergillus, Mucor or 
Rhizopus, Penicillium, and various bac- 
terial oiganhms without any unfavorable 
results. Scabby barley heavily infested with 
Cibberella saubinetii has been fed to fowls 
without apparently affecting their health 
or egg production. Wheat damaged by the 
so called stinking smut was used quite 
successfully as a poultry feed, although it 
is generally admitted that the feeing 
value of such grain is impaired by the 
action of the smut. 

Even though the practice of feeding 
salvage grains as well as those infected 
ivith molds and fungi is quite common, 
extreme care should be taken in the se- 
lection of the grain constituents, and only 
feed of good quality should be used as 
poultry feed. 

Brazilian groundnut poisoning (Asper- 
gillus flaints toxin). In England during 
1960. Blount (1961) reported tliat at least 
500 cases of turkey "X” disease were diag- 
nosed and indicated it was estimated that 
more than 100,000 turkeys died. Intensive 
investigations by various British workers, 
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Sargeant and O’Kelley (1961) soon made 
it apparent that this was a new disease. 

A feeding trial reported by Blount (1961) 
produced 100 per cent mortality in 25 
poults between 2 to 3 weeks of age and 
this was the first evidence that proprietary 
feeds were causing the losses. Subsequent 
investigation revealed that Brazilian 
groundnut meal was the one ingredient 
present in all the toxic feeds. It was dis- 
covered that the toxic principle was afla- 
toxin, a toxic metabolite produced by 
strains of Aspergillus flavus contaminating 
the peanut meal (Sargeant et aL, 1961). 
Samples of groundnut meal from Africa 
and India were also found to be toxic by 
Camaghan and Sargeant (1961). These in- 
vestig,ations led to the discovery that strUut 
of Aspergillus flavus are among the com- 
monest fungal contaminants of cereal 
grains and the possibility exists that these 
grains could be a source of toxin. The first 
report of Brazilian nut poisoning in North 
America was by Archibald et al. (1962) 
who reported the disease in Canadian 
chickens, 

Signs and lesions. Turkeys ate generally 
alfected at 4 to 6 weeks of age but losses 
may occur up to 16 weeks of age. Death 
usually follows within a week after symp- 
toms are noticed. Affected birds will eat 
litter and there is a gradual loss of appetite. 
The poults are lethargic, the wings droop, 
and the feathers are ruffled and broken. 
Occasionally, nervous symptoms ate pres- 
ent and die birds may die in a state of 
opisthotonus with the legs extended back- 
wards. Mortality is variable but usually 
is high with 50 to 90 per cent loss not 
uncommon (Blount, 1961). Chickens fed 
diets similar to those which kill turkeys, 
pheasants, and ducklings have retarded 
growth but low mortality. 

The primary lesions in poults are en- 
teritis and nephritis. The liver may have 
congestion, petechial hemorrhages, or pale 
necrotic areas. Blount (1961) reported that 
the blood may be watery and fail to clot 
normally. 

Ducklings are more susceptible to afla- 


tpxin than turkeys, pheasants, or chickens 
and this sensitivity makes them the bird 
of choice when testing feed for toxicity. 
Clinical signs are manifested by diminished 
f^ed intake and poor growth. A conspicu- 
ous change sometimes observed in young 
white-skinned ducklings is lameness and a 
purple discoloration of the feet and legs 
caused by subcutaneous hemorrhage. 
Voung ducklings develop ataxia and con- 
vulsions shortly before death and mani- 
fest opisthotonus. It should be noted that 
opisthotonus is characteristic of the ter- 
ininal stage in duck virus hepatitis. 

Internal lesions vary according to sur- 
vival time and age of the birds (Asplin and 
Camaghan, 1961). Ducklings dying at one 
\veek of a^e have sli^Jitly enlargpd putty- 
colored livers and pale, swollen kidneys, 
fetechia are present in the kidneys and 
pancreas. Older ducklings have a pale re- 
ticulated network throughout the liver and 
this is accompanied by atrophy and cir- 
rhosis. Nodular hyperplasia of the liver 
t$ found in chronic cases. Ascites and hy- 
dropericardium may be present along with 
» subcutaneous transudate. 

Hislopatholo^. The most prominent 
Jtistopathological changes in turkeys as re- 
ported by Wannop (1961) were degenera- 
tion ol the liver cells and bile duct hy- 
perplasia. Similar hepatic changes were 
observed in ducklings (Asplin and Carnag- 
ban 1961). The pancreas had diffuse areas 
of acinar degeneration. The kidneys had 
congestion of the tubular sinusoids and 
degeneration of the proximal convoluted 
tubules. In 8- to 4-month-old chickens, 
lymphoid hyperplasia occurred particularly 
in those areas where parenchymal cell re- 
generation was seen. By 4 months of age 
multiple circumscribed areas of lymphoid 
hyperplasia were found scattered through- 
out the liver (Asplin and Camaghan, 1961)- 
Pancreatic and renal changes were similar 
to those in ducklings. 

A positive diagnosis of this disease would 
necessitate the demonstration of aflatoxin 
in the feed. At present, means of testing 
for this toxin are beyond the scope of the 
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average diagnostic laboratory. Biological 
testing could be performed by feeding the 
suspect feed to ducklings. 

ErgoL Ergot poisoning is occasionally 
responsible for extensive losses in poultry. 
Ergot is the sclerotium of the fungus 
Claviceps purpurea which infects the seed- 
bearing heads of maturing rye and other 
grains (Fig. 40.1). In European countries 
where rye is commonly used as poultry 
feed, ergotism is frequently encountered. 
Ergot is distasteful to chickens and if other 
feed is available they will not eat it. In 
acute poisoning the comb becomes wilted 
and cyanotic. The birds become depressed 
and do not eat but have abnormal thirst 
accompanied by diarrhea. General de- 
bilitation is followed by convulsions, pa- 
ralysis, and death. In chronic cases the 
comb, wattles, and toes may become dis- 
colored and necrotic and may slough. Inter- 
nal lesions consist of enteritis in conjunc- 
tion with degenerative changes in the 
heart, liver, and kidneys. Chickens will 
make a prompt recovery when the source 
of ergot is removed. 


DRUGS AND CHEMICALS 

The poisoning of poultry by drugs and 
chemicals is most frequently due to acci- 
dent. carelessness, or the injudidous use 
of these products as medicinal agents. 

Ammonium chloride. This chemical, 
while not commonly used as a medicinal 
agent, sometimes has been administered 
in an effort to prevent ascites or the ac- 
cumulation of fluids in the abdominal 
cavity of birds. The noiuoxic dose reported 
by Gallagher (1919) was 15 to 15 grains; 
the lethal dose was found to be CO grains. 

Tlie dinical symptoms manifested In 
ammonium diloridc poisoning are loss of 
appetite, depression, progressive weakness, 
coma, and death. No diaracteristic lesions 
can be demonstrated 

.\rsenic. Arsenical preparations are ex- 
tensively used in the control and cxtcrnii- 
nation of lodcnu and insects. When con- 
siderable amounts of tiicsc arsenical com- 
pounds arc ingested by birds, toxic re- 
actions may result whidt frequently termi- 
nate fatally. Van Zyl (1929) states that 
birds arc more resistant to arsenic poison- 
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velopments are retarded. According to 
Nunn (1907), when mercury enters the 
circulation it is not directly eliminated 
hom the body, but it is deposited in most 
of the tissues, chiefly the liver and kidneys. 
The lesions found in birds as the result 
of mercurial poisoning resemble those 
characteristic of a generalized toxemia. 
Various degrees of gastroenteritis may be 
observed throughout the digestive tract 
with or without distinct hemorrhagic 
areas. Considerable amounts of greenish 
gelatinous exudate in the alimentary canal 
may be sufficient to color the ingest^ food 
material. The mucous membranes fre- 
quently become necrotic and exfoliate. 
The kidneys are usually pale in color, 
showing degenerative changes, and often 
are studded with minute svhite foci. The 
liver shows evidence of fatty degeneration. 
The abdominal cavity frequently contains 
a thick viscid fluid greenish in color. 

Geese seem to be quite susceptible to 
poisoning with calomel. A single dose of 
2 grains or more may cause death in less 
than 24 hours. The symptoms and lesioiu 
produced in geese are similar to those 
found in other birds. However, the de- 
generative changes found in the heart, 
liver, and kidneys are much more severe 


and may account for the rapid and fatal 
reaction of calomel in geese. Figure 40.S 
shows the extensive degenerative changes 
in the region of the glomeruli of the kid- 
ney, and Figure 40.4 shows the formation 
of crystals in a neaotic focus of the kid- 
ney. These changes were observed in the 
kidneys of experimental geese which were 
given 2-grain doses of calomel. 

Boric acid. Boric add poisoning is very 
rare in birds. The practice of using chemi- 
cals in the preservation of canned foods 
in Older to inhibit the growth of putre- 
factive organisms resulted in the addition 
of boric acid for this purpose. Gallagher 
(1924) reported that canned string beans 
to which boric acid was added at the rate 
of 9 grams per quart were toxic to cliick- 
ens. The clinical symptoms described 
were loss of appetite, diarrhea, depression, 
and progressive weakness, followed by 
coma and death. The lesions produced 
were severe gastroenteritis, the mucosa of 
the crop becoming thickened, necrotic, or 
gangrenous. Degenerative changes in the 
kidneys were quite extensive. 

Copper poisoning. Copper sulfate and 
Bordeaux mixture are perhaps the most 
common copper compounds used in agri- 
culture, the former as a medicinal agent 
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and the latter as an orchard spray. In 
poultry practice copper sulfate, also known 
as bluestone or blue vitriol, has occasion- 
ally been recommended for the medication 
of drinking water. If sulEcient amounts of 
this chemical are ingested, fatal intoxi- 
cation is frequently observed. Gallagher 
(1919) found that 20 grains of the crystal- 


line salt or 15 grains in solution was the 
toxic and lethal dose for the fowl. 

Pullar (1940a) reported the minimum 
lethal dose in grams per kilogram of body 
weight to be 0.9 copper sulfate crystals, 
0.3 to 0.5 copper sulfate when mixed with 
twice its weight in sodium chloride, and 
copper carbonate 0.9. Both copper sulfate 
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and copper carbonate in quantities of 1.0 
to 1.5 grams per kilogram of body weight 
t\ere considered the minimum lethal dose 
for pigeons, tvhile Uiat for several species 
of ducks ranged from 0.4 to 0.0 grams. 
Pullar (1940b) considered the maximum 
daily intake of copper carbonate tolerated 
by birds to be O.OG gm. per kilogram of 
live weight for fowls and 0.029 for do- 
mesticated mallard ducks. No toxic effects 
were noted from copper sulfate I to 4,000 
in drinking water for fowls or domesti- 
cated mallard ducks. 

According to Lander (1926a), the salts 
of copper in the stomach form albuminates 
which are quite soluble and rapidly ab- 
sorbed. They are conveyed to the various 
tissues by the blood stream and deposited 
^iefly in the liver, lungs, and kidneys. 
The elimination of these products in the 
bile and urine is rather slow. Clinical 
»)mptoms of copper poisoning in fowls 
depend largely on the amount of the toxic 
agent absorbed. In mild cases a slight de- 
pression may be observed, followed by re- 
covery. In fatal cases, a primary stimu- 
lation and activity may be noted, followed 
by severe depression and weakness. Coma, 
convulsions, and paralysis may occur be- 
ore death. The lesions consist of catarrhal 
gastroenteritis accompanied by the se- 
wetion of a greenish seromucous exudate. 
Coagulation necrosis of the mucous mem- 
branes of the lower esophagus and crop 
are often observed. Hemorrhages are fre- 
quently found in the mucosa of the in- 
testines. Degenerative changes in the liver 
and kidneys may be quite severe. 

poisoning. Bullis and Van Roekel 
( 44) reported on injury and mortality 
in chicks caused by exposure to fumes 
■jQ™ coal-tar creosote oil. Bressler et al. 
^ 51) studied the effect of salt and car- 

olineum in the experimental production 
° ascites in turkey poults. Subsequently, 

cst (1957) reported on disinfectant poi- 
soning in chicks. Bierer et al. (1963) studied 

0 effect of feeding 1 per cent coal lar 
an other disinfectants to chicks for a two- 
'^eek period. 

Under natural conditions, cresol poi- 


soning in chicks occurs most commonly at 
3 to 6 weeks of age. The affected chicks 
are depressed, weak, and have a tendency 
to huddle. The flock is generally uneven 
in size and has ragged feathering. Respira- 
tory distress is manifested by rales, gasping, 
wheezing, and extension of the head and 
neck. Clucks affected with anasarca may 
waddle or walk stiff-legged. 

The lesions are variable depending upon 


the severity and duration of the condition 
The subcutis on the ventral portion of 
the body is infiltrated with a yellow tram- 
udate. The breast muscles are pale in 
color. Clear, amber-colored fluid may fill 
the abdominal cavity. A yellow fibrinous 
layer may cover the liver. The liver may 
be enlarged and mottled in early cases or 
shrunken and cirrhotic in older cases (Fig 
40.5). The spleen is pale and small. The 
kidneys are usually swollen and pale. Hy- 
dropericardium is present and the heart 
may be pale and enlarged. The lungs are 
often edematous or have areas of hepatiza- 
lion. Fluid and mucus may be pr«enl in 
the trachea. Bullis and Van Roekel (1944) 
observed blood in the mouth and trachea 
of some chicks. West (1957) observed that 
the bone marrow was pale and contained 
more moisture than normal. He also in- 
dicated that the odor of coal tar was de- 
tected in the internal tissues of three case^ 
Bierer et al (1963) noted a depressed 
growth in chicks fed a coal-tar disinfectant. 
He did not observe ascites and edema but 
but the experiment was 
weeks and sufficient tune may not have 
elapsed for lesions to appear. 

S”Tould’'te''r™o«d. C„bolineum 
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should be used with caution, and the house 
should be heated and ventilated for sev- 
eral days to dissipate the toxic vapors be- 
fore the chicks are brooded. 

In making a differential diagnosis of 
cresol poisoning the possibility of salt poi- 
soning, "toxic fat," crotalaria poisoning, 
and alimentary exudative diathesis must 
be considered. 

These syndromes resemble one another 
in their clinical manifestations and it is 
exceedingly difficult for the diagnostician 
to establish a specific diagnosis. As the 
etiology of these conditions place responsi- 
bility and liability on different parties it 
becomes mandatory that supportive evi- 
dence can be offered in defense of a diag- 
nosis. In those conditions where the re- 
sponsibility rests with the flock owner, such 
as cresol poisoning, admission of guilt is 
more readily elicited by indirection rather 
than by accusation. The diagnosis of the 
other syndromes is discussed under their 
respective headings. 

Cyanides. Hydrocyanic acid poisoning 
may arise not only through the use of the 
acid and its salts, but through the osn- 
sumption of certain species of plants which 
under certain circumstances generate suf- 
ficient hydrocyanic acid to cause fatal 


of toxemia. The liighly toxic properties 
of these compounds make them quite ef- 
fective in tlie extermination of rodents, 
birds, and plant parasites. 

Birds are seldom poisoned by cyanides 
except through accident or carelessness. 
As a rule, they do not select cyanogenic 
plants for food except in rare cases when 
there Is no other green feed available. Cal- 
cium q-anide is extremely toxic for birds 
This compound is used extensively to de- 
stroy large numbers of undesirable birds 
such as sparrows or starlings. This prepa- 
ration is distributed by dusting machines 
at night while birds are at roost. The in- 
halation of the calcium cyanide results 
in the destruction of the birds in a very 
short time. Winchell (1925) reported the 
successful use of calcium cyanide in the 
destruction of large numbers of domesti- 
cated fowls condemned as control meas- 
ures in an outbreak of European fo''’^ 
plague. One pound of this compound was 
sufficient to destroy 2,000 birds within 1 
or 2 minutes. 

Gallagher (1919) found the toxic dose 
of potassium cyanide to be 1/10 to 1/2 
grain, while the lethal dose was considered 
to be from 1 to 2 grains. The symptoms 
develop soon after the consumption of 
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ihe toxic substance. The bird usually loses 
its sense of balance, drops to the floor in 
a comatose condition, and dies in a very 
short time. The action of cyanides in large 
doses is so rapid that characteristic lesions 
are not well developed. The comb and 
wattles appear cyanotic: the internal or- 
gans become congested; the blood is dark 
and has an oily appearance: bubbles of 
gas may be seen in the cavities of the 
heart. Characteristic odors resembling 
those of bitter almonds can be detected 
in the blood and congested organs. 

Lead. The commercial preparations of 
lead which may be responsible for lead 
poisoning include the oxides and car- 
bonates of lead, lead acetate, lead arsenate, 
and laelallic lead. The oxides and car- 
bonates are used in paint preparations. 
Lead acetate is used in commercial and 
medicinal products. Lead arsenate is in- 
corporated in orchard and garden sprays 
>vhile metallic lead, especially in the form 
of shot, has been responsible for lead poi- 
soning in fowls and game birds. L^e 
numbers of ducks die each year from in- 
gesting lead shot that contaminate shoot- 
ing preserves and hunting grounds. In an 
effort to decrease the number of pellets 
eaten, attempts have been made to develop 
shot from an alloy that would gradually 
disintegrate in the alkali marshes. Most 
of the lead compounds are comparatively 
insoluble in water but may become more 
soluble in acid or alkaline solutions. Le.id 
salts in contact with digestive fluids may 
form albuminates and other more soluble 
compounds which are readily absorbed and 
distributed throughout the tissues by the 
blood stream. Lead compounds may be 
deposited in various amounts in the liver, 
kidneys, bones, and nene and muscle tis- 
sue. Elimination of lead from the tis- 
sues is slow and is effected through the 
bile, urine, salivary, mucous, and cutaneous 
seactions. 

Species. Lead poisoning has been diag- 
nos^ in wild mallard ducks, domestic 
ducklings. Canada geese, guinea fowl, 
pigeons, and chickens (IVetmore, 1922; 
Jones. 1939; Wickwarc. 1910; Stiles, 1910; 


Rac and Crisp, 1954; Adler, 1944; Costigan, 
1940; ilanzhk and Presho, 1923; Salisbury 
and Staples, 1958; and Shillinger and Cot- 
tam, 19S7). 

Signs and lesions. Costigan (1940) ob- 
served leg w’cakness and leg paralysis in 
guinea fowl poisoned by ingesting lead 
shot. Salisbury and Staples (1958) reported 
lead poisoning in chicks caused by feeding 
a grit composed of "frit,” an ingredient 
used in the manufacture of enaraelware. 
Analysis of the "frit” revealed that it con- 
tained 32 per cent lead oxide. Four hun- 
dred diicks died out of a flock of GOO dur- 
ing the first two weeks of age. They re- 
ported that the most consistent lesions of 
lead poisoning in the chicks were sub- 
mucosal hemorrhage and necrosis of the 
gizzard lining. Experimental poisoning 
of adult IV’hiie Leghorns was followed by 
loss of weight, cessation of egg production, 
and green diarrhea in later stages. Tlic 
birds had severe anemia but no evidence 
of stippling was found on blood smears. 
Ail birds had necrosis of the gizzard lining. 
Johns (1934), in a study of lead poisoning 
in ducks, considered the stippling of red 
blood cells as characteristic of a d)ing cell, 
and that the selective affinity of lead 5.ilt$ 
for immature red blood cells caused their 
early destruction. 

Coburn et al. (1951) reported that they 
were unable to find evidence of stippling 
in blood cells due to lead poisoning in any 
avian species. These svorkers did observe 
poikilocytosis and anisocytosis in ducks ex- 
perimeutally poisoned with le.id nitrate. 
Abnormal red cell shapes includcil dumb- 
bell, bottle, oat, sickle, and teardrop forms. 
In clnckens that are anemic from lead poi- 
soning. enucleated cr)throcytc$ may be 
found in blood smean (Fig. 40.6). 

Toxic levels. Wetmorc (1922) rejsorietl 
that the usual number of shot found in 
dead waterfowl was 15 to 40. The maxi- 
mum number of shot recorded was 150, 
and the average was 25. llanrlik and 
Presho (1923) observed clinical symptoms 
in pigeons 8 to 10 days after Uie introduc- 
tion of lead shot directly into the crop. 
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FIG. 40.6 — Lead poison- 
ing. Blood smear from a 
chicken. Nole the enu- 
cleated, spindle-shoped 
erylhroeyle ond the teor- 
drop-shaped erythrocyte. 





J 




They considered the minimum lethal dose 
to be 0.16 gram of metallic lead per kilo- 
gram of body weight. Coburn ei at. (1951) 
determined the critical daily dosage of 
lead to be between 6 and 8 mg/kg of body 
weight when lead was given as an aqueous 
solution of lead nitrate. At the higher 
level the survival period was about 4 weeks. 
McIntosh and Staples, quoted by Salisbury 
and Staples (1958), failed to produce any 
gross evidence of lead poisoning in fowl 
by feeding single massive doses of red 
lead and white lead in amounts up to 1,000 
mg/kg of body weight 
Diagnosis. The signs and lesions of lead 
poisoning are not pathognomonic and sup- 
portive evidence is needed before a posi- 
tive diagnosis can be made Finding mwal- 
lic lead in the digestive tract in conjunc- 
tion with a high lead content in the liver 
or bones would establish a positive diagno- 
sis. Adler (1944) investigated lead poison- 
ing in Canada geese and found there was 
no correlation between the amount of lead 
in the leg bones and the number of shot 
found in the gizzard. He stated that the 
amount of lead found in the leg bones is 
a measure of the duration of exposure to 
the lead, as only a small portion of the 


daily intake of lead is stored, the rest 
being excreted. He did find, however, 
that there was a correlation between the 
lead content of the liver and the number 
of shot present in the gizzard. From these 
findings he concluded that the best organ 
for chemical analysis to confirm a diagno- 
sis of lead poisoning was the liver. A high 
lead content in the liver would indicate 
that the lead tvas recently ingested whereas 
a high lead content in the bones would in- 
dicate chronic poisoning. 

Naphthalene. Naphthalene formerly was 
frequently used in the form of motli balls 
as a protection against lice and mites in 
nests. This preparation is fairly volatile 
and gradually decreases in volume on ex- 
posure to air. ^Vhen the moth balls be- 
come small they may be readily ingested 
by fowls. The loss of 40 fowls in a flock 
of 400, caused by naphthalene poisoning, 
was reported by Hudson (1936). The 
clinical symptoms associated with this 
form of poisoning include congestion of 
the comb and wattles, abnormally bright 
eyes, greenish-black diarrheal exaement, 
progressive paralysis, and death. Death 
usually occurs within 3 days following the 
first appearance of diarrhea. The lesions 
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consist of severe catarrhal gastroenteritis 
with necrotic areas in the mucous mem- 
brane of the crop. The liver is congested 
and greatly enlarged, with numerous small 
necrotic foci. The strong characteristic 
odor of naphthalene can be detected in 
the contents of the crop and gizzard. 

Nicotine sulfate. Nicotine, the highly 
toxic alkaloid of tobacco, has been used 
for many years by nurserymen and gar- 
deners for the control of insects. According 
to Carpenter (1931), the development of 
the commercial "Black Leaf 40," a stand- 
ardized 40 per cent solution of nicotine 
sulfate, made it possible to standardize 
the dosage and obtain more eflScient re- 
sults in the treatment of internal parasites 
of poultry. Apparently mature fowls toler- 
ate greater doses of nicotine sulfate than 
do mammals or other animals. Various 
commercial preparations containing nico- 
tine sulfate and other constituents, in- 
cluding kamala, have been used with vary- 
ing degrees of success in controlling 
intestinal parasites. Bleecker and Smith 
(193Sb) reported toxic reactions in birds 
treated internally with "Black Leaf 40.” 
They (Bleecker and Smith. 19$3a) also 
reported the toxic dose of this preparation 
to be from 0.5 to 1.0 cc. In some cases 
birds receiving a toxic dose became de- 
pressed and prostrated and died in a short 
time. Parker (1929) found that baby 


chicks were quite susceptible to poisoning 
svith nicotine sulfate. Doses of 0.2 cc. in 
various concentrations were given with 
the follosving results: an 8 per cent solu- 
tion killed all treated chicks; 6 per cent 
solution was fatal to 70 per cent; 4 per 
cent solution resulted in the loss of 50 
per cent; and 3 per cent solution, though 
producing a toxic reaction and coma for 
about 15 minutes, resulted in very few 
deaths. 

The application of nicotine sulfate in 
the form of "Black Leaf 40" on the roosts 
of the hen house shortly before fowls go 
to roost has been quite effective in con- 
trolling external parasites. According to 
Carpenter (1931), nicotine is highly vola- 
tile at 100® to 105® F. and is volatilized 
by the body temperature of the fowl. Cases 
of severe intoxication have been reported 
from the improper use of this product. 
Proper ventilation of the poultry house 
prevents the possible accumulation of 
vapors sufficient to produce toxic reactions, 

The symptoms observed in nicotine poi- 
soning include severe depression, retarded 
respiration, cyanosis, and coma followed 
by deaih. The lesions usually observed are 
as follows: congestion of the lungs and 
liver, ccchymoses of the lungs and heart, 
congestion of the nictitating membranes, 
dilatation of the pupil (Fig. 40.7). and 
a dark cyanotic condition of the blood. 
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15 mg. per kilogram of live weight The 
repeated ingestion of sublethal doses may 
result in chronic toxemia. 

Postmortem examination reveals vari- 
ous degrees of congestion with the ac- 
cumulation of some serous fluid in the 
pericardial sac as well as in the abdominal 
cavity in some cases. Enteritis is usually 
limited to the upper part of the small in- 
testine. A characteristic pungent odor of 
phosphorus can be detected in the con- 
tents of the crop and gizzard especially in 
birds tvhich have ingested large doses. 

Nitrates. The nitrates of potassium and 
sodium have been known to produce poi- 
soning in poultry, the general character 
of which is similar to that of sodium 
chloride poisoning. Sodium nitrate is com- 
monly used in the form of Chile saltpeter 
« a fertilizer and may be mistaken for 
sodium or magnesium sulfate. In at- 
tempted medication of fowls, such errors 
have occurred with fatal results. Guberlet 
(1922) reported the lethal dose to be from 
60 to 70 grains for the average fowl, 
smaller doses causing digestive disturbances 
accompanied by diarrhea. 

The clinical symptoms most frequently 
observed are excessive thirst, anorexia, 
vomition, diarrhea, retarded heart action, 
subnormal temperature, and cyanotic ap- 
pearance of comb, Avattles, and skin. 
Muscular weakness develops into progres- 
she paralysis followed by coma and death. 
In some cases convulsions appear shortly 
before death. The lesions include varying 
degrees of gastroenteritis, frequently of a 
hemorrhagic nature. Degenerative changes 
be obsersed in the heart, liver, and 
kidneys. In peraeuie cases Uie lesions are 
less distinct. 

Potassium permanganate. This ciicmical 
compound is frequently used as .an anti- 
*cptic in drinking water for poultry but 
is decidedly toxic if administered in 
S^^atcr amounts than recommended for 
iheraj>eutic use. Mature fowls arc ap- 
parently not injured by consuming a 1:500 
solution of potassium permanganate as 
drinking water for several weeks. Gal- 
lagher ( 1919 ) reported the toxic dose to 


be 30 grains. He also reported tliat an ex- 
perimental fowl died in less than 24 hours 
following die administration of the toxic 
dose. No clinical symptoms were observed 
prior to death. The lesions consisted of a 
severe cauterization of the crop wall. The 
submucosa and skin on die lower surface 
of the crop were blackened. Extensive 
blood clots were found in the crop where 
the tissue came in contact with the clicmi- 
cal crystals. All the other organs were 
normal. The potassium permanganate 
apparendy did not leave the crop, die 
caustic action of the chemical compound 
being localized in the tissues with which 
it came in contact. 

Sodium bicarbonate. Years ago it wms 
a common practice for poukrymen to 
“Ausli" their flocks with v-arious chemicals 
in the drinking water, one of which was 
sodium bicarbonate. Pathologists in diag- 
nostic laboratories obsened that diicks 
widi lesions of visceral gout often had a 
history of receiving sodium bicarbonate as 
a flusli. Subsequent investigation revealed 
that overdosing with sodium bicarbonate 
caused nephritis and visceral gout (Dela- 
plane. 1934). 

Witter (1936) reported toxic reactions 
but no mortality in 2-week-old chicks which 
were given an 0.6 per cent solution of so- 
dium bicarbonate. However, a level of 1.2 
per cent sodium bicarbonate caused toxic 
reactions in 2 days and mortality by the 
fourth d.iy. Chicks 6 to 8 weeks of age 
which were given a 2.0 per cent sodium 
bicarbonate solution became sick in 2 days 
and began dying by the third and fourth 
days. Adminisuation of a 2.-1 per cent so- 
lution to yearlings produced toxic symp- 
toms and death in five days. 

CliniGil signs included depression, weak- 
ness, increased water consumption, and 
watery droppings. The primary lesion oc- 
curred in the kidneys which became pale 
and swollen initially, followed by marked 
distension of die tubules and ureters with 
urates. Urate deposits were found on the 
cpicardium and surfaces of liver and lungs. 

jungherr (1935) rejxjrtcd that single 
or repealed small doses of sodium bi- 
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carbonate may cause visceral gout. He also 
stated that visceral gout may occur in 2- 
day-old chicks that had not received feed 
or medication of any kind. Bullis and Van 
Roekel (1944) observed visceral gout in 
chicks 3 to 4 days of age that had not re- 
ceived sodium bicarbonate. Losses in these 
cases were usually less than 5 per cent. 
They also stated that excess sodium bicar- 
bonate fed to chicks would produce visceral 
gout (Fig. 40.8). 

Scrivner (1946) reported upon the effect 
of various concentrations of sodium bicar- 
bonate in the drinking water of day-old 
poults. Levels of 0.1 per cent sodium bi- 
carbonate and below were nonioxic when 
given for 18 days. Sodium bicarbonate at 
concentrations of 0.3, 0.5, and 0.6 per cent 
produced 20, 60, and 70 per cent mortality, 
respectively, in 2 to 3 weeks. It should be 
noted that the lesions in the dead poults 
were subcutaneous edema and ascites. 
14one of the dead poults had visceral gout 
whereas the reports of sodium bicarbonate 


poisoning in chicks describe gout as one 
of the principal lesions. 

Other sodium compounds. ScrisTier 
(1916) studied the effect of various sodium 
compounds on day-old turkey poults when 
administered in the drinking water at a 
concentration of 0.75 per cent. Adminis- 
tration of sodium citrate killed 19 out of 
30 poults in 22 days. Lesions produced 
were subcutaneous edema and ascites. So- 
dium iodide administered for 5 days killed 
100 i)er cent of the poults. 2 of which had 
lesions of ascites and subcutaneous edema. 
Sodium sulfate administered for 15 days 
killed II out of 31 poults with lesions of 
ascites and subcutaneous edema. Sodium 
hydroxide, administered at a concentration 
of 0.1 per cent in the drinking water for 21 
days killed 2 poulu which had ascites and 
subcutaneous edema. From the foregoing it 
is apparent that sodium compounds other 
than NaCI and sodium bicarbonate may 
be toxic for birds and produce lesions of 
ascites and edema. 
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Sodium chloride. It has been shown that 
most species of domestic fowl such as the 
turkey, chicken, duck, and pigeon are sus- 
ceptible to salt poisoning. Young birds 
are more susceptible than mature birds 
which is probably the result of young birds 
consuming more feed in relation to body 
weight. Salt poisoning could arbitrarily 
be classed as acute or chronic. The acute 
cases would be those in which the birds 
consumed large amounts of salt in a short 
period of time. This could happen when 
birds were accidentally exposed to large 
amounts of salt, such as rock salt used in 
chilling brine, fish brine, or mixed with 
sand for highways. Gallagher (1919) re- 
ported 2.5 drams of this salt to be the toxic 
dose for chickens. The chronic cases of 
salt poisoning are more common than the 
acute and occur where there is salt in the 
drinking water or excess salt in the feed. 
Bigland (1950) reported on field cases of 
salt poisoning in turkey poults and found 
that in some instances the feed contained 
an amount in excess of I per cent salt over 
what the manufacturer intended. In addi- 
tion, some of the water samples contained 
salt. He also found that the salt content 
in the feed hoppers was higher than in 
feed taken from the bag. Apparently, the 
salt by virtue of its specific gravity and 
physical characteristics gravitates to the 
bottom of the feed hopper. Losses started 
at 8 to 9 days of age with a daily mortality 
of 1 to 3 per cent continuing to 14 to 18 
days of age. Total losses amount to 10 to 
20 per cent. 

The clinical symptoms include loss of 
appetite, severe depression, and progr«- 
sivc paralysis, followed by respiratory fail- 
ure and death. In poults at necropsy. Big- 
land (1950) found anasarca, ascites, hydro- 
pericardium, cardiac hypertrophy, edema 
of the lungs and enteritis in the duodenum 
with edema of the intestinal wall. Increas- 
ing the salt in the diet causes a marked in- 
crease in water consumption and this was 
noted in experiments by Krakowcr and 
Goeitsch (1945) and Paver et al. (1955). 
The additional stress placed upon the kid- 
neys by increased salt and water intake 


is reflected in enlargement of the kidneys 
with glomerular hypertrophy. 

Young poults are much more susceptible 
than older turkeys. Dressier et al. (1951) 
noted that considerable mortality in young 
poults was produced when 0.9 per cent or 
higher levels of salt were added to the ra- 
tion. Ewing (1947) observed that a 2 per 
cent level of salt produced 38 per cent mor- 
tality in turkey poults. In one trial, Scriv- 
ner (1946) fed 2.5 per cent salt in the 
mash and produced 40 per cent mortality 
in poults at 7 days of age accompanied by 
lesions of edema and ascites. However, 
Roberts (1957) using turkeys of 8 to 31 
weeks of age found that salt levels up to 
6.0 per cent in the ration increased the 
water intake but did not affect the growth 
and development. A reduction in weight 
gain was noted where 6,0 and 8.0 per cent 
salt was fed but no mortality occurred. 
Scrivner (1946) reported that feeding 2.0 
per cent sodium chloride in the water and 
0.5 per cent salt in the feed to day-old 
poults produced depression in 48 hours and 
100 per cent mortality in four days. There 
was no edema or ascites. When the con- 
centration of salt in the water was reduced 
to I per cent with 0.5 per cent in the feed 
all poults died in five days with lesions of 
ascites and edema. Lowering the salt con- 
centration in the water to 0.5 per cent in 
addition to feeding 0.5 per cent salt in the 
mash caused 80 per cent mortality in 10 
days with lesions of subcutaneous edema 


nd ascites. 

Paver et al. (1953) found no harmful 
fleet in feeding day-old chicks salt levels 
anging from 0.98 to 3.25 per cent in the 
aash. Levels of salt above 3.5 per cent 
lid c.-iuse mortality in chicks. They found 
hat a gradual increase in the salt concen- 
ration of the diet fed to chickens over one 
nonth of age from 2 per cent to 50 per 
enl interfered greatly with growth but 
ras not necessarily fatal. It was jwstulatcd 
hat this was due to the lower food require- 
Items of adult birds in relation to Ine 
weight and possibly increased renal effi- 
icncy in older birds. 

Gordon o/. (1959) rcporlcd the pro- 
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iluction of a condition resembling “toxic 
fat” disease in 2 to C per cent of 4-\vccl.-oM 
chickens fed purified diets containing 20 
per cent blood meal, 2 per cent corn oil, 
and 0.83 per rent sodium chluridc. Symp- 
toms and lesions wcic not produced in 
chickens fed similar diets containing 30 
per cent blood meal and 22 per cent com 
oil. Wien cihcr-cxtractcd blood meal was 
fed with the high lc\cl of NaCl ncs edema 
resulted. Supplementation of isolated soy- 
bean protein diets luih high Icscls of NaCI 
resulted in edema only in chickens fed 
diets low in fat. It w'as concluded that 
there is an ether-soluble factor present in 
blood meal which disturbs salt regulation 
of the young chicken In addition, high 
levels of fat can counteract the edematous 
ertccls of a high dietary NaCl level 

Shaw (1929) reported that less than 5 
grams were nontoxic for ducks weighing 
600-800 grams, while larger doses were 
lethal. Torrey and Graham (1935) rc|>oricd 
four consecutive doses of 5 to G grams of 
salt were fatal to half-grown Pekin .lucks. 
However, the ducks tolerated doses of I 
to 2 grams of sodium chloride daily for 
29 days. The clinical symptonis of toxicity 
were depression, loss of appetite, incoor- 
dination, progressive weakness, prostration, 
and death. Lesions varied from a mild 
congestion of the duodenum to severe en- 
teritis accompanied by nephritis. 

Edwards (1918) investigated the toxicity 
of sodium chloride for pigeons and re- 
ported that feeding more than 3 grams per 
kilogram of body weight produced toxic 
reactions and above 3.3 grams was fatal. 
The symptoms and lesions were similar to 
those in other birds. According to Buckley 
el al. (1939) there is no antidote for sodium 
chloride poisoning However, every effort 
should be made to provide the birds with 
readily accessible clean fresh water and a 
salt-free diet. 

Kamala. Kamala must be regarded as a 
poison even though it is used as an anthel- 
mintic for the removal of tapeworms in 
poultry. It is a powerful irritant in the 
gastrointestinal tract. Care must be used 


111 the administration of kamala in order 
to avoid toxic reactions. Following flock 
ttcatment with kamala, the egg produc- 
tion invariably is reduced for some lime. 
Hail and Shillingcr (I92G) considered a 
ISgiain dose as an effective anthelmintic 
for mature fowls. Turkeys arc less tolerant 
lo kamala than chickens according to the 
report of Beads (1930). Hawn (1933) 
found kainal-n was ncliiicr a safe nor an 
ciTiciciit anthehiunlic for turkeys. Cram 
(1928) warns against the use of kamala in 
birds affected with complicating diseases 
because of reviilling high inortalit). 

Sirydiuiiic. Sirydmine is a powerful 
toxic alkaloid ocnining in the seeds of 
certain ijvccics of the Lnganiaccac. It is 
readily absorl>cd from the digestive tract 
into the blood stream and is a jsowcrful 
snmulant to die cenual nervous system. 
Its elimination from the tissues is slow, 
thus iiitcnsilying the ciimulalivc action. 
Toxic doses prixluce tetanic spasms, pa- 
ralysis. respiratory failure, and death. 
Strychnine is used extensively in the con- 
trol of rodents. Accidental stryclinine i>oi- 
souing occasionally occurs in animals and 
birds consuming poisoned baits. Fowls ap- 
parently arc more resistant to strychnine 
than mammals. According to Hcinckamp 
(1925), the toxic dose in fowls depends 
largely oil die ipiamity and nature of the 
crop contents, the absorption of the toxic 
agent being inversely pro^soriional to the 
amount of food in the crop and directly 
projsonional to its fluidity. Gallagher 
(1919) regarded 0.03 gram per kilogram 
of body weight as the lethal dose for 
chickens. 

Sulfonamides. Sulfonamides were among 
tile fitsi of the so-called “wonder drugs" 
to emerge following ^Vorld \Var II. Their 
success in the treatment of human diseases 
led to experimentation in the field of vet- 
erinary medicine. The therapeutic level 
and toxic level of some sulfonamides may 
impinge on one another and caution is 
needed in regard to dosage and duration 
of treatment. The small amount of the 
drug used in proportion to the bulk of 
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the feed makes thorough mixing and dis- 
tribution throughout the feed difEcuIt. The 
ready availability and indiscriminate use of 
medications by poultrymen may lead to 
cases of intoxication. Levine (1939) in 
studying the effect of sulfanilamide against 
coccidiosis found that concentrations of 
0.2, 0.3, and 0.4 per cent by weight of mash 
fed for a period of two weeks was definitely 
toxic for chickens. Farr and Wehr (1945) 
fed sulfamerazine to chickens and pro- 
duced necrosis of the liver and spleen as 
well as retarded weight gains. Levine and 
Barber (1947) found hemorrhagic infarcts, 
neaosis and swelling of the spleens in 
chickens following the feeding of three 
sulfa drugs. Delaplane and Milliff (1948) 
reported that laying pullets which were 
fed sulfaquinoxaline in the mash at a level 
of 0.25 per cent for a period of eight 
to ten days rapidly declined in egg pro- 
duction, became droopy, weak, anemic, and 
eventually died. Davies and Kendall (1953) 
and Davies (1954) found that sulfaquin- 
oxaline added to the drinking water in a 
concentration of 0.0645 per cent produced 
a toxic effect after treatment for only 5 
days. 

Yacowitz, et al, (1955) reported that the 
feeding of 0,1 per cent sulfaquinoxaline 
*n the presence of 3-5 per cent alfalfa and 
^ mg. of menadione per pound of feed re- 
sulted in the occurrence of a hemorrhagic 
syndrome in chicks. Hemorrhages closely 
resembled those encountered in field cases 
of hemorrhagic disease. The feeding of 
lodinated casein and penicillin appeared 
^ increase the toxicity of sulfaquinoxaline. 
The whole blood clotting time was in- 
creased but the prothrombin time was 
normal. 

Marihedal and Veiling (1961) indicated 
mat macroscopic changes were produced 
in fise- to eight-week-old chickens in four 

^ys following the administration of 0.05 
per cent sulfaquinoxaline in the drinking 
reports it is apparent 
ibat the various sulfonamides may be toxic 
certain conditions. 

. ^‘gns. Toxicity is manifested in grow- 
mg birds by rulllcd feathers, depression. 


and a pale or icteric color of the tissues 
about the head. Farr and Jaquette (1947) 
noted that birds treated with sulfamerazine 
in the mash at levels higher than 0.25 per 
cent made poorer weight gains due to tlie 
unpalatability and toxic effect of the drug. 
In laying flocks, toxicity is manifested by 
a marked drop in egg production. Edema 
and hemorrhage of the wattles may occur 
(Fig. 40.9). Scott et al. (1944) studied the 
e ff ect of feeding sulfanilamide to birds in 
production. They indicated that sulfanila- 
mide in the diet would cause decreased 
production, thin shells, rough shells, and 
loss of pigment in the shell. In controlled 
studies they found that the addition of 
0-008 to 0.5 per cent sulfanilamide to the 
diet caused an immediate effect on shell 
quality. Egg production practiraliy ceased 
at levels above 0.25 per cent It was also 
determined that blood calcium levels were 
not depressed by sulfanilamide feeding. 
The thinness of the shell could not be at- 
tributed to premature expulsion of the 
^g as it remained in the shell gland for 
the normal length of time. 

Cioff lesions. Levine and Barber (1947) 
and Delaplane and Milliff (1948) reported 
that spleen lesions varied from hemorrhagic 
infarcts to small whitish foci (Fig. 40.10) 
In a few instances more than half the 
spleen was a white necrotic mass. The 
liver was frequently involved v»ith gjcyish- 
white nodules about 1 mm. in di.imctcr 
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FIG. 40.10 — Hemorrhages in myo- 
cardium and smaii while granu- 
lomas in the spleen due to sul- 
fonamide intoxication. 



scattered throughout the tissue (Fig. •lO.U). 
Similar greyish-white nodules and petechiae 
occurred in the kidney. Nodular lesions 
were also present in the myocardium and 
lungs. Farr and Jaquette (1947) noted that 
the spleen was the organ most frequently 
aSected in sulfonamide intoxication. Del- 
aplane and MilliS (1948) also found sub- 
cutaneous hemorrhages. Yacowitz ct at. 
(1955) reported that lesions following the 


feeding of sulfaquinoxaline were watery 
blood, yellow fatty bone marrow, and hem- 
orrhages in the Litigh and breast muscles 
(Fig. 40.12). Hemorrhages were present in 
the heart, and the liver and intestine con- 
tained numerous petechial and ecchymotic 
hemorrhages (Fig, 40.13). 

Histopatliology. Caseation necrosis, giant 
cells, lymphocytic and eosinophilic infiltra- 
tion were observed in the liver by Dela- 



Chapter 40: POISONS AND TOXINS 


1231 



plane and Milliff (1948). In the absence 
of caseation there was hyperplasia of the 
connective tissue stroma. Nearly every 
follicle of the spleen contained multi- 
nucleated or giant cells. Some follicles had 
caseation necrosis and infiltration of 
eosinophils. The lungs had small circular 
tubcrciclike areas composed of a caseous 
center surrounded by giant cells. Eosino- 
phils were numerous in the center of 


nodules that were not caseatcd. Lympho- 
cytes and neutrophilcs infiltrated the pe- 
riphery of the nodular areas. The kidneys 
had hemorrhages and nodular areas com- 
posed of lymphocytes, granulocytes, and 
giant cells. 

Alpha naphthyl thiourea. This prepa- 
ration, commercially known as ANTU, 
which was recently developed as a rodcnii- 
dde and is one of the most efTcctivc agents 
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for this purpose, is also highly toxic for 
domesticated animals and poultry. White 
there is much critical work to be done in 
determining the toxicity and lethal dosages 
o£ this product, Anderson and Ricliter 
(1946), through their experimental work 
with chickens, found that young chicks 
are quite susceptible to poisoning by this 
preparation. It is apparently less toxic for 
older birds. Chicks ranging in age from 3 
to 5 weeks and fed 2 per cent to 3 per cent 
.VNTU in mash showed toxic reactions in 
a short tune. H.alf of these birds were 
dead m 18 hours. Most of the survi\-ors 
which were fed plain mash recovered and 
those wliich continued to be fed on the 
toxic ration ate very little and died within 
4 days. The clinical symptoms include de- 
pression. loss of appetite. lisUessness. in- 
coordination, weakness, prostration, and 
death, Well-defined pathologic lesions 
were not developed in all the poisoned 
birds. There was evidence of edema in 
Uie lungs and excessive quantity of Ouid 
in the pericardial sac. Some cases showed 
evidence of fatty degeneration of the liver 
and kidneys. 

Pullets averaging pounds vsere given 
doses up to the quantity to be found in 6 
ounces of 2 per cent poisoned mash. Some 
died, and the survivors lost weight and 
would have been unprofitable birds if 
raised to maturity. Pulmonary edema, 
fatty degeneration of the liver and kid- 
neys, and in some cases degeneration of 
the heart constituted the principal patho- 
logic changes. 

Sodium monofluoracetate. This chemi- 
cal compound, commonly designated as 
-Compound lOSO." is one of the most ef- 
fective rodenticidcs recently developed. It 
is effective in ilie extermination of r^^ts 
but is also toxic for doincsiicaicd animals 
and birds. Coitral et al. (1917) determined 
that the minimum lethal dose for chickens 
is about 14 mg. per kilogram of body 
weight and that repeated sublcthal dosages 
will produce death in a short time. The 
clinical symptoms include restlessness, fol- 
lowed by a definite heart acceleration and 

increased respiration. Sublethal dosages 


frequently produce a definite blanching of 
the comb and wattles, while heavier do- 
sages will induce congestion and cyanosis 
of those appendages. As the toxemia pro- 
gresses, the birds become weak and coma- 
tose. Some cases develop nervous symp- 
toms and convulsions prior to death. The 
pathologic changes observed in this type of 
poisoning include distention of the per- 
icardial sac with clear straw-colored fluid, 
hemorrhages in the cardiac tissue as well 
as on the endocardium, severe degenera- 
tion of the heart tissue, dark tarlike color 
of the blood, and large quantities of serous 
straw-colored fluid in the lungs and 
thoracic cavity. The liver appears dark in 
color, and the gallbladder is distended 
with bright green, watery bile. Degenera- 
tive changes in the kidneys may occur in 
some cases as well as a mild enteritis. The 
toxic action is primarily on the heart, and 
no effective treatment for this condition is 
known at the present time. 

DDT (dichloro-diphenyl-trichlorethane). 
Dry DDT crystals and the water-dispersible 
preparations used in reasonable quanti- 
ties as indicated for their use in insect 
control are incapable of causing toxic re- 
actions in domesticated poultry. From the 
results of experimental studies, it would 
appear that great quantities of 5 per cent 
to 10 per cent DDT preparations would 
have to be ingested, inhaled, or dusted 
upon the bird to cause an unfavorable 
reaction. This would be a far greater 
quantity than that to which poultry is 
likely to be exposed under normal con- 
ditions. According to Kingseote and Jarvis 
(1940), Uie oil preparations are regarded 
as more dangerous, but not sufficiently so 
as to exclude their use if reasonable care 
is exercised. Their primary use is for con- 
trolling gnats, flies, and some intermediate 
hosts of poultry parasites. McNeil and 
Hinshaw (1947) reported that water 
emulsions were more effective than kero- 
sene emulsions and safer to use. There ap- 
parently svas no advantage in using con- 
centrations greater than 2 lb. per 100 gal- 
of water. The amount recommended is 5 
per 500 sq. ft., resulting in the dis- 
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persion of about 100 mg. of powder per 
square foot. 

The clinical symptoms observed in DDT 
poisoning include dyspnea, rapid breath- 
ing through the mouth, rapid blinking of 
eyelids, muscular spasms, progressive 
incoordination, prostration, and death. 
Young birds may die in a short time with- 
out showing any well-defined clinical 
symptoms. There are no characteristic 
gross pathologic changes in the internal 
organs except the heart, which frequently 
shows petechial hemorrhages on tlie base. 
The majority of the birds show no specific 
postmortem lesions which can be of diag- 
nostic value. 

Arasan poisoning. Arasan [tetramethyl- 
thiuram disulfide (TMTD)], a fungicide 
used in the treatment of seed corn, was 
reported toxic to hens and chickens by 
Johnson et al. (1955). Waible et at. (1955) 
and Schumacher and Heuser (1956). The 
major symptoms observed in laying hens 
include misshapen and soft-shelled eggs, re- 
tarded production, and finally completely 
arrested production, Heuser and Schu- 
macher (1956) reported a drop in produc- 
tion from 70 per cent to 10 per cent in $ 
days after feeding a ration containing 33 
per cent of Arasan-treated corn. In chicks, 
reduced growth and development as well 
as feed conversion efficiency are first ob- 
*^fyed, followed by hock disorders, ina- 
bility to stand, and greatly increased mor- 
tality. 

This product is extremely toxic, and 
such low levels as 7.5 parts per million of 
the compound in poultry rations will pro- 
duce toxic reactions. The similarity of 
Arasan toxicity symptoms in hens with 
those produced by mild outbreaks of in- 
fectious bronchitis or Newcastle disease 
makes field diagnosis difficult. Seed com 
may be treated with TMTD levels as high 
as 750 to 1,000 p.p.m., and such levels 
would make it practically impossible to 
dilute corn sufficiently to prevent toxic 
effects in poultry rations. According to 
Swanson et al (1956), low levels of Ara- 
san-SFX (75 per cent TMTD) resulted 
iu a reduction in eggshell thickness and 


firmness in albumen. At levels above 100 
p.p.m., practically no hard-shelled eggs 
were produced. 

Dieldrin. Carnaghan and Biaxland 
(1957) reported mortality in wild pigeons 
and pheasants presumably caused by the 
ingestion of seeds treated with dieldrin. 
As circumstantial evidence strongly sug- 
gested that the birds were eating treated 
seed, controlled experiments were carried 
out to determine the toxicity of various 
chemicals used in seed treatment. 

Grain dressings containing organo-mer- 
curials and gamma benzene hexachloride 
were found to be nontoxic to pigeons and 
pheasants. The feeding of wheat treated 
with dieldrin caused mortality in pigeons 
and pheasants. The administration of 
washings from Wz oi. of dicldrin-treated 
grain proved fatal to adult pigeons. Deaths 
occurred between 4 and 10 days after ad- 
ministration of the toxic product. 

The first symptoms manifested were a 
listlessness and a "hunched up" attitude. 
The birds did not maintain an even flight 
and lost their balance when lighting. Be- 
fore death, nervous symptoms became pro- 
nounced and were cliaracterized by rapid 
lateral movements of the head with slight 
tremor of the head and neck. There was 
constant blinking of the eyelids. Death 
occurred during a violent convulsion. At 
necropsy the liver and kidneys were con- 
gested. The gizzard lining was degenerated 
and hemorrhages were present on the sur- 
face of the underlying muscle. 

Chlordane. Rosenberg and Tanaka 
(1950) showed chlordane to be definitely 
toxic to growing chickens. The tolerance 
of chicks to chlordane poisoning ap- 
parently increases progressively in differ- 
ent age groups. The addition of 0.25 per 
cent chlordane to the ration caused deaths 
as early as the first and second days in the 
7-day-old group. Deaths were recorded 
after 2 days in the 21-day-old chicks; in 4 
days in the 63-day-old birds and in 8 days 
in the 112-day-old group. All experi- 
mental chicks died within 17 days on die 
ration- Chlordane killed all 7-day-oId 
chicks when fed at levels ranging from 
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0.10 to 0.25 per cent. The ration contain- 
ing 0.05 per cent chlordane killed only 
66.6 per cent of the chicks. The primary 
lesions found in all of the fatal cases were 
in the heart. Excessive quantities of fluid 
were found in the pericardial sacs; there 
were enlargement and distortion of the 
heart as well as engorgement of the coro- 
nary vessels. 

The toxicity of clilordane to laying pul- 
lets was reported by Rosenberg et a/. 
(1950). The experimental birds were 
highly resistant to chlordane poisoning. 
None of the birds receiving 0.05 or 0.15 
per cent chlordane died during a 28-day 
test, and those receiving 0.25 and 0.5 per 
cent survived without mortality for 27 and 
21 days, respectively. The birds fed 0.5 
per cent chlordane completely ceased egg 
production and went into a molt; feed 
consumption decreased as did the body 
weight. Shriveling and cyanotic combs 
were observed. The group receiving 0.05 
per cent of the drug was only slightly af- 
fected, continuing to lay nearly as well 
as the controls, and showed no clinical 
symptoms. Gross lesions observed in dead 
birds receiving the lethal doses consisted 
of heart lesions similar to those described 
in chicks. 


Post (1951) compared the toxic effect c 
chlordane and toxaphene in pheasants an 
Chukar partridges. He determined tha 
the toxic level of chlordane was 200 mt 
per kilogram of body weight for pheasant 
and Chukar partridges. The maximur 
survival time for the pheasants was 56 dav 
at the lower level of drug decreasing t 
10 days when a level of 5.000 mg. per kik 
gram of body weight was given. Partridee 
died much more acutely than the phea$;mt 
with the shortest survival time being 
hours and the maximum survival time 7 
hours. 


The minimum lethal dose of toxaphent 
was 200 mg. per kilogram of body weighl 
for pheasants. Death occurred within^ 
days when the minimum toxic level wa: 
fed and within 4 hours when levels of 5 00( 
mg. per kilogram were fed. The minimum 
lethal dose for partridges was 50 mg pei 


kilc^am of body weight. Some birds died 
within 2^ hours after administration of 
the drug and maximum survival time was 
5 days. Poisoning by toxaphene and chlor- 
dane produced similar signs and lesions. 

Lindane. Bootes (1962) reported poi- 
soning in a group of 200 turkey poults 
following the use of lindane in the litter. 
Approximately 500 grams of an insecticide 
powder containing 10 per cent lindane 
was sprinkled over the litter in a 9' X 9' 
brooder house. About 30 minutes after 
the application of the insecticide the poults 
stopped eating and began to squeak no- 
ticeably. Shortly thereafter, many of the 
birds showed signs of nervous derange- 
ment, manifesting opisthotonus, flapping 
of the wings, tetanic spasms of the muscles, 
and finally lapsing into a coma before 
death. At necropsy the only lesion was a 
slight edema in some poults. Within 
twenty-four hours 75 poults had died. Al- 
though the poults were moved to clean 
litter at the end of twenty-four hours, losses 
continued for a week and a total of 170 
in the original group of 200 eventually 
died. 

Malathion. Gaafar and Turk (1957) 
studied the toxicity of Malathion for chick- 
ens. They determined the LDjo of Mala- 
thion for 3-week-old chickens to be be- 
tween 200 and 400 mg. per kilogram of 
body weight and for yearlings between 150 
and 200 mg. per kilogram of body ^veight. 
Almost all of the poisoned birds recovered 
if they survived the first 16 hours. The 
signs of hfalathion toxicity in the poi- 
soned groups were drowsiness, incoordina- 
tion, reluctance to move, resting on their 
hocks, excessive salivation with mucus 
hanging from the beaks, cyanosis of the 
sidn, diarrhea, blood-tinged brownish drop 
pings, coma, and death. At necropsy the 
principal change was congestion and dis- 
coloration of the heart muscle. Many 
birds had a marked dilatation of the sub- 
cutaneous blood vessels. These workers 
also reported that no signs of toxicity re- 
sulted when chickens were dusted at weekly 
intervals for four weeks with a 4 per cent 
Malathion powder. 
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Golz and Shaffer (1955) reported that 
there was no evidence of toxicity in diick- 
ens after they were fed mash containing 
100 and 1,000 p.p.m. of Malathion for ten 
weeks. At a level of 5,000 p.p.m. of Mala- 
thion in the mash or an average consump- 
tion of 450 mg. per kilogram of body 
weight per day these investigators found 
that chickens showed definite signs of tox- 
icity such as retarded growth, poor feath- 
ering, soft droppings, weakness of the legs, 
and paralysis. 

Chlorinated hydrocarbon. McCune et 
al. (1962) reported hydropericardium and 
ascites in chicks fed a chlorinated hydro- 
carbon. Investigation of this compound 
was prompted by the observation that 
chicks reared in a battery freshly painted 
with an epoxy-resin paint developed ascites 
and hydropericardium similar to the lesions 
found in the “toxic fat" syndrome. Various 
fractions of the paint were mixed with 
the mash and it was found that the major 
toxic product was chlorinated biphenyl 
which was added to the paint as a plas- 
ticizer. 

Feeding 0.04 per cent biphenyl in the 
feed produced symptoms and mortality 
starting at 3 weeks of age and reaching 
major proportions during the fourth week. 
Affected chicks had labored respiration and 
rales. At necropsy the abdominal cavity 
was distended with fluid and hydroperi- 
cardium was present. The crops of several 
birds contained bloody fluid. The kidneys 
Were swollen and pale in most chicks but 
m the advanced stages many were hemor- 
rhagic Some livers were enlarged and 
mottled in appearance. The lungs were 
commonly hydropic and hemorrhagic. A 
yellow gelatinous transudate svas frequently 
found under the skin and within the body 
cavity. 

Thiophosphaie poisoning. A commercial 
mlophosphate spray (Diazinon) used for 
mscct control [troved to be highly toxic 
for White Pekin ducks. The youngest 
o>rds. 8 and 15 days old, suffered 100 per 
cent mortality 1 hour after the spraying 
operations were completed. The mortality 
of the older birds, 22 to 36 days of age. 


was 50 per cent in 5 hours and an addi- 
tional loss of 25 per cent within the next 
24 hours. 

The only clinical manifestations ob- 
served were inability to stand and tremors 
of the head and neck. Pathologic tissue 
changes were confined to acute congestion 
of the lungs. According to Dougherty 
(1957), diagnosis by lesions or clinical 
laboratory tests is difficult if not impos- 
sible. 


The lethal dose per os for Malatliion, 
a less toxic thiophosphate preparation, is 
1,100 mg. per kilogram and for Diazinon 
is 14 mg. per kilogram in White Pekin 
ducklings under experimental conditions. 
The intratracheal lethal dose is 600 mg. 
per kilogram for Malathion and 6 mg. per 
kilogram for Diazinon. Insecticides con- 
sidered safe for chickens or other gal- 
linaceous birds may be highly toxic for 
other species. 

Carbon monoxide. Severe losses in chicks 


and turkey poults may be caused by ca^ 
bon monoxide poisoning, primarily due 
to poorly ventilated brooders or tlic re- 
sult of defective coal or oil heating units. 
Adequate ventilation of brooders and 
housing facilities is an important factor 
in poultry management. Accumulation of 
carbon monoxide may prove faul to entire 
units of young birds before the condition 
is discovered. The symptoms of acute car- 
bon monoxide poisoning include restless- 
ness, drowsiness, stupor, labored breatli- 
ing, and incoordination. As the toxemia 
progresses, die birds gasp, fall, and lie on 
tlieir sides widi heads thrown back. They 
commonly develop spasms or convulsions 
prior to death. Many acutely affected birds 
recover when removed to fresh air. In 
subacute cases, the feathers may appear 
rough, the appetite is diminished, and 
evidence of nutritional disturbances is 
manifested by retarded development and 
growth. Stiles (1910b) found that O.&l to 
0 05 per cent carbon monoxide is sufficicm 
to produce definite toxic reactions. The 
prindpal lesion observed in acute caibon 
monoxide yroisoning is the 
red olor of the lungs and blood. The 
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only from about July first to the middle 
of August. He reported losses in mature 
fowls following the ingestion of black 
locust leaves. The toxic material produces 
a severe hemorrhagic enteritis, follovred 
by depiession. paralysis, and death in 12 
to 24 hours. 

Com cockle. The corn cockle (Argo- 
slemma githago) is a weed which grows 
in wheat fields throughout the world. The 
seeds of this plant are highly toxic. The 
whole cockle seed is very unpalatable and 
is usually avoided by birds, but in ground 
grain mixtures it may be consumed in 
sufficient quantities to produce a fatal 
toxemia. Quigley and Waite (1931) 
found the toxic dose to be about 0.2 per 
cent of the body weight and the minimum 
lethal dose 0.25 per cent of the body 
weight of fowls. Heuser and Schumacher 
(1941) reported that 5 per cent of the 
ration or 0.3 per cent of the body weight 
was toxic for chickens 6 to 10 weeks old. 
They found that a tolerance to the poison 
is frequently developed so that 0.4 to 0.5 
per cent body weight could be consumed 
without materially affecting the growth- 
Tcn per cent of die ration or 0.8 per cent 
body weight was lethal to some of their 
experimental fowls. 

The clinical symptoms observed are a 
decided decrease in the respiration and 
heart rate, caseous lesions on the mucous 
membranes of the mouth, and diarrhea, the 
severity of which depends on the amount 
of toxic feed consumed. The lesions in- 
clude jellow caseous exudate on the lining 
of the CTop and varying degrees of gastro- 
enteritis. Accumulations of clear amber 
fluid under the serosa of the digestive 
tract and in the pericardium, hemor- 
rhages, and congested areas on die heart 
may be observed. Various degrees of con- 
gestion may be encountered together with 
degenerative ch.ingcs in the li\er. 

Cottonseed meal. The actisc principle 
of cottonseed products which is toxic to 
both animals and birds is gossypol. Cotton- 
seed meal has been used as a protein sup- 
plement in stock feed for many jears, and 
•f properly used in a mixed grain ration 


is a valuable and economic protein sup- 
plement. Excessive quantities, however, 
produce toxic effects often terminating in 
deadi. Kaupp (1933) studied die toxic 
properties of cottonseed meal for poultiy. 
He concluded that toxic effects were soon 
observed in birds consuming 1 ounce of 
cottonseed meal daily or its equivalent in 
gossypol. Clinical symptoms of generalized 
toxemia appear widi loss of appetite, 
cyanosis, and emaciation, followed by 
death in a few days after ilie appearance 
of the first clinical symptoms. The lesions 
include cyanotic appearance of the comb 
and wattles, varying degrees of gastro- 
enteritis, and degenerative changes in die 
liver and kidneys. 

Coyotillo. Losses in poultry by the con- 
sumption of the fruit and seed of the 
coyotillo plant (Karwinskia humboldliana) 
have been reported, This plant is in- 
digenous to southwestern Texas and 
Nfexico. Marsh .ind associates (1928) re- 
ported that the clinical symptoms of this 
form of poisoning do not appear foi 
several days and may appear as late as 3 
weeks after the ingestion of the toxic sub- 
stance. The toxic dose for diickcns was 
found to be 0.3 per cent or more of tlie 
live weight, fed as dried fruit or seed. 
Symptoms of generalized toxemia appear, 
followed by progressive paralysis and 
dcaUi. 

Crotalaria seed. The toxicity of certain 
species of crotalaria seeds for the chicken, 
quail, and dove was reported by Thomas 
(1934). Turkeys appeared to be more re- 
sistant to their toxins. However, crotalaria 
poisoning was not a serious problem until 
the introduction of mechanical pickers for 
corn and soybeans and the intensive use 
of crotalaria in the Southeast to increase 
the humus and nitrogen content of die 
soil (Kelley el al., 19G1; Smith and Os- 
borne. I9G2). Aldiough there arc hundreds 
of species of crotalaria. Smith .and Osborne 
(I9C2) rcjwrted only a few arc toxic for 
poultry. Crotalaria spectabilis appears to 
be die most toxic species for poultry, but 
C. giant ilriala was found to.xic by Kelley 
et al. (1961), and Emmcl (1937b) found C 
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retusa toxic for chickens The small seeds 
are black or gecnish brown with a smooth 
surface anti ha\e a characteristic mitten 
sliapc (Fig -10.15). A toxic alkaloid knoivn 
as monocroialin was extracted from Cro- 
lalaria ipectabilis seed by Thomas <i at. 
(1935). Under experimental conditions 
Kelley el al. (19G1) found that 1 per cent 
of C. spcctabiUs in the diet of day.old 
chicks killed all the chicks by 1 weeks of 
age. Studies by Bicrcr et a!. (19G0) shosved 
that 0.2 of a pound of Crotalaria specta- 


bills seeds per ton of feed (0.01 per cent) 
was toxic for chickens. 

Caylor (1961) found that 0.05 per cent 
Ctotalaria spectabilis in the feed lowered 
production after 4 weeks and had a pro- 
nounced effect by 6 weeks. At a 0.1 per 
cent level, production practically ceased by 
G weeks. These results showing the effect 
of Crolalarta sp. on egg production were 
confirmed by Harms et al. (1963). They 
also observed that the inclusion of 64 
Crotalaria spectabilis seeds per pound of 
feed tor 9 weeks did not cause mortality 
in pullets. 

Poisoning may occur in the acute or 
chronic form, terminating fatally in from 
I day to several months. Affected chicks 
become droopy, inactive, and have ruffled 
feathers. There is a tendency for the birds 
to huddle, and feed consumption decreases. 
Growth is retarded and the birds are 
stunted and inactive (Fig. 40.16). Birds 
with accumulations of abdominal fluid 
manifest a ducklike attitude when walking. 
In mature birds the comb and wattles are 
pale and egg production gradually drops 
with a corresponding inaease in mortality. 

The type and extent of the lesions vary 
with the duration of the condition and 
the age of the birds. Young birds may 
have subcutaneous edema and ascites. Hy- 
dropericardium may be present occasion- 
ally but is not a prominent lesion. Early 
in the course of the disease the liver is 


flG. 40.16 - Crolo. 
latia tp*<tobilis poi- 
toning. Nola tiunling 
of tho chick on th« 
right compered with 
normal chick on the 
left. 
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FIG. 40.17 — Crololarla 
spectabilis poisoning In a 
2*week>old chick. Tho vis- 
ible lobe of the liver Is 
yellow and otrophled and 
the other lobe is covered 
by oscitlc fluid. 


swollen and mahogany colored but later 
becomes atrophied and cirrhotic (Fig. 
40.17). Mature birds may die acutely from 
massive hemorrhage from the liver. Lesions 
described by Emmel (1937a) were numerous 
petechiae in tlie serous membranes and 
visceral fat (Fig. 40.18). The liver is 



Flo. 40.18 — Hemorrhages of the eplcordiora 
ond myocardium in acute Crotolorio specfobili* 
seed poisoiting In a chicken. (Emmel, Jowr. 


mottled and the kidneys show evidence of 
nephritis. Simpson ct al. (1963) reported 
that the most prominent lesions in poults 
were focal or diffuse hemorrhages visible 
on tlte surface of the liver and extending 
into the parench)ina. Hemorrhages were 
also present on the epicartUum and in the 
pectoral musculature. 

Simpson et al. (1963) found at necropsy 
of pullets 01.11 had been led Crotalaria- 
contaminated diets for nine weeks that 
ihe walls of the pericardial sac and air 
sacs were thickened. The lungs were 
edematous and the wall of the proven- 
iriculus was thickened. The livers iscre 
cither dark and swollen or atrophied, 
knobby, and grayish tan. Tlie spleens were 
ssvollen and pulpy. 

Histopalhological clianges reported by 
Kelley et al. (1961) and Simpson et al. 
(|9G3) are most prominent in (he liver. 
There is a fibrous thickening of the liver 
capsule and vacuolation or granular de- 
gcttcraiion of Ute hepatic cells. Productive 
tissue changes are present in the region of 
the portal triad associated with bile duct 
hyperplasia and increased connective tis- 
sue. Occlusion of the small brandies of 
the portal veins is caused by swollen en- 
dothelial cells and subcndodielial edenu. 
The kidneys m.iy have interstitial edenu, 



1240 


M. C. PECKHAM 


dilatation of Bowman’s space, and hyaline 
casts in some tubules. In tlic spleen there 
is a depletion of the splenic corpuscles 
and necrosis of persistent germinal centers. 
Occasionally there is a lymphocytic in 
terstitial myocarditis and separation of 
myocardial fibers by edema. Hypoplasia 
of the bone marrow is found in chicks. 

In young birds, the lesions produced by 
Crotalaria poisoning resemble those pro- 
duced by "toxic fat." salt poisoning, crcsol 
poisoning, and alimentary exudaiixe diath- 
esis. Tissues from affected birds and the 
suspected feed sample can be analyrrd for 
the presence of monocrotalin. the loxic 
alkaloid in Crolalana spectabilis seed In 
acute cases of poisoning the presence of 
the characteristic mittcn shaped scetls in 
*e crop or girrard aid in mating a diac- 
nosis. ® 


Daubcntoiiia seed,. The Daubcnionia 
(D^ubmloma /oiigi/oim), aiso called die 
Sesbama, i, a nathc o! Mexico but „a, 
introduced to tbe southern states as an 
ornamental shrub. The seeds of this plant 
are readily eaten by poultry and are ex- 
demely toxic According to Shcaly and 
Thomas (1928), the ingestion of as few 

The first clinical symptoms obsersed arc 
a staggering gait, accompanied by dtooo 
mg of the wings. Depression, general do- 
bllily, and unthnftiness soon become an- 

ThTh'' 'n™’’ cyanotic, and 

the head may hang over to one side Mus- 
cular twitching, diarrhea, emacialion, and 
extreme weakness are followed by death in 
24 to 72 hours after the appearance of the 
first symptoms. The lesion, include ,e,„e 
gastroenteritis with ulceration of the nr^ 
ventnculus and gizzard together with de- 
generative changes of the liver 
Death camas. The death cama. belong 
to the genus Zygadenus, and the membem 
of this genus, according „ Marsh e, 
(1915), generally conceded to be poison 
ous are Z. glaberrimus, Z. inUrmeFus Z 
mexicanus, Z. nuttallii, Z. panicuhim ’and 
Z. venenosus. Niemann (1928) reponed 
an outbreak of poisoning in the domestic 
fowl due to the ingestion of 2 . nuttalUi 


This plant is not xery palatable and is 
only eaten by fowls on Uie range in the 
early spring and late fall xvhen oilier green 
feed is comparatixely scarce. Experimental 
feedings of 5 to 10 grams to cliickens pro- 
duced marked clinical s)mptoms in 12 
hours, including salivation, incoordina- 
tion, muscular xscakness, and diarrhea, 
folloxted by prostration and tlealh. No 
ilcfiiiitc lesions are associated sviih this 
t)j)e of poisoning. A strong, penetrating. 
<Us.igrccablc odor from the internal organs 
xsas noted, and muscular atrophy was ob- 
serxed. The mesenteric and abdominal 
blood vessels ajjpeared congested. The 
lumen of ilic digestive tract was noticeably 
slmiiiiished in she. 

Clottidium seed. Glottidiurn veficarium 
(Jacq.) Harper is quite common along 
Uic coastal plain from North Carolina to 
rlorida and Texas, having been intro- 
duced from the West Indies. The seeds 
of this plant are toxic for poultiy. Under 
ordinary conditions fowls do not select 
these seeds as food but if underfed may 
consume sufTicieni quantities to be toxic 
Emmcl (1935) produced loxic effects by 
experimental feeding of G. vesicariutn 
seeds to fowls. The clinical symptoms in 
acute poisoning are prostration, and cya- 
nottc appearance of comb and w.xttle$ 
accompanied by diarrhea. In dironic cases 
the feathers become rulTled, copious yel- 
low diarrhea persists, and the birds may 
become emaciated. The combs appear light 
*n color and become scaly. The most 
c uracteristic lesions observed include 
ne^tic enteritis, necrotic areas in the 
tntng of the gizzard, and degenerative 
ranges in the liver and kidneys. 

Vetch seed. Reports of toxicity as die re- 
sult of feeding large quantities of vetch 
to chickens are recorded in the litera- 
ure. Little reliable information can be 
secui^ on the toxic principles of the 
wtches from the reports published either 
m this country or abroad. Numerous in- 
“ ^ts^ of poisoning, commonly referred 
, . isthyrism," are recorded in which 
buw show severe central nervous dis- 
“r ances including spasmodic convul- 
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sions, paresis, and deaUi following the use 
of large quantities of Laili)rus peas in Uie 
feed, Stockman (1031) regarded ilte na- 
ture of this toxic reaction highly coniro' 
scrsial. Anderson and his associates (1925) 
indicated that the seed of Lalhyrus sativus 
is not toxic unless contaminated by seeds of 
a variety of \etdi, Vida saliva !>., var. 
anguslifolia. Horvalli (1915) reported that 
the setchling (Lalhyrus cicera), when fed 
as a sole food, seemed to exert a toxic effect 
on hens, resulting in a loss of weighL No 
characteristic pathologic lesions were pro- 
duced. Harper and Arscott (1962) reported 
that the seed of common vetch, Vida saliva, 
was toxic and lethal when fed at levels of 
20 to 40 per cent in practical type rations 
to poults and chicks. At die 30 per cent 
le\el, 70 per cent mortality occurred in 
the poults and 100 per cent occurred in 
the chicks within one to lour weeks after 
feeding the toxic mash. Autoclaving the 
pound vetch seed for 8 iioun reduced tox- 
icity and significantly improved growth. 
The secil of hairy vetcit, Vida vtllosa, was 
less toxic for poults and cliicks. Several 
varieties of vetch seed contain a c)anogenic 
glucostde, “vicianin,” which is decomposed 
hy an enzyme (vicinasc) into hydrocyanic 
acid, bcnzaldeliyde. and a disaccharide 
(vicianosc). It is possible that large quan- 
tities of such feed could cause considerable 
loss in a flock of birds. 

Milkweed. Two of our common species 
of milkvsecd, Asclepias lubnosa and A. 
incamala, contain the bitter ghicosi«Ir 
asclcpidin. whidi apparently is toxic to 
aniinals and birds. Pamnicl (1911) in- 
cludes A. veslita and .1. rnexicana in the 
list of U)xic si>ecics of the milkwcc*! 
family. Canipbcll (1931) rejsortcvl serious 
lovies in [wtiliry caused by the consinnp- 
tioii of the narrow-leaved, whorltd milk- 
'*ccvl. ,f. rnexicana. Exjwinicntal imcsii- 
gations iiulinitcd that all parts of the plant 
arc toxic. Panimrl (1917) tcjjortcd milk 
weed jsoivoning in chickens resulting in 
the loss of appioximatcl) 500 birds. Stiles 
(1512) reported extenttse hisics in tur- 
key i>ouIis resulting from the consmisption 
f*l vtliorlcd uiilkvicsrd (AsdepCas grit- 


aides). Poultry, as well as other s{>ecics of 
liscsiock. are not likely to cat milkweed 
except when it is the only succulent feed 
available. 

The clinical symptoms may vary con- 
siderably, depending on tlic quantity of 
tire toxic m.aterial eaten. The first symp- 
tom observed was lameness whidr de- 
veloped rapidly into complete loss of 
muscular control The neck became 
twisted and the head drawn back. Tire 
aficcccci birds often lay on their sternums 
or sat on tJieir hocks alternately extending 
and retracting tlicir heads at frequent in- 
tervals. This condition did not seem to be 
a true paralysis but apjsearcd to be an 
overstimulation of the motor nerve cen 
lers widi complete iou of coordination. 
At limes the birds would fall over and 
struggle, with violent convulsive move- 
ments of the legs. In some instances Uie 
symptoms gradually subsided, followed by 
recovery. In fatal cases the syinpiomi Ise- 
fame progressively worse, followrcd by 
prostration, coma, and death. No charac- 
teristic lesions were found upon necropsy. 

Nightshade. The black nightsliade (So- 
lanum nigrum) is a common weed in 
yards and poor pasitire land. The imma- 
ture fruit of this plant contains the alka- 
loids solanin and solanidiii whicii arc 
toxic to man and animals. The toxidty of 
ihc plants is believed to be influenced by 
ihc soil, diniaie, and drgiec of plant ma- 
turity. Hansen (1925) reported fatal (nu- 
soning in chickens and ducks aitnbiitcd 
to black nightshade. The clinical synip 
toms include incooidinaiion, prnsiiaiion. 
paralysis, and death. The pupils of the 
eyes may be dilated. No cbaractcrJinc Ic 
siuiu are ic|>ortctl except evidence of 
severe toxemia. 

Lily of the valley and edeandrr. The 
ikiwris, leaves, and stems of the lily of she 
valley {Cuusalbiia ma/a/ii) and the 
leaves of the oleander (AVrrum olfaiuler) 
were rc|MjrteJ by lUnlosi (1939) to be 
iwisonuus for geeve. ducks, and hens. The 
Illy of UiC valley flowers vicre found to 
l»c lethal to serve in doses of 13 grams and 
lo ducks in cloves of 12 giami, Doks of 50 
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grams produced only a mild enterilis in 
mature chicVens. 

The dried leases of the oleander plant 
of the previous season’s grosvth proved 
fatal to geese in 24 hours after the inges- 
tion of 6 grams. The lethal dose for ducks 
was found to be 3 grams. The young leaves 
of this plant proved fatal to hens in doses 
of 15 grams. Hinshaw reported losses in 
turkey poults within 24 hours as tire result 
of eating young shoots of oleander. The 
postmortem examination of the poults 
showed hemorrhagic enteritis. (See chapter 
on Diseases of the Turkey.) 

The clinical symptoms of oleander poi- 
soning include general depression, weak- 
ness, diarrhea, accelerated heart rate, im- 
paired vision, muscular incoordination, 
and m some instances paralysis of the 
wings. Various degrees of gastroenteritis 
and liter degeneration occur in fatal cases. 

Potatoes. Under certain conditions the 
potato (Solonum tuberosum) is poisonous 
to domesticated animals and poultry. 
Greened tubers, produced by exposure to 
light, and young potato sprouts contain 
considerable amounts of the alkaloid 
solanin which is highly toxic Analyses 
have shown that the solanin content of the 
sprouts and peelings is higher than that 
of the interior of the tuber. Hansen 
(1927) reported several outbreaks of poi- 
soning in poultry rcsuliing from the in- 
gestion of potato sprouts. Losses occurred 
within a few hours after the consumption 
of die toxic sprouts. Temperton ( 1944 ) 
reported losses in ducks as the result of 
eating either cooked or uncooked sprouted 
jwtatocs. This type of poisoning is similar 
to that of poisoning by other plants of 
die nightshade family. However, where 
large amounts of potatoes are fed to poul- 
try, it is advisable as a safety measure to 
cook green or sprouted potatoes and to 
discard the residual water. From the stand- 
point of nutrition, raw potato starch is 
poorly digested by poultry, and cooking 
will result in a more cfTicient utilization 
of this type of feed. 

Tobacco. The tobacco plant (Ntcotiana 


tobacum L.) contains the toxic alkaloid 
nicotine. Hunter and associates (1951, 
1934 ) reported that growing chicks over 
S weeks of age can tolerate as much as 
0.08 per cent nicotine in the ration with- 
out any toxic reaction. The feeding of the 
same nicotine levels in the form of ground 
agar clippings having only 0.86 per cent 
nicotine content retarded the growth and 
development of chicks, causing some losses. 
Toxic doses of tobacco produce similar 
reactions to those of nicotine sulfate poi- 
soning. 

Algae. Certain types of algae, including 
the Microcystis aeruginosa, which grow 
abundantly in lakes under certain condi- 
tions, may become concentrated in local- 
ized areas by the action of strong winds 
blowing the surface of the water in one 
direction for a number of days. Great 
quantities of algae are deposited on the 
banks and in the shallow waters along 
the shore line. The disintegration of this 
material produces toxins which are re- 
sponsible for the loss of various species of 
wildlife as well as domesticated animals 
and birds. This condition has frequently 
been called "water bloom.” Fitch and his 
associates (1929) reported losses of live- 
stock from this cause in Minnesota. Bran- 
denburg and Shigley (1947) reported this 
condition in North Dakota. It has also 
been reported in northern Iowa and in 
parts of Canada. It usually occurs in the 
latter pan of July, August, and Septem- 
ber. The exact nature of the toxin is not 
known at the present time. Apparently, 
the toxin is an intermediate product of 
disintegration, as these toxic properties 
disappear during the latter stages of de- 
composition. 

The toxicity of this material is directly 
propoitiotral to the concentration. Some 
waters taken from the shores of lakes arc 
extremely toxic to birds and animals. 11*^' 
dec experimental conditions, oral dosages 
of 10 cc. to 30 cc will produce death in 
mature ducks and chickens in 10 to 45 
minutes. The toxin is thermostable and 
is affected little, if any, by boiling. The 
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s)mptoms include restlessness, twitching 
of muscles, nervous manifestations, spasms, 
convulsions, paralysis, and death. These 
clinical manifestations resemble strych- 
nine poisoning in many respects. The 
postmortem lesions include generalized 
cyanosis; dark, tar-colored blood; liver 
congested and dark in color; heart dilated 
and distended; muscles also congested and 
dark in color. No characteristic hemor- 
rhages are observed. Ashworth and Mason 
(1946) described in detail the symptoms 
and lesions associated with algae poison- 
ing in laboratory animals. 

Because of the highly toxic nature of 
this material and the rapidity witli which 
>t acts, there are no therapeutic measures 
effectise. Poultry should be restricted to 
areas free from toxic material. 

Nontoxic algae may be responsible for 
considerable losses in young chickens. The 
mature birds are seldom aiTected, but tlie 
young chicks whidi wade out along the 
shore line and feed on insects alighting 
on the floating scum or masses of algae, 
invariably swallosv various amounts of this 
material. This scum becomes lodged in 
the nostrils as well as tlie digestive and 
respiratory passages, causing strangulation 
and suffocation. Symptoms characteristic 
of strangulation are observed. Postmortem 
examination reveals obstruction of Uic 
nostrils and respiratory passages as well 
as those of the digestive tract. 

Losses of poultry associated with the 
ingestion of algae should be investigated 
at once. Tlie toxicity of algae can be de- 
termined readily by injecting 2 cc or more 
of a sample filtered tlirough gauze, inlra- 
pcriioneally into laboratory animals or 
chickens. Toxic materia! will produce 
t)l>ic3l clinical symptoms in a short time 
and death wiiliin an hour or so. A prompt 
determination of toxicity may prevent 
serious losses to all species of livcsiock- 

INSEaS 

Insects of various kinds annoy pouJuy 
and act as intennediate hosts for jvoultry 
parasites, but only a fevs* of those eaten by 


birds are considered poisonous. Only one 
insect is desaibed whidi, if eaten in suf- 
ficieni numbers, produces a severe toxic 
reaction in chickens, i,c., the rose diafer. 

Rose chafer. Rose chafers (Macrodacty- 
lus subspinosus) are abundant during the 
latter part of May and June, and early 
July in Canada and the eastern United 
States extending as far veest as Colorado. 
The toxic properties of tliis insect for 
diickcns have been reported by Bates 
(1916), Gallagher (1920), and Lamson 
(1916, 1922). Fatal cases of poisoning in 
young chickens of various ages have been 
rccoided, but mature fowls are seldom 
killed. Chickens will feed ravenously upon 
these insccu if available, and 15 to 20 
rose chafers are sufficient to kill a chicken 
1 week old, vvhile birds about 3 weeks of 
age show a toxic reaction after eating 25 
to 45 of iJiese insects, A fatal reaction 
usually results in 21 hours, or tlic birds 
gradually recover. \\'atcry extracts made 
from cruslicd rose chafen proved toxic 
when administered to chickens. Lamson 
was of the opinion dial the poisonous 
principle is a ncurotoxin which has a 
direct effect on the heart action. 

The clinical symptoms include drowsi- 
ness, incoordination, weakness, prostration, 
convulsions, and retraction of head and 
neck over the back of die affected diickcn. 
Death usually occurs in less dian 21 hours 
subsequent to eating rose diafcrs or from 
to I hour after die api>c.'irance of the 
first symptoms. The postmortem exami- 
nations fail to show diaractcristic lesions 
other than injection of the blood vessels 
of die heart in some cases. 

MISCEIUNEOUS FOOD POISONS 
Selenium. Toxic re-iciions from eating 
grains grown in certain limited areas, due 
to specific toxic mineral consliiucnti, have 
been tejwrtcd by Fnmkc and associates 
(1931) in parts of South Dakotx Tlic so- 
called alkali disease was found to be due 
to die high selenium coniciu of the grain 
grown in that locality. Losses of livestock 
from selenium |>oisoning vtcre icjsorted 
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by Moxon (1937). Studies at the South 
Dakota Experiment Station indicated that 
toxic grains fed to laying hens at levels 
which contained 15 p.p.m. of selenium re- 
sulted in reduced weight, caused a decided 
reduction in egg size, and practically de- 
stroyed the hatchability. According to 
Poley and associates (1937), the feeding of 
5 p.p.m. of selenium did not appreciably 
affect the hatchability even though some 
evidence of selenium poisoning was appar- 
ent. 

Toxic fat syndrome. During the fall of 
1957, severe outbreaks of a new disease 
syndrome characterized by ascites, hydro- 
pericardium, and subcutaneous edema oc- 
curred in broilers in the central and south- 
eastern United States. Schmittle et al 
(1958) and Sanger et al. (1958) reported on 
clinical observations and laboratory find- 
ings. They determined that certain samples 
of fat or feed containing this fat would pro- 
duce the edematous condition when fed to 
chickens. Wannop and Chubb (1961) in 
Great Britain reported a syndrome charac- 
terized by ascites and hydropericardium in 
broilers. They indicated that fat had been 
added to die feed. Alexander cl ai (1962) 
reported that the source of the toxic factor 
was traced to specific lots of feed grade 
animal fats containing a residue from some 
fat-processing operations. They further in- 
dicated that it was believed that the residue 
contained either a contaminant, or, in the 
course of the fat processing, a new com- 
pound was formed which was toxic for 
chicks. Investigation by Friedman (1962) 
indicated that some vegetable fat sources 
may yield fatty acids contaminated with the 
chick edema factor. 

Signs. Clinical signs may appear as early 
as 3 weeks of age and are manifested by 
dyspnea, ruffled feathers, droopiness, palt 
ness, stunting, and sudden death. Some of 
the chicks may have a waddling, unsteady 
gait or a penguinlike posture. Blood counts 
reveal a marked anemia, and Simpson et 
ai (1959) reported erythrocyte counts as 
low as 800,000 per cubic millimeter. In 
blood smears, immature erytlirocytes can be 


seen. Mortality as high as 90 per cent has 
been leported. 

Lesions. Birds in the advanced stages 
of the disease have large, fluctuating, 
distended abdomens containing dear straw- 
colored fluid with large fibrinous clots 
(Fig. 40.19). Subcutaneous edema occurs 
in the region of the breast, abdomen, and 
thighs. The most consistent lesion is a 
greatly distended pericardial sac filled with 
amber-colored fluid (Fig. 40.20). The heart 
is slightly enlarged and the myocardium is 
pale. Occasionally, petechiae may be pres- 
ent in the myocardium. Hemorrhages may 
occur in the skeletal muscles but are not 
a constant feature of the disease. The crop 
contents may be bloody and the buccal 
cavity, beak, and head region may be 
blood stained. The lesions in the liver are 
variable depending upon the duration of 
the condition. A removable layer of yel- 
low coagulated serum may cover the sur- 
face (Fig. 40.21). In the early stages the 
liver is enlarged and mottled with irregu- 
lar, diffuse, lighter-colored areas resembling 
fatty change interspersed with red streaks 
or patches. In chronic cases, the liver is 
shrunken, nodular, firm, and has a nut* 



^ ~ loxic fat syndroms. Severe aseite* 
in a 7-week-oId chicken. 
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FIG. 40.20 — Toxic fot 
$/ndrome. Morked dli* 
tension of the perlcordiol 
soe with fluid. 



meg or bronze color. The kidneys arc pale, 
swollen, with occasional hemorrhage oc- 
curring beneath the capsule of the anterior 
lobes. 

Effect on pullets and layers. Dunahoo 

al. (1959) studied the effect of toxic fat 
in the rations of laying hens and pullets. 
Pullets receiving a diet containing 5 per 
cent toxic fat from the twelfth to the 
fourteenth week of age came into produc- 
tion two weeks later than the controls. 


Their rate of production was 20 per cent 
below that of the controls and liatclia- 
biliiy was decreased. Pullets receiving 5 
per cent toxic fat in Uic ration for 61 days 
did not come into production. The growth 
rate of these pullets was depressed by feed- 
ing toxic fat. Sixty-seven per cent of the 
birds receiving toxic fat for the full grow- 
ing period died during the course of Uic 
experiment. Birds that died before lay- 
ing age fiequcntly had hydropcricardium, 




1246 


M. C. PECKHAM 


whereas this lesion was rarely present in 
birds of laying age. Other lesions were 
ascites, enlarged and ruptured livers, and 
pale, swollen kidneys. Laying birds fed 5 
per cent toxic fat in the ration practically 
ceased production in 2 weeks time. The 
hatchability of eggs from birds fed toxic 
fat was very low. Production was only 
slightly improved 6 tveeks after the feeding 
of the toxic fat had been discontinued. 

Effect on cockerels. Allen and Lalich 
(1962) reported testicular hypoplasia in 
cockerels following prolonged feeding of 
toxic fat at a level of 0 25 per cent in the 
diet. The rate of growth was not appre- 
ciably affected tvhen tliis concentration of 
toxic fat was fed. Despite the testicular 
hypoplasia, the manifestation of such sec- 
ondary sex characters as comb site and 
body conformation was not delayed. Toxic 
fat at levels of 0.5 and 1.0 per cent in the 
feed caused testicular hypoplasia in con- 
junction with ascites and hydropericar- 
dium, ^Vhereas, when the level of toxic 
fat was reduced to 0 25 per cent, ascites 
and hydropericardium were markedly re- 
duced but retarded testicular development 
was found consistently. 

Other species. Simpson et al. (1959) in- 
dicated that clinical cases occurred in tur- 
keys as well as chickens but Sanger et al. 
(1958) stated that according to all rerwrts 
the disease was confined to chickens, ^ar 
et al. (1958) fed 4 per cent toxic fat to 
ducks and turkeys for 6 and II weeks re- 
spectively but failed to produce any pro- 
nounced signs or lesions of the disease. 

Histopatholo^. Simpson et al. (1959) 
and Sanger et al. (1958) described the his- 
tological changes found in the toxic fat 
syndrome. Liver lesions consisted of areas 
of focal necrosis, cellular degeneration, and 
numerous petechiae. Bile duct proliferation 
was evident and there were accumulations 
of crystallized bile salu in the bile ducts 
In advanced cases there was destruction 
of nearly all the liver cells which was ac- 
companied by fibrosis and infiltration of 
heterophiles and lymphocytes. Heart le- 
sions were myocardial degeneration and 
separation of the muscle fibers, with focal 


hemorrhages, and lymphocytic infiltration. 
The kidneys had interstitial edema and 
enlarged glomeruli that were bloodless due 
to the proliferation and swelling of the 
endothelial cells. Vascular lesions in most 
tissues were an endotheliosis consisting of 
proliferation and hypertrophy of the en- 
dothelial cells of arterioles. Hyaline casts 
and fibrin were present in some kidney 
tubules. 

Studies on the toxic factors. Ott el al. 
(1961) described a chick assay procedure 
for the edema-producing factor in toxic 
fat. Detectable hydropericardium was pro- 
duced by feeding 7 parts of pure edema- 
producing factor per billion parts of diet 
in a 20-day feeding period. Mortality was 
caused when 64 or more parts of the pure 
factor were present per billion parts of 
diet. On the basis of comparative assay 
results it was concluded that the concen- 
tration of the pure factor in the toxic fat 
standard was approximately 0.5 p.p.m. 
After a 21-month holding period, the toxic 
fat svas calculated to be 72 per cent as 
toxic as it was initially. This compara- 
tively small loss in the activity of the chick 
edema factor indicates it is very stable in 
toxic fat. 

Wootton et al. (1962) reported the isola- 
tion of three hydropericardium-producing 
factors from a toxic fat. Two of the com- 
pounds were isolated in a pure form. In- 
vestigaiion indicated they possessed a high 
melting point and high molecular weight. 
It was also determined that they were 
cp-stalline compounds containing six chlo- 
rine atoms per mole and appeared to have 
an aromatic nucleus. 

diagnosis. In making a differential diag- 
nosis of the toxic fat syndrome it would 
he necessary to eliminate the possibility 
of c^ol poisoning, salt poisoning, cro- 
talaria poisoning, and exudative diathesis. 

Cresol poisoning is only of sporadic oc- 
currence in an occasional flock. A careful 
history of the case would reveal that a 
cresol disinfectant had been used prior to 
housing the flock. 

Salt poisoning caused by excessive 
amounu of NaCl in the feed or water 
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could be delected by analysis of these 
dietary components for their salt content. 
Sanger el al. (1958) indicated tliai the ex- 
treme User necrosis found in the toxic fat 
s)ndromc was not found in salt poisoning. 

Croialaria poisoning would be more 
likely to occur in those regions where 
CTotalaria is grown and therefore would 
tend to be regional in occurrence. Feed 
suspeaed of containing Crotalaria spec- 
labilis could be analyzed for the toxic 
alkaloid monocrotalin. 

Tile paucity of reports describing na- 
turally occurring cases of exudatise diaih- 
ois would indicate that this condition 
is rarely seen in the field. Tlie marked 
User changes found in eases of toxic fat 
poisoning have not been described for 
\iumin E deficiency. In field cases of e.x- 
udative diathesis, Thompson and Smith 
(1953) described muscular dystrophy of 
the skeletal muscles and mjopathy of the 
gtuard muscle, In addition, microscopic 
examination of the brain revealed cerebral 
and hemorrhage. Ascites and 
Biarkcd hjdropericardium, a constant fea- 
ture of the toxic fat $)ndrome. are not 
mentioned as prominent changes in exu- 
Jathc diathesis. Controlled fcctling trials 
using supplementary \itamin E would de- 
termine s\hethcr this vitamin was inxohcd 
‘n the disease in question. 

If the conditions resembling toxic fat 
tjndrome can Ire eliminated, tlien a pre- 
suinpiivc diagnosis can be maslc on the 
of history, signs, and gross and mi- 
rrojtopic lesions. If fat still rcmaincsl from 
•he lot that s*-3s used in the suspect feed 
* bioasuy detemtination niuld l>c per- 
foniinj hy feeding this fat to das-oM 
rhiiki. The dcselojimenl of h)diopcricar- 
diutji and ascites folloviing the fcofing of 
the suq)cct fat uould indicate its toxicsij. 


Protein |)oLsoning. Protein [xiisoning in 
|souItrv mas l.c Ixnh quaittilatisc and 
quahtaitse. jiii] (19i0) [xiints out the 
harmful effects of cxccssisc protein in the 
ration The climcal isniptoms c.msed bs 
exccssise amounts of protein arc those of 
gencralucd toxrniu including depression, 
leg urakness. prostration, and coma, fol- 
lowed bv death This [troblem is priunirits 
one of in.inagcmcnt. and losses from tins 
cause can be prevented bs using projwriv 
balanced rations. 

Birds iiuy also be poisoncsl b) the in- 
gestion of proteins of poor quality such 
at partly slccomjsosed footit. Decomposed 
proteins ficquently prove toxic if fed in 
sulficicnt araoiinii. It is liclicscd that the 
protloctt of diiinicgration arc rcsjximdilc 
for the toxic ic.iciit)n, i>hich is not neiev 
sarilv associated ivjth bactetiai toxins 
produced as in tlie ease of botulism. 

Feeds of various kinds, uhclher they arc 
proprietary feed inixiurcs or tome tri 
gredient of home mixed rations, ate often 
suspected of being icsfKinnble for jwnh 
try loxscs. Quigley and Waite (1931) re- 
pottcvl that invcsligationi on numerous 
jainpics examined over a petiovi of 3 years 
failed to sliow any toxic rcaaion h> actual 
feeding liials. Various other icj>orti imll 
cated that comparatively feve fecvlt sus- 
pected of being fxiisonoui provcl to Ik- 
so vvhen cxaniinetL 

The loisci in {wuliry as die iciult of 
|)oisoiimg from any cause arc cxcecvJinglv 
small toinjiaitvl to the loisci attribuievl to 
iiifrciious diseases, paraiiici, and oiher 
causet. Positive diagtuuct of j^-iisoning 
de)<nd entirely wj<on the diuovery of the 
jwison tn the bird bv tiiemical anaivvei 
by the detection of a tjsetific j^nion in 
ihe food suppU. 
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41 

Diseases of the Turkey** 


Dietary Diseases 
The turkey responds differently to many 
of the nutritional factors than does the 
cliicken, and for this reason the require- 
ments are often different. Likewise, the 
pathological changes seen when these fac- 
tors are lacking may vary from those seen 
in the chicken under similar conditions. 
Only the pertinent facts and differences 
arc given in this section. For more com- 
plete information on the nutritional re- 
quirements of birds, the reader is referred 
to the sections on nutrition and vitamin 
requirements, and to textbooks on turkey 

• Formerly, Department of Veterinary Science, 
unnersity of California, Davn, California. 

•The cooperation of seteral intesligatoi* in 
yie ficlj of turkey disease researcli nho hate 
‘iirnished aid in one form or another for thi* chap- 
{" IS gratefully acknowledged. No attempt has 
■•cen made to include complete bibliographies, but 
rffort has been made to update the references 
With emphasis on those which contain additional 
simeys. la many instances the reader 
"111 find lupplcracntary information in other sec- 
“fns of this book. 


rearing such as Nfarsden and Marlin 
(1955). 

A number of vitamins are known to be 
needed by turkeys. They are especially im- 
portant in the starting ration because 
^ulis have a higher requirement for some 
of the vitamins than do baby chicks. 

Most vitamins required by ttirkeys are 
present in the commonly used feedstuffs, 
and it is not necessary to purchase them 
in purified form or in expensive proprie- 
tary mixtures. Vitamins A, D, and G (ribo- 
flavin) are most likely to be deficient in 
turkey rations. Table ‘Il.l, compiled by 
Kraucr (1958). summarizes the symptoms 
of vitamin deficiencies, the amounts re- 
quired for normal grow ill, and the prin- 
cipal sources of die vitamins required by 
turkeys. 

VITAMIN A DEFICIENCY 

Sources of vitamin A actisiiy for turkey 
rations include fish oils, alfalfa meal, yc - 
low corn, fresh greens, and dry vitamin A 


[ 1253 ; 




TABLE 41.1 

Vitamin Requireuents of Turkf^s (Kratzer, 1958) 


yuamin 

Signs 0 / Deficucty ^ 

.tnnKint 

lUttmmended 

Per Pound 
of Ftrd 

Btst SOUTCH 

A* 

Poults — poor giowth, unsteady gait, I 
viatcry eyes, inner eyctid cloudy and I 
partially drawn, white exudate tram ' 
eye* and suiuses, pustules in mouth 1 
and esophagus, white flaLy exudate 
in bursa of Fabneius, high mortality 
Breeders — loss in weight, unsteady 
gait, watery ejes, inner eyelid cloud) 
and partially drawn, while exudate 
from eyes and sinuses, pustules in 
mouth and esophagus, poor egg pro* 
duciion, poor hatchabilily with an 
increase in abnormal embryos 

PoU^ 4,000 U.S.P. 

Brcedcfs, 4,000 

U S P. units. 

Fresh greens, alfalfa meal, fish 
oils, commercial concentrates, 
and synthetic vitamin A. 

D.' 

Poults— rickets characterized by poor 
powth, leg weakness, enlarged 
hocks, crooked keels, beaded nbs, 
soft bones and beak, high mortality. 

Breeders— low egg production, low 
hatchabiluy, soft-theUed eggs 

Poults, 600 I.C. 

Breeden, 600 I C. 

Fish oils, activated animal sterols 


Development of enlarged hocks in 
poults fed special rations may be 
prevented by Mtamm E Poor 
hatchabdity m breeden Embryos 
from defiaent hens show eye dis» 
orders 

Poults, 8 I.U. 
Breeden, 20 I.U. 

Tresh greens, grains, alfalfa 
meal, and commercial concen* 
bates. 


liioed tails to eloi normally Small 
injuries cause excessive bleeding 

Praciic^ rations 
contain adequate 
amounts. 

Fresh greens, alfalfa meat, and 
synthetic vitamin K. 

Thiamine 

Poor growth, emaciation, weakness, 
inability to stand, and death w 
poults 

Poults, 1 milligram. , 

Grains, grain by*products,oil 
cake meals, and syntheue 
thiamine. 


Poor powth, leg weakness, low hatch* 
ability in breeders 

Poults, TsiiUierami. 
Breeders, 1 8 millU 
grams. 

Milk products, liver meal, bel' 

1 reens, alfalfa meal, yeast, 
fermentation products, syn- 
thetic riboflavin. 

Aad* 

Poor growth, high mortality, and 
dermatitis at corners of mouth of 
'Eg production and 
hatchabihty in breeders 

Poults, 6 miUigrams. 
Breeders, 8 luilli- 
grams. 

Yeast, molasses, liver meal, milk 
products, alfalfa meal, wheat 
bran, fermentation products, 
synthetic pantothenic acid 

B| group 

Poor growth, uncoordinated move- 
ments, convulsions, high mortaUty 
and poor hatchabihty m bteederZ 

Poults. 2 milligrams. 

\—L 

Gram, grain by-products, soy- 
1 bean oil meal, milk products, 

! yeast, alfalfa meal, animal 
products. 

Poor gTOWtb, inflammation of the 
mouth, poor feathering, and perosis 

Poults, 35 nulIU 
grams 

Breeders, tS millU 
grams. 

Wheat and wheat by-products, 
yeast, liver meal, fis" meal, 

1 meat scraps, synthetic macin. 


‘’z.sr,?' poo™, high 

r”, ''" '’■“oh.Kh-® 

Exact requirement 
unknown. 

Fresh greens, alfalfa meal, soy- 
bean oil meal, cane molasses. 


Poor growth, cervical paralysis, mild ' 
anemia, high mortahtv 1 

hatchability in breS«. 

Phul**, 0 5 milli- 
grams. 

Breedets, 0.4 milU* 

Fresh greens, alfalfa meal, liver 
meal, wheat bran, soyl^an 011 
meal, synthetic toUc aad. 


(taUt tmHrntd m not p^f) 
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FIG. 41.1 -A S-week-old 
poult and a 6>week>o1d 
chick, both showing typi- 
cal signs of vitamin A defi- 
ciency. (Hinshow. Univ. of 
Calif.) 


observed an outbreak of the disease, in a 
breeding flock, which resulted from feed- 
ing dehydrated alfalfa meal low in caro- 
tene. In addition to the typical symptoms 
described by Hinsh.iw and Lloyd (1931). 
hatchability of eggs laid by the Hock was 
greatly reduced and poults that did hatch 
suffered a heavy mortality. The breeders 
recovered except for blindness, hatch- 
ability of eggs increased, and |)ouIt mor- 
tality decreased after the flock was given 
high potency vitamin A oil. 

Necropsy findings. Lesions are confined 
principally to the upper digestive tract 
and to the head They consist of swollen 
caseated glands (pustules) m the posterior 
part of the mouth (Figs. 41.2 and 4I.S) 
the upper esophagus, and the crop, and 



an imolvcmciit of ilte sinuses of the head 
(Figs. 11.1 and -11.5). The bursa of Fabri- 
cius, an accessory pouchlike organ present 
only in young jxiulis. located dorsal to 
the rectum and having an opening into 
the cloaca, is usually filled with a white, 
flaky exudate. Urate deposits on the in- 
testines, heart, and lungs, and swollen kid- 
neys fiUcd with urates, common in chick- 
ens suircring from vitamin A dcficienq, 
have not been observed in turkeys. 

By means of chemical tests available in 
many diagnostic laboratories, it is possible 
to detenninc if turkeys have adequate 
storage of vitantin A in their bodies. These 
tests arc based on iJie detennination of 
pro-vitamin A or vitamin A in the livers 
and may prove an aid in differentiating 
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FIG 41.3 -(A) Floor 
oF mouth and pha- 
ryngeol region of □ 
40-day-old turkey 
that died from vita- 
min A deficiency. 
(B) Same of a 45- 
day-old chick; note 
the large number of 
pustules in B as 
compared with A. 

typicol for the two 
species. (C) Sagittal 
section of bursas of 
Fabricius and case- 
ous plugs character- 
istic of vitamin A de- 
ficiency in young 
turkeys and chickens; 
the left bursa was 
from a poult; the 
right, from a chick; 
the middle speci- 
mens are typical 
coseous plugs from 
bursas taken from 
chicks. (HInshaw, 
Univ. of Colif.) 


avitaminosis A from diseases showing 
similar clinical signs. 

Control and prevention. Control and 
prevention consist of furnishing sufficient 
vitamin A in the ration. This can be sup- 
plied by large amounts of bulky feeds 
*uch as fresh greens and alfalfa meal. (See 



Tables 41.1 and 41.2.) According to the 
National Research Council, both poults 
and mature turkeys should receive 4.000 
units of vitamin A per pound of feed. It 
should be noted that the vitamin A of fish 
oils tends to diminish after the oil has 
been mixed in the mash, and that when 
alfalfa meal is stored its vitamin A content 
decreases, especially in warm weather. 


RICKETS (VITAMIN D DEFICIENCY) 

Rickets is caused by failure to receive 
a proper balance of vitamin D 3 and 
minerals. Vitamin Dj is also necessary for 
era production and hatchability. A lack 
of it contributes to the development of 
crooked breast bones. This vitamin :s 
present in certain fish oils. It is also sup- 
plied by direct sunlight, which changes 
certain substances in the skin to vitamin 
D,. Vitamin D, is of great importance to 
poults, which have a high requirement. 

Siims. Leg weakness, awkwardness of 
gait, softness of the beak and leg bones, and 
roffled, unkempt feathers are diaracieristic 
„r d.is mndition. The altecled jmuU, fad 
to gain ..eight and finally d.e it the balance 
of minerals and vilamm D, is not cor- 
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FIG. 41.5 — An «xJr«m« <c»« of tinviili* In o turkey hen rwfferlng from vilamln A defi* 
eieney otter being fed for 8 month* ©n o rollon contolnlng o low level of vitomin A. The 
picture on the left (A) i* o »ogittol leciioo of the heod shown on the right. (B) Note the 
moisive accumulation of the whitith.yellow coteou* exudote tvpicol of ilnutltii at osio- 
cloted with vitamin A deficiency In turkeys. (Hmshow. Univ. of Calif.) 


reeled. Vitamin D deficiency in breeden 
causes lotvered egg production, lowered 
hatchability of eggs laid, and an increase in 
soft-shelled eggs. 

According to Scott et al. (1932), poults 
receiving a diet deficient only in vitamin 
Dg will develop signs in 18 to 20 days, and 
100 per cent mortality will occur within 30 
days after hatching. 

Necropsy findings. Softness of the bony 


structures and beading of the ribs are the 
most common necropsy findings. A definite 
diagnosis depends on a chemical analysis 
of the bones or blood or upon the "line” 
t^t for rickets. 

Prevention and control. There are 
several forms of vitamin D, some of whicli 
are very effective for the prevention of 
rickets in rats, but not in chicks and 
poults. For this reason, a source of vitamin 


TABLE 41.2 

Examples of Vitamin A Comtemtoj Feedstupp* (Ashundso-v and Kratzer, 1951) 


Feedstuff 

Approximate Units of 
Vitamin A Per Pound 

Per Cent in Ration To 
Supply 4,000 Units 
Per Pound 

Amount in Pounds 
Per Ton of Ration 

Dry “A” concentrate (4,000 

A per EPam) 

1,816,000 



Fish oil (2,250 A per gram) . 

1,021,500 1 


7.8 

Alfalfa meal , 

67,000 


120 0 

Fresh green leaves 

45,000 


180.0 

Yeffow com . . 

3,100 

1 

50 per cent would 
supply only 1,500 I 
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Dj such as fish oil should be icsicd with 
chicks before use in turkey feeding. Poults 
need seseral times as inudi vitamin Dm 
their feed as chicks (see Table 41.1). The 
International Chick Unit (ICU) based oii 
vitamin D3 is now used as the standard 
unit for poultry feed formulas. The 
recommended allowance for turkeys « 600 
ICU for botli poults and breeders. The 
requirements for poults are several limes 
greater than for chicks, so chick rations 
should not be fed to poults without ad- 
justing die vitamin Dj level. 

Biologically tested fish oils of guarant«tl 
vitamin Dj potency are the only oils uiat 
are suitable for supplying turkeys with 
vitamin D3. Fish oils that have no guaran- 
tee of potency may or may not contain 
adequate vitamin D. Vitamin D3 aciivaiea 
sterols may be substituted for f»h ous 
(see Table 41.1). Dry products conum- 
ing synthetic vitamin D3 or feeding oils 
are the supplements commonly used m 
turkey rations. Vitamin D3 is more subJe 
than vitamin A, but its stability 1$ al- 
fected by many of the conditions affecung 
vitamin A, and care must be taken to 
avoid adding it to premixes unless it is 
properly stabillied (Grau et al-, 1956). 

It is a good practice to add vitamin Ds 
to the ration of the breeding flock to in- 
sure an adequate storage in the egg or 
development of the embryo and for suri- 
ing the poult after it is hatched. Since 
sunshine cannot be depended upon dunng 
the brooding season, fish oil should a 
regular part of the ration until the poulw. 
are put on the range. Whether or ”0*^ 
should then be continued depends on the 
amount of sunshine available. A propCT 
balance of minerals, especially calcium an 
phosphorus, is also essential in preventing 
rickets. 

dietary dermatitis 

Patrick et al. (1941, 1943) found that 
biotin is an aniidermatitis factor for tur- 
keys. Niacin and pantothenic add de- 
ficiencies (Krauer, 1958) may also came 
mouth inflammation, which must be dil- 
ferentiated. This deficiency disease may be 


seen in ihe field, but other forms of derma- 
titis are also common and 
sidered in making a diagnosis. Very IitUe 
is known regarding the other types 
dermatitis (see Miscellaneous >' 

Simis. The clinical signs o dietary 
deimatilis in poults consist oi a sore 
nroml. and encrustations at foe ° 

the mouth; diarrhea, resulting in an in 
enernsted vent; thickened eye ids 
lhat tend to stick together; ragged feat 
ers- and a listless, unthiilly 

3i:Se-s'u 

IvilSms'Vo^). ^“t„lsn'L«' 

tSilyd-cSL^thesamedehelent 

sists in ^ J Tlic important sources 

rfo™»a“nmot.s neede'd are given m 

Table 41.1- 

PEROSlSiSlippad Tendon, HnekDisanse, 

mas 417 41.B, and 41.9) may 

eanTSmfdSh.efoss^.oiurkey^^^^^^^^^ 

ilaCi’ 3“ jukes 

‘.'’’'Srkeri, Eclated with an 

"anganLeh'pmLhly'foem-eommon 

“Si. disease should no._^h^=^co„ifoed 

r:;^.s;”^tr:nSdi„giUin. 




FIG. 41.6 — (A) A 29-day-oId turkey after 17 days on o deficient diet. Note the encrusted 
eyelids, mouth, ond nostrils. The feet did not show lesions ot the time this picture was 
token. (B) Legs and feet of two S'week'old turkeys. The ones on the left ore from a poult 
fed a dehcient rotion from botching time. The others are from a poult fed a normal ration. 
Note the dryness of the skin of the legs and the marked ulceration of the foot pods in 
the effected specimen. IT. H. Jukes.) 
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cubation, improper diet in breeding stock, 
and faulty structure of hatching trays. 
Staphylococcosis should also be differenti- 
ated from this type of deformity. 

Signs- The signs seen in this disease are 
bosved or badly twisted legs due to im- 
proper calcification of the tibia and meta- 
tarsus, especially at the hock joints. This 
deformity allows the tendon of Achilles to 
slip from its groosc. In turkeys the meta- 
tarsus often turns at a right angle, gising 
the name “spraddle legs'* to the condition. 
Occasionally, the femoiolibial joint is 
affected. There is usually enlargement and 
flattening of the liock joint, and sometimes 
the entire shank. 

Presention. There is no cure for the dis- 
ease after it readies the deformity suges. 
According to Asmundson and Krauer 


(1951), a poult ration containing from 
0.8 to 1.0 per cent phosphorus and 1.8 to 
2.0 per cent calcium may be relied upon 
to provide enough calcium and phosphorus 
for bone formation and at the same time 
prevent perosis under ordinary conditions. 

Hopper feeding of limestone grit to 
growing turkeys is not recommended as 
this practice is unnecessary and dangerous 
since it upsets the mineral balance of the 
ration. If grit is to be supplied, it should 
be of an insoluble type. A summary of 
the sources of the vitamins needed to pre- 
vent perosis and the amounts needed are 
given in Table 41.1. 

MISCELLANEOUS DEFICIENCIES 

A number of other deficiencies may oc- 
cur in turkeys, and the reader is referred 
to the section on nutrition and vitamin 
requirements for details. References to a 
few are given below. 

Lysine deficiency in poults is character- 
ired by a white bar appearing on the 
feathers of bronze and other dark-feathered 
breeds. Descriptions of this deficiency dis- 
ease have been reported by Frit* et al. 
(1947), German el al (1949), Kratzer et al 
(1950), and Grau et al. (1956). 

Tills is the only amino acid studied to 
date svhidi produces any easily recognized 
symptom except poor growth. Figure 6.1 
shows the effects of a deficiency of this 
amino acid on the feathers. 

Scott (1950), 1951a and b) described a de- 
formity in poults characterized by a swell- 
ing of the tibiometatarsal joint associ- 
ated with a failure in retention of creati- 
nine. This swelling frequently appeared 
in 2-week-old poults and recurred svhen 
the poults were 14 to 16 weeks of age. 
Retention of creatinine was iiiaeased by 
enriching the ration with vitamin £ and 
inositol. This condition should not be 
confused with staphylococcosis. The de- 
ficiency could, however, predispose poults 
to staphylococcosis. An enlarged hock con- 
dition associated w'lth an isolated soybean 
protein has been described by Hunt and 
McGinnis (1959). This condition was pre- 
vented by washing tlic protein concentrate 
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with water (60° C.) or by addition of all 
vitamins at a 15-foId increase over the basic 
level. 

Riboflavin deficiency causes poor growth, 
leg weakness, and poor hatchability of eggs. 
Table 41.1 and Chapter 7 should be con- 
sulted for additional information. Figure 
7.12 illustrates the deficiency. 

A deficiency of folic acid causes poults 
to develop a type of cervical paralysis 
which usually results in death, according 


to Riclrardson e( al. (1945) and Jukes et 
at. (1947). Signs of this deficiency are de- 
scribed in Chapter 7. Figure 7.17 illustrates 
the cervical paralysis seen. 

For the effects of various mineral de- 
ficiencies tlie reader is referred to Chapter 
6. A number of papers have been pub- 
lished recently on the effects of zinc de- 
ficiency in turkeys. Good reviews on this 
subject will be found in reports by Supplee 
et al. (1961) and Sullivan (1961a and b). 
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Fungus Diseases 


Fungus diseases, due to molds and 
yeasts, may cause considerable mortality 
in turkeys. The most important are asper- 
gillosis, favus, and candidiasis. For an ex- 
cellent bibliography on avian mycosis see 
Chute el al. (1962). For a comprehensive 
review on raycotoxicosis see Forgacs and 
Caril (1962). See also Chapter 18. 
ASPERGILLOSIS (Brooder Pneumonia, 

Mycotic Pneumonia, Pneumomycosis) 
Aspergillosis, more commonly known as 
brooder pneumonia, is caused principally 
by Aspergillus fumigatus, although other 
molds of the same genus may be re- 
sponsible. A. fumigatus is widely distribut- 
ed in nature and is pathogenic for many 
animals, including nun. In young poults 
kept on contaminated litter, it produces 
pneumonia with heavy mortality. Infected 
older birds may suffer from pneumonia or 
air-sac infection. 

Aspergillosis has been reported in tur- 
keys by Ligniferes and Petit (1898), Bal- 
four (1911), Schlegel (1915), Durant and 
Tucker (1935), Hinshaw (1937), Witter and 
Chute (1952), Moore (1953), and Raines et 
al. (1956). The outbreak reported by Dur- 
ant and Tucker occurred in wild turkey 
poults reared in captivity. The disease ap- 
peared at 5 days of age and reached a maxi- 
mum mortality at 15 days. When the epi- 
zootic subsided al the end ol S weeks, only 
200 of the 785 poults remained alive. 
Moore reported ophthalmitis as a com- 
mon symptom in outbreaks observed by 
him, and Raines et al. described encephali- 
tis as a common manifestation in an out- 
break of 18-day-old poults. Van Heels- 
bergen (1929) gives a detailed description 
of an outbreak investigated by ScfalegeL 
The description given below, taken from 
Hinshaw (1937), is essentially the same as 


described by Schlegel and is based on the 
writer’s experience with the disease. 

Signs. "The signs depend on the location 
of infection. Lesions in the mouth, trachea, 
or bronchi produce hoarseness, heavy 
breathing, and sometimes rattling in the 
(hroac. As the disease progresses, dullness, 
labored breathing, and emaciation may be 
seen. Death probably results from either 
toxemia or asphyxiation. The mortality 
varies but is usually greater in brooder 
poults than in older birds. 

Necropsy findings. Diagnosis is readily 
made in advanced cases. The lungs and 
air $acs are the principal seats of infection, 
but the process may extend into the peri- 
toneal cavity or into the air passages of 
the bones (Fig. 41.10). The kidneys, liver, 
and spleen may be affected by direct con- 
tact from the air sacs. Yellow, semiliquid, 
or caseated masses in the air sacs and 
lungs, with buttonlike ulcers attached to 
the mucous membranes, are common. In 
the early stages these ulcers appear as 
round, yellowish-white masses attached to 
the membrane. In advanced cases a green- 
ish mold turf may be seen over the surfaces 
of the infected areas and in the convex de- 
pressions of the ulcers, especially in the 
air sacs. 

In cases of ophthalmitis, described by 
Moore (1953), the primary involvement was 
in the vitreous humor and the adjoining 
tissues. In one bird he observed the pres- 
ence of mycelia in the crystalline lens. 

In encephalitis aspergillosis described by 
Raines et al. (1956), torticollis and lack of 
equilibrium were observed. The brains of 
such cases contained necrotic foci 1-2 mm. 
in diameter in both the cerebellum and 
cerebrum. Hubben (1958) has reported 
meningoencephalitis in both turkeys and 
ducks. A mycotic encephalomalacia has 
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FIG. 41.10 — Lungs of turkey 
showing typical caseous nod- 
ules seen in the early stages of 
aspergillosis. Note also irregu- 
lor lesion with center darkened 
by aerial hyphae of the fun- 
gus> denoted by the arrow. 
(Hinshow, Univ. of Calif.) 


been described by Jungherr and Gifford 

(1944). 

Final diagnosis depends on ideniification 
of ihe mold. The fungus can be readily 
demonstrated by microscopic examination 
of specimens that have been treated with 
10 per cent sodium or potassium hydroxide 
and by culturing on suitable media. A 
careful examination of the surface of the 
buuonlike lesions will often reveal aerial 
hyphae, and secdings from these will usu- 
ally insure a pure culture. Sec also the sec- 
tion on Mycotoxicosis, 

Prevention, control, and irealment. 
Careful selection of mash, grain, and litter 
is essential in preventing this disease. Ac- 
cess to musty, moldy strawstacks should be 
avoided. 

Improperly kept drinking fountains 
used for dispensing milk have been found 
to be a source of infection. One outbreak 
was associated with contaminated milk 
cans. The inside of the lids of the cans 
used for transporting milk was found to 
be covered with a fine mold growth; the 
owner had washed and scalded the cans 
daily but thought it unnecessary to clean 
the lids. The storage barrels for the milk 
were also heavily infected. 

The areas aiound feed hoppers and 
watering places are fertile fields for the 
growth of molds. Unless a permanent yard 


system is used, frequent moving of feed 
u-oughs and watering places is advisable. 
Placing feed containers and watering 
fountains on screened elevated platforms 
helps to prevent turkeys from picking up 
molds that develop in such places. Drain- 
age is advisable for areas where water is 
liable to stand after rains. 

Control is best accomplished by re- 
moving the cause. A careful search should 
be made for mold in the litter, the feed, 
and the feed and water containers. Daily 
cleaning and disinfection of feed and 
water utensils will aid in eliminating the 
infection. Spraying of the ground around 
tlie containers with chemical solutions 
may be advisable if it is impossible to 
change feeding areas frequently. In out- 
breaks, a 1:2,000 solution of copper sulfate 
in pla« of all drinking water may be used 
to aid in preventing the spread through 
this means, though it should not be relied 
upon as a preventive to be used contin- 
ually- The antifungal antibiotics as pre- 
ventives for this disease should be con- 
sidered. 

The deep-seated nature of the respi- 
ratory form of the disease renders treat- 
ment of little avail. Extreme care should 
be used in handling and disposing of sick 
birds because of the possible danger of 
ttansmilling the disease to the attendant. 
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MtCOTOXlCOSIS 

Mvcutuxicom is a {X}isoning of ihe host 
stliuh follos«s tltc entrance into the body 
toxic substances o( fungal origin. A large 
number of fungi ate capable of producing 
toxins and the reader is referred to Forgacs 
and Carll (l%2) for a coinprclicnsive tc> 
siev. 

I’canui (ground nut) meal poisoning 
(Turkey X Disease). After the review by 
Foigacs and Carll (i!K)2) ssas urittetr and in 
(he process of publication, a serious disease 
of (utke>s sshich was causing enormous 
losses on lUilisli lutke)' farms was reportcil. 
Tfiis disease alfccting all ages was called 
Turkey X Disease by lUount (lOGI) and 
ssas subseejucntly found to be caused by a 
toxin produced by .-(rpcrgWftii fl/ivus (Sarg* 
cant e) of . IMl). The source svas contami- 
nated |«anui (ground nut) meal usevl 
widcl) in lUitish animal feeds. Oser 500 
Ilmisii iiitkcy farms v.ete affected tn 1900 
and losses in excess of 100,000 iurke)s were 
ie|wtinl 

Other |icttinen( references on these out- 
tirraks arsd sulnccjuent te(>oits<}n research 
on the ktiscase m turkeys include the fol- 
lossing Aipliii and Caiiughan (lOGl). Lan- 
caster fl u/. (1061). Siller and Ostler (1061). 
Wannop (IWl). Allcroft and Camaghan 
(19>.n, an.1 Nrsbiii et al (1062). Qiickcns 
and ducks were also found to be sus- 
ceptible. and ducklings >*cre found to be 
the laUuJtuiy aninul of choice fur delect- 
ing toxKitT of sui{><-cted luxin-cimtaming 
frrsli- lllijuni cf al fouinl diScr- 

erurs in suKeplibdu) ul diilcrcni sitainsof 
.luckliiigt usol for assas || should !< em- 
plusi.’cd that other animals ate also suv 
crptiblc to this to\m lOcgg. l%2) and ihai 
.1 can cu.ntamituie other subsiamcs 

uwJ III animal feexts (Kichmond f$ nl.. 
Toxins fiotn other sjicurs musi also 
be ct>nii.!err\l (F-rgics and Carll. IV-Z\ 
>igat. Ibe Signs i4 tiie disease at de- 
scribed b) the xiimus tnsrvijgdi^rt iiKJmJe 
death ssiil».*ui k.!»s<ixex! signs, dcjarxuon. 
un«c>.lf gill. Uitfncss of ihe tauKjer, and 
totiMidUs. IalI.i-5 user l^ickwaidx s«it alst» 
obwrxexL 


Necropsy findings. On necropsy, typical 
lesions of the kidneys include membranous 
glomerulonephritis and hyaline droplet 
ncplirosis. The liver shows a very severe 
hepatic necrosis and excessive bile produc- 
tion. Marked catarrhal enteritis especially 
in the duodenum is characteristic. 

Treatment. No specific treatment has 
been suggested. Forgacs et al. (1963) have, 
however, rcjxjrtcd on the aniimycotoxic 
aciivity of 8-hydroxyquinoline under lab- 
oratory and simulated field conditions with 
a number of mycotoxins The British out- 
breaks have stimulated a large number of 
investigations aimed at producing fungus- 
free sources of peanuts used for production 
of meal for use in animal feed mtions. 

Hemorrhagic syndrome. Although lliis 
well known condition In chickens and 
es|Kciaily in broilers (Forgacs al al., 1958, 
1962) has not been rcjiortcd in turkeys, the 
|x>ssibi)ity of finding it in turkeys should 
not be overlooked. 

FAVUS 

Favus is a chronic sUn disease caused 
by a fungus, ^te/ionon gd/finue, and char* 
actcii/cd by whitish areas on the exjsosed 
skin parts of the liotly (Fig. 11.11). It il 
not a commonly occurring disease. Sinra 
man ts jusceptible, care should be taken 
to ptcient Itansmission if an outbreak oc- 
<urs. The disease is generally mild and 
s|«oradic in nature. It may exist in a flock 
fur several muiiihs, but few losses directly 
traceable to it are cxjiericnml. 

higns. lilt white powdcrylike sjiots 
which clutactciirc the disease usually 
apficar first aiuurul the beak. Thence they 
spread to the wattles, dewlap, and snood, 
atul in extreme cases to the feathercvl 
poitiottL 'Ilic fine pinpoint white spots 
finally coalcuc and may cover a consider- 
able area. ,\» ihc fungus spteads arsd grows, 
a piling up of the threads occurs, and a 
thick, crusitikc area may result. 

rrcscntMin. control, and iieanuetri. 
Renvixal and diijiusal of all infected birds 
is rtcomnitndcvL It is well to mose the 
6<w.L to new quartets when pracutable- 
.kfur ttiiKnal of infexted individuak lU 
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premues musi be thoroughly cleaned and 
dUinfected. 

Treatment should be attempted only m 
'fry valuable birds. Fungicidal ointments 
and antifungal antibiotics may be of value, 
but no experimental information on their 
efficacy is available. A mixture of C parts 
of glycerine and I part of iodine allied 
locally is recommended by van Heels- 
bcrgcn (1929) for the infected paru oI 
the head. Beacli and Halpin (1918) re- 
ported tliat a formalin-vaseline oinunent 
rubbed thoroughly into the lesions cured 
aO out of 52 cases treated. 


CANDIDIASIS (Mycosis of the Crop, 
Moniliasis, Thrush] 

Candidiasis is a disease of the upper 
digestive tract of both chickens and tur- 
keys caused by yeasilike organisms be- 
longing to the genus, Candida. Jungherr 
(1933a) was probably the first in the 
United States to observe the diseaM in 
chicks; Gierke (1932) lus rci>oricd an 
outbreak of a ihruslilike disease occurring 
in turkeys in California during the sunmer 
of 1032; and Ilii.shaw (1053) ha< dOCTibrf 
the results of studies on several outbreak 
in tutkeys and chickens. A review on e 
disease as it now exists in turkeys an 
chickens in Califoniia is recorded by 


Mayeda (1961). Hart (1947) reported the 
disease in turkeys and other fowl in New 
South Wales. Blaxland and Findi:^ 
(1950) and Jordan (1953) have reported the 
existence of the disease in Great Brluin. 
Wickerham and Rcttger (1939). in a uxo- 
nomic study of Candida species from va^ 
ious sources, included several strains is^ 
latcd by Hinshaw from turkeys and chick- 
ens. These proved to be Candida albicans 
and were indistinguishable from sp««cs 
isolated from man. Jungherr (1933b. 1931 
found in later studies tliat C. albicans and 
C krusci and Oidium pullorum n.sp. were 
the ycastlike fungi most frequently isolat^ 
from diicks. Of Uiese he considcrctl C. 
albicans and O. pullorum of etiological im- 
portance. A soluble endotoxin, toxic for 
niice. was isolated from C. albicans by Sal- 
vin (1952). As far as is known, the inllu- 
cnee of this endotoxin on the disease m 

fowllias not been investigated. 

Jungherr (19SSa) vsas able to iransmi 
, 1 .; 1.1 "'<‘"' 8 , 
malctial Iron, di.ca.cil o"‘l l>y 

icctiiig pure cullurej of C. albiai’is. The 
ivceeje pcriorl ol iunrlr.l.oii under a- 
|n;.i..fentJl condition. 31 d-i).. Urn- 
Law (1933) ..a> nhle lo Ir.n.nut Ihe dr, 
aw Iron, ru.le). >o rurle).. ch.cler... .nd 
nbbiti. He oburned ih.l ihc di«iie ..Me 

' - "a 
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associated with poor management, where 
unsanitary surroundings prevail and de- 
bilitation is prevalent. Under such condi- 
tions the use of antibacterial antibiotics in 
feed or drinking water could result in an 
increase in Candida albicans in the 
digestive tract. This in turn could influ- 
ence the incidence and severity of the 
disease. The relation of Candida sp. to 
pendulous crop is discussed in the section 
on that disease. 

Signs. As most of the outbreaks ob- 
served have been complicated with some 
other pathologic condition, specific signs 
have been difficult to determine. More or 
less constant clinical signs, however, are 
listlessness, loss of appetite, tendency to 
stand around with heads drawn back on 
ihe shouWers, and a sunken appearance of 
the chest. The eyes and sinuses appear 
sunken and the heads haggard. Candidiasis 
must be differentiated from the disease 
formerly described by Jungherr (1927) as 
a mycosis of the crop of turkeys but now 
known to be caused by a Trichomonas. 
(See Trichomoniasis of Upper Digestive 
Tract.) 


Underwood (1955) has described the use 
of a panendoscope as aid in diagnosing the 
disease. This instrument is inserted into 
the crop via the mouth and esophagus and 
permits visual examination of the mucous 
membrane for lesions. 

Necropsy findings. The crop has been 
the most common seat of infection. Fungi 
have also been demonstrated in scrapings 
from the mouth, infraorbital sinuses, up- 
per and lower esophagus, proventriculus, 
gizzard, and intestines. Cultures of the 
causative organism have been obtained 
from all of these organs and in addition 
from a lung abscess and from a skin ab- 

In the more acute cases, as well as in 
the milder cases, there is seen a catarrhal 
to thick mucoid exudate with a tendency 
to form a pseudomembrane. Soft, raised, 
whitish-yellow ulcers having a roselike ap- 
pearance and scattered over the surface, 
at times coalescing to form a solid mass 
of piled-up exudate (Fig. 41.12) charac- 
terize the more chronic cases. These lesions 
have been variously described by turkey 
growers and others as having a "turkish- 
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towel-like” or "curdy" appearance. In 
early or mild cases the mucous membrane 
may appear parboiled. The lesions are 
easily scraped from the surface, leaving 
the mucous membrane abraded and in- 
jured. 

In most cases the crops either are empty 
or contain a small amount of thick slimy 
exudate. Cultures of the fungus are readily 
obtained in nearly pure state by washing 
off the surface exudate and planting a 
fairly deep scraping on suitable media. 

Prevention, control, and treatment. 
Because of the nature of the disease and 
its frequent association with other diseases 
common in crowded quarters and in flocks 
suffering from some form of malnutrition, 
sanitation and proper diet are important 
factors in control. Removal of birds to 
clean and thoroughly disinfected quarters, 
together with the daily cleaning and dis- 
infection of feed and water containers, has 
helped to reduce losses. 


According to Underwood et al. (1956), 
copper sulfate eitlter in the feed or in 
drinking water (1:1,000 and 1:1,500) has 
little effect on C. albicans or the disease 
in experimentally produced cases in chicks 
and poults. Yacowitz et al. (1959) reported 
successful prevention of Candidiasis in 
chickens by the addition of an antifungal 
antibiotic, Nystatin (Mycostatin-Merck), at 
a minimum level of 152 mg. per kilogram 
of ration for a period of 4 weeks. Kahn 
and Weisbiatt (1963) obtained similar re- 
sults. Wind and Yacowitz (1960) success- 
fully treated crop mycosis with mystatin 
(Mycostatin-Squibb) by dispersing it in 
drinking svater at levels of 82.5 to 250 mg. 
per liter with sodium lauryl sulfate (7.8 to 
25 mg. per liter) for a 5-day period. 

If antibacterial antibiotics are being 
used in an infected flock for nutritional 
purposes, llieir removal may aid in re- 
ducing the Candida flora. 
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Bacterial and Viral Diseases 


The common diseases ol (utkeys caused 
by bacteisal and viral agcnis art included 
in this section. The reader is referred ics 
standard textbooks on bacteriology if dc' 
scriptions of tire causative organisms arc 
desired. For dismuions on fowl plague, 
fowl coryra, ornithosis, equine cnccpbalo- 
mjclitis virus in birds. Newcastle disease, 
and other diseases seldom seen in turkeys. 


ilie reader is referred to the sections on 
diseases ol chickens. 

BOTULISM* 

Botulism is caused by toxin produced 
by an anaerobe. C/orfridium botulinum. 
Of the types of botulinus toxins poisonous 
10 man and animals, only A and C are 
•S<« «Uo Chxpier 15. 
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known to affect fowls. The toxins are pro- 
duced by the microorganism while grow- 
ing in such substances as decomposii^^ 
food, dead carcasses, and wet grain, and 
are transmitted to birds when the con- 
taminated products are eaten. Coburn and 
Quortrup (1938) described an outbreak 
of botulism in turkeys caused by the type 
C organism. The outbreak occurred in a 
flock of 1,400 turke)S which were ranging 
on a 20-acre stubble field. About 50 tur- 
keys were sick at the time of the investi- 
gation, and an additional 50 had died 
the previous week. The source of the toxin 
was found to be a shallow, stagnant pool 
of water in the stubble field. Filtered 
water samples from it were shown to con- 
tain the type C toxin by tests on white 
mice. Clostridium botuHuum (type C) 
was also isolated from the soil taken from 
the water hole. 

Signs. The most common clinical sign 
is complete paralysis of the neck, which 
gives the disease its name, “limberneck.” 
The birds sit with their heads and necks 
on the ground or extended over the back 
(Fig. 41.13), often in a comatose con- 
dition. In turkeys the feathers do not shed 
so readily as in chickens affected with the 
disease. 

The turkeys in the outbreaks described 
by Coburn and Quortrup (1938) mani- 
fested evidence of cyanosis of the head, 
posterior paralysis, and dyspnea, but only 
a few showed paralysis of the nictitating 



membrane, a symptom usually considered 
pathognomonic. Some of the sick turkeys 
recovered spontaneously. 

Necropsy findings. Cobum and Quor- 
trup described the following postmortem 
findings: petechial hemorrhages on the 
auricular pericardium, hyperemia of the 
duodenal mucosa, and cloaca distended 
with urates. Thus the gross pathology 
would make one suspicious of fowl cholera. 

One should look for evidence of spoiled 
food in the crop and for the presence of 
fly raa^ots, which are suggestive of the 
consumption of spoiled food. Diagnosis 
depends on the history obtained and on 
the symptoms and necropsy findings, but 
finally on the demonstration of the toxin 
or causative organism. 

Prevention, control, and treatment. 
Every effort should be made to prevent 
turkeys from obtaining foods that might 
harbor the botulinus organism. Spoiled 
canned vegetables should never be given, 
for they are liable to contain botulinus 
toxin. 

When the disease appears, all the birds 
should be moved to a new feeding ground 
and. if necessary, fenced to prevent access 
to spoiled food. Sick birds should have 
plenty of shade. Their crops can be 
drained and flushed out with warm water 
with die aid of a rubber tube and a fun- 
nel. Large doses of mineral oil or castor 
oil may help to get rid of the toxin in 
birds that have not gone into coma. The 
cause of die trouble should be traced and 
recurrence prevented. In valuable birds 
iwlyvalent (mixed) botulinus antitoxin 
may be used. 

Persons handling lurkeys suffering from 
botulism should keep in mind that the 
botulinus toxin may affect man. Careful 
h-ashing of the hands after care of the 
birds is suggested .ns a precautionary 
measure. 

erysipelas* 

This disease, caused by the sw-inc ery- 
sipelas organism Erysipelothrix insidiosa 
(rhusiopathiae). was first reported in tur- 

• SceVbo Chapter 15. 
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keys by Jarosch (1903). The first report of 
an outbreak in the United States was made 
by Beaudette and Hudson (1936) in New 
Jersey. Since 1936 it has been diagnosed 
in various sections of the United States 
(Hudson, 1949). Reference is made to 
Chapter 15 as to how the disease affects 
other birds. 

Most of the outbreaks reported in the 
literature have been confined to one farm 
rfith no recurrence the following year. In 
some areas, however, particularly in north- 
western United States, the disease is now 
enzootic, and recurrence on the same farm 
is common. Swine and sheep, reported to 
be important factors in transmission in 
some areas, do not appear to be the sources 
in the Northwest. Fish meal has been sug- 
gested as a passible source of this infec- 
tion (Grenci, 1943). The outbreaks have 
usually occurred tn turkeys approaching 
the market age, and males have appeared 
to suffer the heaviest losses. Rosenwald and 
Dickinson (1941) have, however, diag- 
nosed the disease in poults from a few 
weeks of age to maturity. 

Signs and mortality. The disease mani- 
festations are primarily those of a septi- 
cemia. The mortality in an outbreak 
studied by Beaudette and Hudson (1936) 


was high, 200 of a flock of 500 dying in 
9 days. Often, the first indication of the 
presence of the disease is the finding of 
dead birds which appear to be in good 
condition. 

The clinical signs are listlessness, droop- 
ing tails and wings, and sometimes yellow- 
ish green diarrhea. Swelling of the joints 
of die legs has been noted, but this is not 
a constant sign. Affected birds lend to re- 
main aloof from tJie remainder of the flock. 
These sick birds crouch; the heads often 
appear cyanotic, and nasal catarrh is a 
common sign. Swelling of the snood, as 
illustrated in Figure 41.14, is characteristic 
of tliis disease, but similar swellings are 
also seen in outbreaks of fowl cholera. 
Erysipeloid lesions commonly appear on 
the face, Involving the major portion of the 
eyelids and area posterior to tliem (Fig. 
41.15). The other areas of the skin most 
often affected are the wattles and breast. In 
acute outbreaks many of the individuals 
develop varying degrees of skin necrosis. 
Vegeutive endocarditis may cause listless- 
ness and loss ol body flesh of a number of 
birds in a flock several weeks after the 
acute stage. The effect on the appetite 
seems to va^ in different outbreaks, 
iliough most investigators agree that feed 


FIG. 41.14 — Erysipelas 
Swollen snood whicfi is, 
according to Rosenwold 
and Dickinson, pathog- 
nomonic for the disease 
may also be seen in 
outbreaks of fowl chol- 
era. (Rosenwold and 
Dickinson, Am. Jour. 
Vet. Res.) 





FIG. 41.15 — Erysipelas. 
Erysipeloid lesion on the 
face of a turkey. Involving 
the molor portion of eyelids 
and an area posterior to 
them. (Ore. Agr. Exper. Sta.) 


consumption is lowered. Recovery in acute 
cases may be complete in a week or 10 days. 

Temperatures as high as 109,6° F. have 
been noted in field outbreaks of the dis- 
ease in turkeys, but rise in temperature 
has not been consistent with clinical signs. 
Adult turkey hens artificially infected with 
E. insidiosa have not shown uniformly 
marked increase in temperature. One such 
bird (19 weeks of age), given 0.8 cc. of 24- 
hour broth culture, became ill in 48 hours 
and did show a continued rise in tempera- 
ture until it reached 1I0.6°F. on the 
fourth day after inoculation. On the day 
of its death (the sixth after inoculation) 
the temperature was 109.8° F. Another 
bird, which became visibly ill in 48 hours 
but recovered within 2 weeks, showed only 
a slight rise in temperature during the pe- 
riod of visible symptoms. A third turkey 
hen showed an increase from 104.9° F. on 
the day before inoculation to 108.8° F. on 
the sixth day after inoculation. Its temjxr- 
ature gradually subsided though the bird 
itself developed a chronic type of the dis- 
ease and was hnally killed in an emaciated 
condition after 4 weeks. 

Necropsy findings. Diffuse hemorrhagic 
areas of various sizes are common in the 
breast muscles. The skin of the breast may 
develop purple-colored, irregular-shaped 
blotches, commonly referred to as "ery- 
sipelas blush.” Diamond skin lesions so 
common in die chronic disease of swine 
are seldom seen in turkeys, but one such 
case is described by Peterson and Hjmas 


(1950). The nasal passages are usually 
filled with thick mucus; the livers are en- 
larged, congested, and friable. Catarrhal 
enteritis is evident, with some reddening 
of the mucosa of the large intestine. In 
most cases the spleens are enlarged, mot- 
tled, and friable, hemorrhages sometimes 
appearing. Other lesions occasionally 
found are hemorrhages in the pericardium, 
congestion of the kidneys and lungs, and, 
rarely, browning of the lung tissue. Vege- 
tative endocarditis involving the bicuspid 
and tricuspid valves is often seen in 
chronic cases (Fig. 41.16). Stile, (1946) 
considered the absence of pus m affected 
joints and other structures as characteristic 
of the disease. 

Diagnosis. The marked hemorrhagic 
condition of the skin and fascial and 
muscular tissues of the breast is the most 
significant finding at necropsy according 
to most investigators. Diagnosis must be 
confirmed by isolation of the causative 
organism. Differentiation from fowl cholera 
is necessary because of the similarity of the 
two diseases. The use of mice and pigeons 
for inoculation tests is recommended, as is 
the use of anli-swine-crysipclas serum for 
neutralization tests in the inoculated tot 
animals. Mice or pigeons given either the 
pure cultures of die organism or tissuo 
from erysipelas cases die within 21 to 96 
hours. Similarly infected animals protected 
with 0.5 cc. of antiserum do not become 
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FIG. 41.16 — Erysipelas. Vegetative 
endocarditis on the tricuspid valves 
as well os on one of the bicuspid 
valves in the left side of a turkey's 
heart. (E. M. Dickinson.) 



Another aid to diagnosis is to stain 
blood or liver smears by Gram's method. 
The characteristic Gram-positive rods 
(which decolorize easily, hosvevcr) are 
usually grouped m interlacing bundles. 
The individual organisms are slender, 
slightly curved, and show characteristic 
granules. It is possible to isolate the causa- 
tive organism from the bone marrow of 
turkeys which have been dead as long as 
2 weeks. Jerstad and Dickinson (1956) 
suggest that because of the persistence of 
the causative agent in bone marrow, only 
the shank of a dead bird needs to be 
shipped to a laboratory for diagnosis. 

Prevention, control, and treatment. 
Since the disease is common in swine 
and sheep in the United States, turkeys 
should be kept away from swine and sheep 
herds in areas where erysipelas is known 
to exist. It is also unwise to use turkey 
ranges where the disease has previously 
occurred. For this reason unnecessary 
moving of the sick flock to clean range 
should be avoided. 

Grenci (1943) isolated £. in$idiosa 
from two samples of fish meal, a common 
ingredient of turkey feed. Therefore, as 
a preventive measure, this product should 
be thoroughly sterilized before being used 
in turkey feed. 

Numerous reports on the use of anti- 
swine-erysipelas serum and antibiotics 
have been published. Beaudette and Hud- 


son (1936) found that serum from re- 
coveied turkeys protected mice against in- 
fection Lindcnmayer and Hamilton 
(1942) found dial 3.0 cc. of formalized 
serum from sick turkeys had protective 
value when injected intramuscularly into 
exposed turkeys. Inconsistent results have 
been reported on the use of anti-swine- 
erysipclas scrum in sick flocks. 

Dickinson (1958) states that treatment 
of visibly sick birds with penicillin and 
immediate use of bacteria for all birds is 
preferable to the use of antiserum. 

Recent research on bacterins and anti- 
biotics for prevention and control of the 
disease in turkeys has yielded encouraging 
results. Adler and Spencer (1952), Dick- 
inson cl al. (1953), Moynihan and Stoveli 
(1954), Jerstad and Johns (1954, 1957). 
and Boyer and Brown (1957a, b) have re- 
viewed the literature on methods of pre- 
vention and control and have given their 
own research results. Jerstad and Dickin- 
son (1956) recommend routine vacci- 
nation of flocks of turkeys at 8 to 10 weeks 
of age in areas where the disease is a 
yearly problem. The formalized aluminum 
hydroxide adsorbed bacterin described by 
Adler and Spencer (1952), Dickinson 
al. (1953), Jerstad and Johns (1954), and 
Cooper el al. (1957 a, b) is recommended to 
protect the birds to market age. An initial 
dose of 2 ml. intramuscularly or subcu- 
taneously is recommended for young birds. 
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Large toms or breeders can be given 4 ml. 
booster injections at 16 weeks of age for 
additional protection. Although intra- 
muscular injections were recommended in 
the original reports of these investigators, 
Dickinson (1958) states that intramuscu- 
lar injections in the breast muscles may 
result in an inflammatory reaction which 
may be evident at market time if birds 
are slaughtered too soon after injection. 
To avoid this possible reaction, which 
may cause rejection of carcasses by inspec- 
tors, Dickinson suggests that older birds, 
especially, be injected subcutaneously in 
the neck about 1 to 2 inches below the 
skull (Fig. 41.17). 

For control of the disease in an out- 
break, Jerstad and Dickinson (1956) sug- 
gest giving all visibly sick birds penicillin 
and immediately injecting the entire flock 
with bacterin. They recommend injection 
of 0.5 ml. (200,000 units) of aqueous pro- 
caine penicillin G or crystalline penicillin 
G potassium or 1.0 ml. (300,000 units) of 
aqueous mixture of dibenzylethylenedi- 
amine dlpenicilHn G (150,000 units) and 
procaine penicillin G (150,000 units). 
Treatments should be repeated if neces- 
sary. Oil diluent preparations are not 
recommended for advanced cases because 
of slow action. Also they are difficult to 
use in cold weather. 

Boyer and Brown (1957a, b) reported 
on the efficacy of oral therapy with anti- 


biotics for control of erysipelas. Procaine 
penicillin in drinking water at 1,200 mg. 
per gallon, or in feed at 600 gra. per ton 
and aureomycin at 100 gm. per ton of 
feed plus soluble aureomycin in water at 
1,000 mg. per gallon proved effective when 
used under summer conditions. In winter, 
slighdy larger doses were necessary to get 
equivalent results due to difference in 
water and feed intake. These authors 
concluded that from the standpoint of 
experimental results and cost procaine 
penicillin is the most practical and efficient 
antibiotic to use for erysipelas control. 

The existence of different antigenic 
strains of E. tnsidiosa as well as the possibil- 
ity of ilie occurrence of both avirulent and 
virulent strains is discussed by Truszczyn- 
ski (1961). These observations, along with 
those of Raines and Winkel (1956) that 
antibiotic resistant strains may exist, em- 
phasize the need for continual examination 
of strains isolated from field outbreaks in 
order to give accurate advice on control 
measures. 

McCulloch and Fuller (1941) found 
that household lye (sodium hydroxide) 
in dilutions of 1:200 to 1:500 is an ef- 
fective disinfectant against E. insidtosa. 
Phenol, liquor cresolis and related disin- 
fectanu, tincture of iodine, irieihanol- 
,-inimoniumIauryl sulfate, and household 
soaps were moderately effective, but for- 
malin was ineffective. 



FIG. 41.17 — Older bird* 
should be Iniected subeu- 
toneoosly in the neck MQlon 
os llloitroled. (E. M. OIckIn- 
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Caution. Since the causative organism of 
this disease is pathogenic for man, exiremc 
care should he taken when handling in- 
fected birds or tissues. Erysipeloid cases 
caused by contact with diseased turkeys 


ha\c been reported by Stiles (1916) and 
Bivins (1919). At least three additional 
coses (unpublished) have been reported 
to Hinsliaw. 
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FOWL CHOLERA* 

Fowl cholera, caused by Ptufeurelhi 
multocida, results in severe economic losses 
to turkey growers in certain areas. It was 
first described by DeVolt and Davis 

•See also Chapter 11 


(1932), who reported an outbreak In a 
Hock of 175 turkeys in Maryland where 
there was a 17 per cent mortality. Moyni- 
han and Bankier (1945) have reported 
the disease in Canada, and Smith and 
Field (1944) described an outbreak in 
England. In the writer’s experience, the 
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disease has been most prevalent in turkeys 
of about marketable age (6 to 8 months). 
In many outbreaks chickens have been 
shown to be the source of the disease, but 
it may also be carried by adult turkeys. 

Signs, course, and mortality. In many re- 
spects the clinical signs of fowl cholera re- 
semble those seen in fowl typhoid out- 
breaks. They include increased thirst, loss 
of appetite, listlessness, yellow or greenish- 
yellow, watery diarrhea, and a rise of 2® to 
3® F. above normal temperature. The 
heads appear blue to purplish and have a 
haggard, drawn appearance. A slimy to 
gelatinous exudate in the mouth and nos- 
trils is common. The breast muscles be- 
come congested, and the skin appears pink- 
ish. Swelling of the snood, similar to that 
seen in outbreaks of erysipelas (Fig. 41.H) 
is characteristic in males. Paralysis of the 
legs and swollen joints are noted in both 
males and females which develop the 
chronic type of the disease. 

The course of the disease causes acute, 
heavy losses occurring within a few days, 
followed by intermittent losses. Symptoms 
may not be observed before death. In less 
acute cases the birds linger for several days 
before dying. Very few sick turkeys re- 
cover, Losses vary from a few birds to over 
half of the flock. 

Necropsy findings. The necropsy find- 
ings in turkeys are typical of those in 
chickens, though generally more pro- 
nounced. The breast muscles are con- 
gested, and the crop usually contains con- 
siderable food having a very sour odor. 
The heart is often enlarged, and the peri- 
cardium may be thickened and covered 
with a whitish-yellow exudate. Petechiae 
are commonly found over the surface of the 
pericardial sac, the muscles of the heart, 
and the adjacent tissues. The pericardia! 
sac may be filled with a yellowish fluid con- 
taining whitish-yellow flakes. The liver is 
enlarged, friable, often salmon colored, and 
may contain many minute whitish abscesses 
that give it a mottled appearance. The 
spleen may be enlarged or show no alter- 
ation. 

The blood vessels of the mesentery and 


intestines are usually engorged. The in- 
testines lack tone and often show con- 
siderable evidence of hemorrhage, es- 
pecially in the duodenum. The contents 
range from a semiliquid to a mucoid con- 
sistency. The feces are yellow to yellow- 


green. 

The gizzard seldom contains much food, 
but the contents present have a peculiar 
sour odor. The mucous membrane peels 
readily, and the muscle of the gizzard ap- 
pears more red than normally. Consider- 
able gelatinous exudate may be present in 
the proventriculus, and the mucous mem- 


brane denuded. 

Pneumonia is a characteristic finding. 
Various stages of lung involvement, from 
congestion to complete hepatization, are 
seen In such cases, the pleural cavity con- 
tains a surplus of fluid, or the air sacs may 
be filled with a semisoHd, yellow caseous 
mass. Similar caseous deposits may be 
found throughout the abdominal cavity, 
and such lesions must be differentiated 
rrom atpergillosis- In ihe httjr condition 
the characteristic nodules and button ul- 
cers" serve as differentiating lesions. 

There is a fetid odor to the body cavitjs 
and die digestive tract contend oF birds 
suffering from fowl cholera. This odor, 
difficult to desaibe. is that of advanced 
puuefaction and is recognized alter ex- 
Lrience with a few cases. Isolation of the 
Susativc organism is the final means of 
diagnosis. . 

Ptovention, control, and ttealment. San- 
iration and hygiene play an |mpo“ant 
role in prevention. Turkeys should 
kept segtiated Irom all fowl that have sul- 
feJJd tom the disease. Adult earners are 
responsible for the yearly recurrence of the 
disease on some ranches, and d^pulation 
for a season may be necessary. There is no 
evidence that the disease ts transmitted 
through the egg, but it is not a good plan 
to keep tor breeding purposes turkeys that 
hive recently suffered from the di.eare 
Complete segregation of Ihe bleeding an 
brooding units or sale ot the entire adult 
IkKk before any poults ate hatched are 
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recommended as presentive measures on 
ranches where the disease has existed. 

Skidmore's (1932) observations on the 
common housefly as a possible carrier em- 
phasize the need for keeping turkeys well 
isolated from chickens or other fowl that 
might be suffering from the disease, and 
for prompt destruction of all diseased 
birds. Wild birds must be considered pos- 
sible transmitters of the disease. The type 
of Pasteurella which caused an outbreak 
studied at the California station (un- 
published data) proved to be identical to 
the one isolated from quail by Hinshaw 
and Emlen (1943). Burning or the use of 
a disposal pit instead of burial of dead 
birds is recommended; otherwise the dis- 
eased carcasses, a source of infection, may 
be dug up by dogs and other animals. 

Immunization. Recent researches de- 
signed to improve bacterins for use In pre- 
vention of fowl cholera have yielded 
promising results. Pertinent references on 
this subject include the following; Heddles- 
ton and Hall (1958), Heddleston and Rei- 
singer (1959, 1960). Heddleston (1962), 
Boyer and Brown (1963), and Dorsey 
(1963a. b). 

The current recommendation, based on 
Heddleston and his co-workers' findings, is 
to use oru: of two bacterins. One of these 
is a sva^er-oil emulsion formalized sus- 
pension of P. muUocida (Heddleston and 
Rcisingcr, 1959), and the other is a formal- 
ized aluminum hydroxide adsorbed bac- 
tcrin (Heddleston and Rcisingcr, 1960). 
Because of the existence of at least two im- 
munogenic avian types of P. multocida 
(Heddleston, 1962; Dorsey, 1963a), it U 
recommended that a bivalent bacterin be 
used. Bo>er and Brown (1963) compared 
bivalent and monovalent bacterins for 
turke)i and obtainetl somewhat better re- 
sults with a bivalent type, but did not get 
complete protection with cither one. 

The use of bacterins lor prevention of 
fowl cholera should be confined to those 
areas where tlie disease Is an economic fao 
lor in production. Furthermore, only bac- 
icrins whidi base been proved to be of im- 
muaogcnic value should be used. Determi- 


nation of the immunogenic types of P. 
tnuUocida which are responsible for losses 
from fowl cholera in a community is sug- 
gested. The use of bacterins containing 
these types will give greater assurance of 
protection against the disease. 

Since much research on the immuni- 
zation of turkeys is in progress, the reader 
IS urged to continually search the current 
literature for new advances. 

Treatment with drugs. Alberts and 
Graham (1948) employed sulfamerazine in 
an experimentally produced outbreak of 
fowl cholera in turkeys and in a naturally 
occurring outbreak in adult turkeys. 
Treated mash containing 0.5 per cent of the 
drug or 0.5 grain per pound of body weight 
given orally twice daily prevented losses 
from the disease during the period of treat- 
ment but failed to prevent recurrence of 
the disease. Their findings suggested suffi- 
cient retention of sulfamerazine in the body 
after discontinuing treatment to suppress 
P. avicida lot 2 days after the course of 
therapy. At the California station sulfa- 
methazine given at the rate of 0.3 per cent 
in the mash for a period of 3 days definitely 
reduced losses if given early in an outbreak. 
The drug did not, however, prevent a re- 
currence of the disease, nor were carriers 
eliminated. No evidence of immunity was 
noted following intermittent treatments 
over a period of several weeks. Sulfa- 
methazine in amounts greater than 0.3 per 
cent affected egg quality in laying flocks of 
lurkeys. Peterson (1948) found that 1:2,000 
to 1:4,000 dilution of sulfaquinoxaline in 
drinking water stopped losses in field out- 
breaks. 

McNeil and Hinshaw (1948) found 
that streptomycin administered in dosages 
of 150,000 micrograms (25,000 per kilo- 
gram of weight) prevented mortality in 
turkeys artiflcially infected if treatment 
was given before or at the same time as 
inoculation of P. multocida. When treat- 
ment was delayed 6 to 24 hours or when 
smaller dosages were given, mortality was 
prcTCnted, but many chronic cases and 
carriers developed. Penicillin was ineffec- 
tive. 
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Richey and Morgan (1957) found that 
both chloramphenicol (Chloromycetin) 
and sulfaquinoxaline reduced losses from 
fowl cholera if given at the onset of tlie 
disease or soon thereafter. Chlorampheni- 
col was given at the rate of 1.0 gm. per 


pound of feed or 0.2 gm. of chlorampheni- 
col suspension injected intramuscularly. 
Sulfaquinoxaline was used at the rate of 1.5 
gm. per 10 pounds of feed or at the rate 
of 1 5 fluid ounces per gallon of water. 
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FOWL POX* 

Fowl pox, a disease of the unfeathered 
parts of the birds’ bodies, is characterized 
by the formation of pustules and scablike 
processes. It is caused by a filterable virus, 
pathogenic for chickens as well. Brunett 
(1933) tested fowl pox viruses of chicken, 
turkey, and pigeon origins and reported 
that the turkey strain was pathogenic for 
riiickens, but not for pigeons. All three 
strains produced lesions in turkeys, but 
only the chicken and turkey strains pro- 
tluced immunity. 

Tieu (1933) reported that turkeys were 
not susceptible to the strain of pigeon pox 
viruses used by him. Hinshaw’s experience 

• See also Chapter 26. 


ha, been more like that o£ TieU. though 
very slight swelling, o£ the £eather follicles 
have been noted. Coronel (1934), Brandly 
and Dunlap (1938), and Beaudette and 
Hudson (1941) published evidence to 
show tliat there is a distinct strain o£ tar- 
kev oon virus which differs from Ijolh die 
chicken and pigeon types. Field obser- 
vations made by Hinshaw suggest that 
such is tlte case. 

M.theson el at. (1931) repotted Iran,, 
mission of fowl pox by mosquitoes, and 
later Brody (1936) published a compre- 
hensive report on subsequent mvtnt.- 
rations. These investigators found that 
one species of mosquito {Aedes aeg^pit) 
was still able to transmit pox 41 days after 
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flQ 41.18 -Fowl pox In lurkeyt. Tek«n 3 
wctVt Ql»«f l•tianl fir»t oppxored (Hinthow, 
Unix, of CqM.) 

an initial in[ccii\c meal Ilbnc anJ 
(Uminopcirot (lOSO) in aa earlier paper 
r(|>ottc(i iraniniivaoii by CiiUx ptpiens 
58 ila\» after feeding on infected bird*. 

Sigiii and nccropiy rindings. Tlic first 
indication of (wx is die appearance of 
minute scllouidi eruptions on the dcsslap. 
snooil, and other hcail pans, Tlicy arc soft 
and, in this pustular stage, easily remosed, 
leasing an inllatned area covcrcil sviUi a 
sticky serous extulaic The corners of the 
motiih. the cselids, and die oral membranes 
are tommonl) aliccted The Icsioiu enlarge 
and become coscrcil with a dn scab or a 


wartliLc mass of yellowish-red or brown 
color (Figs. 41.18 and 41.19). The number 
of lesions depends on the virulence of the 
disease. In young poults, the head, legs, 
and feet may be completely covered with 
pustules. The disease may even spread to 
the featltercd parts of the body (Fig. 41.20). 

Drandiy and Dunlap (1938) reported 
two cases in 3-w'cek-old poults in which 
the foot pads and foot svebs svere involved. 
Large wartlike processes developed which 
made it difficult for the poults to walk. 
Except for a lesion of the mouth in one 
poult, the disease was confined to the feet 
(Fig. 41.21). In these instances the in- 
fection was apparently introduced when 
the owner "toe pundied" the poults for 
identification purposes. 

Nfalcs often suffer more than females 
from the disease, probably because of their 
inclination for fighting, which spreads the 
infection through small lacerations. 

The mouth parts, the tongue, the 
esophagus, and occasionally the crop may 
be cotercU with masses of soft, yellow 
cankers closely adhering to the mucous 
membranes (Figs. 41.19 and 41.22). These 
yellow, diphtheric ulcers of fowl pox must 
be differentiated from the small, deep- 
seated, irregular, diphtheric ulcers or 
cankers often seen in die mouths of tur- 
keys and not associated with typical head 
lesions. These cankers are common in 
turkeys that have been vaccinated against 
fowl pox or that have recovered from an 
outbreaL Their cause is not known. 

Frc<|ucntly during the breeding season 



FIG. 41.19 — Fowl pox lesions In 
inogih and esophogus. (KinsKow, Univ. 
or ColiF.) 
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kP' pox lesions on the skin of 

east of on adult turkey hen. The heod ports 
Carn° *'* se''6'-ely affected. (Hinshaw. Univ. of 


atypical case* of fo;vf pox appear in adult 
turkeys which ha%e been vaccinated with 
chicken [x»x vaccine several months previ- 
ous Jn these outbreaks, tvhjch usually in- 
vohe onlv a small peicentage of the birds, 
the mucous membranes of the eyes and 
the mouth are the principal parts affected. 
Exteinally, no lesions in the eyes may be 
visible, but when tJie inner surfaces of tlie 
lids are examined, soft yellow diphtheric 
ulcers will be found to be the cause of 
the increased Jacrimatioii and inflam- 
mation of the eye. Typical yellow cankers 
described above characterize the mouth 
lesions. There are no internal lesions lliat 
are characteristic of the disease. 



riG. 41.21 - Fowl pox lesions in 
the foot pods occioenlally intro* 
ducsd during toe marking oper- 
ations. (Oept. of Anim. Path, end 
Hyg., Univ. of III.) 
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The finding by Pilchard et al. (1962) that 
serum from turkeys hyperimmunizetl 
against fowl pox virus show neutralizing 
activity may prove of value in differential 
diagnosis. It is of interest also that they 
were able to demonstrate the presence of 
fowl pox virus (viremia) in the serum o£ 
the inoculated turkeys for at least two 
weeks after disappearance of visible skin 
lesions. 

Ophthalmitis caused by Aspergillus 
fumigatus (Moore, 1953) and keratocon- 
junctivitis described by Bierer (1956) 
must be differentiated from ophthalmitis 
caused by fowl pox virus. 

Course and mortality. There is a marked 
difference in the severity of cases of fowl 
pox in turkeys and, consequently, vari- 
ations in the course of the disease. 
Whereas mild cases may clear up in 2 or 
$ weeks, severe outbreaks often last for 
6, 7i or even 8 weeks. The canker or mouth 
types take longer to clear up. In such 
cases, starvation is the cause of death. 
Blindness often occurs after the closing of 
the eyes by severe infection of the eyelids. 
When the eye is involved, a yellowish 
cankerlike lesion develops on the mucous 
membrane of the lid. 

The flock mortality is usually tow, most 
of the losses being caused by blindness or 
starvation. Setback in development and 
loss in weight are of greater financial im- 
portance in the growing flock than the 
loss by deaths. As outbreaks commonly oc- 
cur a fesv days or weeks before market 
time, it is often necessary to postpone 
killing the birds for several weeks. If the 
flock escapes an outbreak before market 
time, the disease sometimes appears in 
the breeding birds and causes severe losses 
through lowered egg production and poor 
fertility. 

preveution. Vaccination with live-virus 
vaccine, together with the usual sanitary 
program, is the recommended method for 
preventing fowl pox in turkeys. The prob- 
lem differs from that in chickens because 
in the latter the effect of the disease and 
vaccination on egg production must be 
considered in the preventive pn^am. 


while in the former a meat-producing bird 
only is involved. Healthy turkeys respond 
to vaccination, when virus of diicken ori- 
gin is used, with little or no systemic dis- 
turbance such as sometimes follows vac- 
cination of chickens. Vaccines made from 
turkey strains of virus cause more severe 
reactions than tliose made irom chicken 
types, but the duration of immunity is no 
greater. Pigeon type vaccines produce 
little or no immunity in turkeys and 
should not be used. 

Attention is called to the possibility of 
stimulation of parthenogenesis in turkey 
eggs following the use of live-virus fowl pox 
vaccines (Olsen, 1956, 1962; and Olsen and 
Poole, 1962). 

Need lor vaccination. Fowl pox is so 
widespread in most turkey-growing areas 
that yearly vaccination of all turkey flocks 
is go^ insurance. 

The disease is probably carried to new 
areas by mosquitoes, birds, visitors, ani- 
mals, used feed sacks, and the introduction 
of new stock. Turkey growers who do not 
vaccinate should keep a constant watch 
for the first appearance of lesions and 
should immediately obtain advice on the 
best plan of control. 

Age for vaccination. The correct age to 
vaccinate turkejs will depend on the lo- 
cality. In some areas it has been found 
necessary to vaccinate them by the end of 
June, regardless of age, because the preva- 
lence of mosquitoes at that season spreads 
pox rapidly to all susceptible birds. There 
are considerable data to indicate that 
healthy turkeys can be vaccinated at any 
age. Dunn and Sherwood (1933) have suc- 
cessfully vaccinated day-old turkeys. Many 
growers have vaccinated successfully at 6 or 
8 weeks of age; the majority, however, at 10 
to 12 weeks. Extreme care must be taken, 
when vaccinating young poults, to prevent 
the vaccine from getting on parts of the 
body other than the area to be treated. 
Sometimes a careless operator, after 
spilling vaccine, holds the poult’s head 
with his contaminated hand. The young, 
tender skin is so susceptible that a severe 
case of generalized pox may follow. 



1283 


Chapter 41: D/SE4SES Of THE TURKEY 


As it requires from 4 to 8 weeks for the 
vaccination lesion (take) to disappear 
completely, turkeys should be vaccinated 
at least 8 weeks before market time. 

Vaccines of chicken pox origin will pro- 
duce immunity for about 6 months. It 
may, therefore, be advisable to revaccinate 
all birds which are to be kept for breeders 
6 or 7 months following the first vacci- 
nation. In order to be sure that such birds 
are no longer immune, it is a good plan 
to revaccinate a sample (100 birds) of the 
flock. If after a week the majority of the 
sample shows takes, the remainder of the 
flock can be revaccinated. If only a small 
percentage are susceptible, revaccination 
of the rest of the flock should be post- 
poned. If birds are revaccinated, it is 


good practice to use the opposite leg site 
for the second vaccination in order to 
avoid possible local skin inunumty which 
should prevent a good reaction. 

The uniig web is not rerommended as 
a site for applying the vaccine hecause of 
daaslioiu remits that have follotoed the 
use of this site. One flock of S-weckold 
poults under die obsei ration of tile 
irhich »as vaccinated in tile iveb of the 
wine liv the puncture method, suffered 
n-arlv a 50 per cent loss from fowl pox. 
I esmns developed on the head parts, m 
the inmith, and even in the mucous mem- 
brane of the upper 

lower esophagus. Figure 4 1.23 A and B 
shows the results of wing-web vaccina ion 
in an adult bird. At least 10 per cent of 
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the flock from which the bird came was 
affected in a similar manner. Such spr»d 
of the infection is worse during damp or 
foggy weather and apparently associated 
wiA the birds picking at the vaccinated 
area before immunity develops. 

Tie skin of the upper thigh has certain 
advantages over other sites for routine 
vaccination (Fig. 41.24). These are easy 
accessibility to the operator, absence of 
feathers, and inaccessibility to the vacci- 
nated birds or their penmates. Tlie last 
point is important from the standpoint of 
Che spread of fowl pox by fighting before 
immunity has been established. 

The same methods of applying the vac- 
cine are used for chickens and turkeys, 
and the reader is referred to the general 
section on fowl pox for these procedures. 
Figure 41.28 illustrates a method for 


handling turkeys while vaccinating them. 

Control of an outbreak. If fowl pox 
aj^ars in a flock, the following pro- 
cedure is recommended: 

1. Isolate all birds sliowing lesions. 

2. Vaccinate as soon as possible all 
birds not shosving lesions. 

5. Place infected birds in warm, dry 
quarters if available. 

4. Separate the males or keep careful 
watcli over iliem to prevent fighting. 

5. Treat infected birds individually by 
removing the scabs and touching the 
wounds vvith iodine, iodine oint- 
ment, or an antibiotic ointment. 

C. Individual feeding of valuable birds 
with Ute aid of a funnel and rubber 
tubing inserted into the crop may 
be advisable. 

Drugs lor internal treatment are not 


flG. 41.24 — (A) Restraint of 
turkey for vQccinofing on upper 
thigh. Note that the table is 
covered with newspapers. This 
aids in preventing undue spread 
of voccine. (8) A close-up, taken 
to show the suggested location. 
The long tuft of feathers that 
normally covers this naked oreo 
Is being held back by the vac- 
cinator's left hand. The heovy 
9'°** inkwell is a convenient 
holder for the voccine. To pre- 
vent excessive dust contamina- 
tion, it is covered with a piece 
of rubber with o small opening. 
(Hinihow, llniv. of Calif.) 
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recommended. Since loss of flesh and re- 
tarded development are the chief causes 
of economic loss in most outbreaks, care- 
ful management and attention to the feed- 
ing program during and after an outbreak 


are essential for a speedy return to normal. 
The course of the disease can be shortened 
by the use of shelter for roosting and by 
general protection from damp weather. 
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INFECTIOUS SINUSITIS (Swellhead, Air- 
Spc InfecHon, Chronic Respiratory Dis- 
ease— CRD, Airsacculitis, Mycoplasmosis) 

This disease is of great economic im- 
portance wherever turkeys are reared. It is 
characterized by inflammation of the lining 
membranes of the infraorbital sinuses, fol- 
lowing which the sinuses become distended 
n'l'th a semigelatinous exudate (Fig. -41.25 
A and B). Lower respiratory tract in- 
volvement is also seen, with the air sacs 
the most usual site of infection. The pe- 
riod of incubation is erratic and may vary 
from 1 week to several weeks. The first 
accurate description of the disease was 
probably made by Dodd (1905) in Eng- 
land under the name of “epizootic pneu- 
mocnieriiis.“ M'Fadyean (1893) had al- 
ready reported a similar disease in England 
'vhich be called “pneunio-endocartijus" 
and which may have been the same as 


that described by Dodd. Jn the United 
States, Tyrzer (1926) was the first to de- 
scribe it. The name “infectious sinusitis" 
was suggested by Dickinson and Hinshaw 
(1938) to differentiate it from the inflam- 
mation of the sinuses noted in vitamin A 
deficient turkeys. 

Excellent reviews on the disease compar- 
ing it to the similar disease CRD in chick* 
ens are given by Van Roekef cf aT. 
and Osborn and Pomeroy (1958a). In 
September, 1962, the U.S. Deparunent of 
Agriculture sponsored a workshop on 
Mycoplasmosis as it aifccls both diickens 
and turkeys. The report of tin's group 
(Anon,, 1962) summarizes the current status 
of the disease and makes specific recom- 
mendations on diagnosis, handling, and pre- 
venting outbreaks. Since it is generally ac- 
cepted that dironic respiratory disease 
(CRD) of chickens and mleciious sinusitis 
of turkeys arc etiologically similar, the 
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reader is referred to Chapter 13 for a de- 
tailed review. 

Etiology. It is generally accepted that a 
pleuropneumonialike organism, Afyco- 
plasma galliseplicum, is an inrportant etio- 
logical factor, if not the specific causative 
agent, of infectious sinusitis. A number of 
investigators (Jerstad and Hamilton, 1948; 
Groups and IVinn, 1949; Delaplane, 1919; 
Jerstad et al., 1950; Van Roekel et at, 1952; 
Grumbles et at., 1952) shosved the relation- 
ship of the two diseases before Markham 
and Wong (1952) succeeded in propagating 
the agents on a cell-free medium and iden- 
tifying them. 

Evidence is accumulating that there are 
multiple antigenic types of Mycoplasma 
prevalent in both turkeys and chickens, 
and that strains vary in their ability to pro- 
duce disease (Adler et ai, 1957; Crumbles 
et al, 1958; Jerstad et al, lD59c; Adler, 
1960; Kleckner, 19C0; and Yoder and Hof- 
stad, 1952). Evidence that Af. gallisepltcum 
in pure Culture can produce the respiratory 
phase of the disease in “germ-free” turkeys 
has been reported by Smibert et al (1959a). 
Winterfield (1953) describes a case in 
pigeons which was transmitted to turkeys 
and in which typical sinusitis developed. 


Van Roekel et al (1957), in a tedmical 
report on researdi on the etiology and 
patliology of CRD in chickens, iiidude a 
good historical review on the etiology of 
infectious sinusitis in turkeys. 

Signs. Two forms of the disease are 
recognized. The sinus form is the one 
from which the disease derives its name. 
The oilier is the respiratory form which in- 
volves Uic lower respiratory tract and es- 
pecially the air sacs and produces a syn- 
drome resembling CRD in chickens. Pro- 
dromes of the disease are given when birds 
shake their heads and when disdurges are 
found on the feathers over the wing where 
the bird has attempted to dean its nostrils. 
These manifestations arc followed by foam- 
ing of die eye secretions and by a dear 
nasal disdtarge. Swelling of the sinuses 
and, in advanced cases, a partial to com- 
plete closing of the eyes follow dtesc early 
signs (Fig. 41.25). The appetite remains 
good as long as ilic bird can sec to cat, As 
the disease progresses, the affected birds be- 
come thin. Labored brcaUiing, in some 
cases, results from air-sac involvement or 
from complete closing of the palatine open- 
ing because of pressure from tltc exudate 
in the sinuses. 
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Bacteria may cause similar clinical signs. 
Beach and Schalm {193G) produced ly-pi- 
cal sinusitis in turkeys with Hemophilus 
gallinarum, the causative organism of fowl 
coryra. Delaplane (1944) Isolated a 
Pasteurellalike bacterium from exudate 
in field cases of sinusitis in turkeys. This 
organism produced typical signs in chick- 
ens, and exudate from the infected sinuses 
of the chickens produced sinusitis in 
turkeys. The role which other microorgan- 
isms. including other Mycoplasma species, 
play in production of similar signs and 
lesions is reported by Smibert et al. (1959b) 
and Kumar et al, (19G3). 

Fahey (1956) described a chronic 
respiratory disease in turkeys from which 
he isolated both a virus and a PPLO. In 
the outbreaks described by him, 2 weeks 
after onset of respiratory symptoms, 40 to 
60 per cent of the birds were manifesting 
sinusitis. A review of the current status of 
the role of this virus as a cause of respira- 
tory disease in turkeys is reported by Sub- 
ramanyom and Pomeroy (1900). 

The disease must also be diflCTcntiated 
from sinusitis associated with vitamin A 
deficiency, hfcchanical injury caused by a 
piece of grain or mash or other foreign 
body becoming lodged in the sinus may 
result in a swollen sinus. As a rule these 
mechanical cases arc unilateral. 

Transmission. Jerstad el al. (1950) were 
able to transmit the disease experimeiually 
by instillation of infective material by 
eral routes. These included drop instiiu- 
lion into die palatine cleft of 2- and 3-<iay- 
old poults, instillation into the crop, intra- 
muscular injection, swabbing the 
and by contact with birds manifesting t c 
respiratory form of the disease, as svcll as 
by the usual procedure of injecting the in- 
fective material into the infraorbital si- 
nuses. Tlicy V'cre able to confirm Jung- 
hcrr*s (1949) contention that the tno com- 
mon manifesutions of the disease s»»o 
leii sinuses and air-sac infection - arc one 
and the same entity. The incubation jw- 
rioJ vatied from 2 weeks to 17 uceks.^ 
ubscrv'ations indicate the disease u a 
Uinie and that dust storms play an iiui»r* 


tant part in transmission. Air-borne trans- 
mission of the disease is more likely to oc- 
cur, according to the writers experience, if 
the lower respiratory form is prevalent. 

Tlierc is ample evidence to indicate that 
in certain stages, the disease may be trans- 
mitted in a small percentage of the eggs 
laid by infected birds. Jerstad ct al (1919 
and 1959a. b) demonstrated that trans- 
mission of the disease is possible, but some- 
what inconsistent. They concluded by ex- 
perimental as well as by field observations 
that infected breeders may transmit llic 
disease to some of their progeny. They 
found no evidence that so-called silent car- 
riers in a healthy flock arc an important 
factor in egg transmissions. Hofsiad 
(1957a), Richey el al. (1958). Osborn and 
Pomeroy (1958b). Abbott et al. (1900). and 
Kumar et al. (19G5) have reported .addi- 
tional evidence of egg transmission. 

Course and mortality. Sinusitis of the 
contagious type runs a dironic 
may exist in a flock for weeks. Although 
the number of deaths may be less than tn 
some more acute diseases, the finanaal Joss 
may be greater. Failure to gatn weight 
accounu for as much damage as docs mor- 

Necropsy findings. The filling of the 
sinuses with exudate. Uie presence of 
pneumonia, and plcurilis are mamfesta- 
dons of sinusitis. This disease may occur 
iviiliout imoUemenl of the otiicr retptra- 
lory petteges, but inllaititnetoty change. ... 
all the ictpiiatory organs may Iw noted. In 
mnie initanccs, the lesion, will he con- 
fined to the loner resp.ra.oni pasogc. 
without intohcincnt of the sinuses. Case, 
aid cfudate in the air tacs is common in 
acute ouibteal... When the lungs ate af 
fccld. the h.ondti arc diielly rancemd 

The caudate it. titc sinuses 
stage, is watery in coniiiicniy'. later w 
cornin'’ scmigelatinoui and finally awated 
Tud whWslt-Wlluw lit color. In .,piml om. 
hicaU caseation of the cxtulaie is die «■ 
muion. In sinutitii aisocaicd with siu- 
Su A def.rieiicy, the lesions dtiaibd 
“Her asiiamiimsis A wfll also be .«n. 

Keletcntcs on tlie raittoscopie paiholosy 
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of the disease include Jungherr (1949), 
Hiichner (1949a). and Barber (1962). Jung- 
herr reported that histopathologically ex- 
perimental sinus infection was character- 
ized in the early stages by seiere catarrhal 
inflammation of the mucosa and in the 
later stages by infiltration, fibrosis, and 
hyperplastic lympbofollicular nodules in 
the submucosa. Pneumonia and air-sac in- 
fections s\ere accompanied by develop- 
ment of massive lymphofollicular nodules 
rshich assumed a pathognomonic signifi- 
cance. Cordy and Adler (195'?) describe 
an encephalitis produced artificially in 
turkeys by a neurotropic strain of PPLO 
isolated from a naturally occurring case of 
infectious sinusitis which had exhibited 
symptoms of encephalitis. 

Final diagnosis depends on isolation and 
identification of the causative agent. 

Presention, control, and treatment. 
Turkeys which recover from sinusitis may 
remain carriers the following year, so all 
contact between them and growing poults 
should be avoided. 

Since egg transmission is possible, every 
effort should be made to eliminate from 
breeding programs those flocks that have a 
history of previous infections. 

The recent findings that the causative 
agent of chronic respiratory disease of 
chickens will cause the disease presenu 
another reason for keeping turkeys segre- 
g.ncd from chickens. 

It has not been possible to artificjally 
immunize turkeys against the duease (Ad- 
ler et al., 19G0). Recovery from the disease 
according to Adler and his associates does 
confer a measurable degree of immunity 
but docs not eliminate the carrier state of 
all recovered birds. 

Detection of carriers is possible by means 
of the hemagglutination inhibition (HI), 
tube agglutination, and slide agglutination 
tests using Af. gallUcpticum (S-6) antigen 
(Hofsiad. 1957b; Adler, 1958; and Adler et 
al., 1902). AlihougJi the slide agglutination 
test is less sensitive than die tube aggluti- 
nation test. Adler et al. (1962) stated that 
with an improved antigen they have found 
it suitable for routine testing. They 


cautioned diat an antigen satisfactory for 
testing chicken sera might be unsatisfactory 
for testing turkey sera. These serologic 
tests, according to Adler et al., are valuable 
to detect flock infections and the stage of 
disease in a flock but not in individuals. 
They are not recommended for use in re- 
peated tests for removal of reactors to 
eliminate the disease from a breeding flock. 
They might be used in selecting the market 
lime for birds that have gone through an 
acute stage of the disease. Both Hofstad 
(1957b) and Adler (1958) showed a re- 
duction in the serologic titer following 
medication. This suggests another possible 
application of the tests. 

A number of the states now have a Myco- 
plasma infection eradication program 
which is operated in conjunction with the 
puUorum disease-fowl typhoid program in 
cooperation with the National Poultry and 
Turkey Improvement Plans, (For details 
the reader is referred to his state official 
agency for these plans.) Elimination of in- 
fected flocks and the establishment of 
Mycoplasma-free breeding flocks as sources 
of replacement flocks are the primary ob- 
jectives of these cooperative plans. The 
general practices and recommendations 
used by them are outlined in the U.S.t).A. 
Committee Report on Mycoplasma galli- 
septicum Inspection in Poultry (Anon., 
1962). A recent publication by Rosenwald 
and Adler (1962) is also recommended. 

Madsen (1938) reported good results 
in the control of sinusitis, uncomplicated 
by lower respiratory involvement, by the 
use of 1.0 cc. of a 4 per cent solution of 
silver nitrate injected into the affected 
sinus after the removal of the sinus exu- 
date with the aid of a hypodermic syringe. 
Tyzzer (1926), Dickinson and Hinshaw 
(1938), and Hart (1940) have used a 15 
per cent ar^rol solution in a similar man- 
ner. AfcNcii and Hinshaw (1946) com- 
pared the efficiency of silver nitrate witli 
three colloidal silver preparations and two 
qshedrine remedies containing sulfona- 
mides. The latter were of no value, while 
the colloidal silver drugs were from 50 to 
70 per cent effective as compared with 
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about 85 per cent effectiveness of the silver 
nitrate. These silver preparations have 
little if any value in flocks where the major- 
ity of the birds are suffering from air-sac 
infection as well as swollen sinuses. 

The method, which can also be used for 
injection of antibiotics or other drugs, con- 
sists in withdrawing the gelatinous exudate 
from the sinus with the aid of a 5 or 10 cc. 
syringe fitted with a 15- or 16-gauge needle. 
iVs inches long. The needle is inserted 
through the skin and sinus membranes 
into the filled sinus. IWthdrawal of the 
syringe plunger will remove the semilluid 
exudate. The needle is left inserted in the 
sinus, and with a second syringe the rem- 
edy is injected and worked through the 
tissues by gentle massage. Care should be 
taken to avoid excessive dosage. 

These treatments cause considerable 
swelling of the affected areas, but this sub- 
sides within 2 or 3 days, and complete re- 
covery usually takes place within iO days. 
In severe cases a second treatment may be 
necessary. 

It is essential to administer Utts treat- 
ment in the early stages of the disease 
when the exudate is in a semigelatinous 
state. Figure 41.2G shows the method of 
inserting the needle for removal of Uie 
exudate, and for injection of the remedy. 
If silver nitrate solution is used, it diould 
be freshly prepared, and it is advisable (or 


the operator to use leather or rubber gloves 
because this remedy is caustic to Uie skin. 

Of Uic antibiotics tried, streptomycin, 
erythromycin, Tylosin, and dilorampheni- 
col appear to be die ones of dioice for in- 
jection into infected sinuses. Reports on 
the effectiveness of streptomycin have been 
publisluxi by Croup6 and \Vinn (1919). 
llitchner (1919b), Mc\rthur (1950), Clover 
(1950), and Crumbles and honey (1931). 
Hitchner found dial 0.6 ml. of a sterile 
aqueous solution containing 150 mg. of the 
drug, injected directly into the sinuses 
wiUiout removal of exudate, resulted in a 
liigli percentage of recoveries in 7 to H 
days. TJie cffeclne dose of Aurcomycin 
given by Hitchner is from 25 to 50 mg. 
Hamdy ei al. (1958), Holper el al. (1958), 
and Barnes et al. (1960) al! found crydiro- 
inycin to be effective against the sinusitis 
form if given intrasinally at die rate of SO 
mg. per sinus after die removal of the exu- 
date. Intramuscular injections or the use 
as a feed additive were both ineffective. A 
review on the use of Tylosin it given by 
Voder et al. (I9CI). 

In Engbod, Cook et al. (1963) have re- 
ported on tlic effective use of Spiramycin 
in the treatment of mycoplasmosis of tur- 
keys. Cure rates up to 90 per cent v»-ere re- 
ported following die sub^lancous injec- 
tion of single doses of 100 mg. per kilogram 
of body weight. The recommended site of 
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inoculation tvas the area at the base o£ the 
neck. 

The information available on the effec- 
tiveness of these drugs for the losscr 
respiratory type of the disease indicates 
that the broad-spectrum antibiotics are of 
value. Hildmer injected 150 to 250 mg 
of streptomycin into the dewlaps of five 
turkeys showing symptoms of only the 
lower respiratory tract type. Four of these 
became free of clinical signs within 8 
days and the fifth in 15 days following 
treatment. Injection of the drug into the 
dewlap had no effect on infected sinuses. 
Grumbles and Boney (1950) reported 
little or no effect on the lower respiratory 
disease following treatment with strepto- 
mycin. 

Grumbles and Boney (1951) used 
chloramphenicol and Terramycin in the 
feed for turkeys suffering from both the 
sinusitis and lower respiratory types of the 
disease. Chloramphenicol in an all-mash 
ration was effective in treatment of both 
types when given at levels of 0.25 to 0.5 
per cent in the feed for 8 to 12 days. Terra- 
mycin was not as effective in the few birds 
tried. 

Benton and Cover (1958) compared the 
effectiveness of injections of several of tlte 
nitiofurans, two antibiotics, and silver 
nitrate in treatment of experimentally 


produced sinusitis. The nitrofiirans were 
also used in drinking water and .ipplied 
as an aerosol (dusting). Results obtained 
wric not encouraging. Drugs injected 
directly into the sinuses were more effec- 
tive than those used in drinking water or 
as an aerosol. 

Osborn and Pomeroy {1958b) found that 
prolonged high-level treatment of turkey 
hens with broad-spectrum antibiotics did 
not completely eliminate egg transmission. 
Drug-resistant strains may complicate any 
control program (Fahey, 1957). 

The use of antibiotics for elimination of 
Mycoplasma sp. from hatching eggs as an 
aid in preventing spread by this means has 
been reported by a number of investigators 
including Chalqiiist and Fabricant (1959), 
Levine and Fabricant (1962), and Olson el 
al. (1962). The method consists in dipping 
warmed (37® C.) eggs into a chilled solu- 
tion of the antibiotic in an attempt to pro- 
duce sufficient absorption of Uie antibiotic 
from the dip solutions into the eggs to pre- 
vent infection of the developing embryo. 
Oxytetracycline, erythromycin, andTylosin 
have yielded encouraging results in Ute 
limited experiment.il trials reported. The 
practicability of this method of destroying 
microorganisms in hatching eggs is yet to 
be determined. 
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FOWL TYPHOID* 

Fowl typhoid is a septicemic infection 
caused by Salmonella gallinarum. Contact 
with chickens or yards used by fJn'ckms 
is an important factor in the spread of 
fowl typhoid to turkeys. Pfeilcr and 
Vcutfpj, mdi ^5%taviyiR; 

(1924), Martinaglia (1929), and Hinshaw 
(1930) reported the disease in turkeys 
reared on farms where it was also preva- 
lent in chickens. Evidence that the disease 
may be transmitted through the in 
the same manner as is pullorum disease is 
presented by Boney (1947), Hinshaw and 
Taylor (1933), and Johnson and Pollard 
(1940). Johnson and Pollard reported out- 
breaks in poults with clinical signs, tnortal- 

• See also Chapter 10. 


ity, and pathology comparable to those of 
pullorum disease. Usually, however, the 
disease is reported in mature or nearly 
mature turkeys. Vidovic (1931) claimed 
that strains of the causative organism iso- 
lated from turkeys were more pathogenic 
•hisii vn-rfftts ‘tvJriCfeh ^tnn t’lfa’KVtn. 'Tt'ra 
strains isolated from turkeys by Hin- 
shaw have appeared identical to those 
isolated from other fowl. A more complete 
list of references is included in the genera! 
section on fowl typhoid. 

Signs, course, and mortality. Increased 
thirst, loss of appetite, listlessness, tendency 
to separate themselves from the well birds, 
and p-eenish to greenish-yellow diarrhea 
characterize the disease in the field. The 
sick turkeys sit with drooping tails, sagging 
wings, and heads hung low or carried back 
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over the body and resting on or under the 
wing. As indicated by the increased thirst, 
the body temperature rises several degrees, 
to as high as 112° F., until just before 
death, when it may drop as low as 103° F. 

Often birds die without having shown 
any previous clinical signs, but usually they 
linger for a day or two after the signs 
appear. Several outbreaks may occur in a 
flock in a single season, or the original 
one may be acute and last for only a few 
days. Intermittent outbreaks are more 
liable to occur if the birds are left on the 
originally infected premises or have con- 
stant contact with carrier chickens or 
turkeys. The initial outbreak usually 
causes the heaviest mortality, which is fol- 
lowed by intermittent recurrence in a few 
birds, with a low mortality at each sub- 
sequent flare-up of the disease. Although 
the average mortality in four outbreaks 
studied was 26.5 per cent, heavier losses 
have often been reported. One flock owner 
lost 169 out of 175 turkeys during the fall 
and winter in intermittent outbreaks. In 
very young poults the signs, course, and 
mortality are similar to pullorum disease. 

Necropsy findings. The lesions resemble 
those observed in chickens. Because of the 
short duration of the disease, the birds 
nearly always die while in good flesh. The 
muscles of the breast have a tendency to 
be congested and often appear as if par- 
tially cooked. The heart is usually swollen 
and contains small, grayish necrotic areas 
or petechiae; in a few cases both have been 
observed. The liver is friable and is con- 
sistently enlarged to two or three times its 
normal size; it is bronze- to mahogany- 
colored or covered with a mixture of 
bronze- and mahogany-colored streaks. Pin- 
point areas of necrosis have been noted. 
On cutting the organ, the blood flows 
readily. The spleen is always enlarged to 
two or tliree times its nonnal size, is fri- 
able, and appears mottled. In most birds 
the lungs present a parboiled .ippcarance 
3nd often arc more firm than normal be- 
cause of minute cascaied abscesses. The 
kidneys are usually enlarged and may 
show some petccliiae. 


The crop usually contains food, which 
suggests par-ilysis of the digestive tract, 
since birds seldom eat after clinical signs 
appear. The mucous membrane of the pro- 
ventTJculus sloughs readily. The gizzard 
contains food, and the lining is easily re- 
moved. VVtth a few exceptions the intes- 
tine appears anemic when viewed from 
the exterior, and ulcerations of die mu- 
cous membrane may be visible through 
the serosa. Ulceration is most severe in the 
duodenum; a few ulcers from 1.0 to 4.0 
mm. in diameter have been observed 
throughout the intestine, extending to the 
ceca. 

The enlarged mahogany- or bronze- 
streaked liver, the enlarged spleen, the 
area of necrosis in the heart, and dtc gray- 
ish lungs are pathognomonic. Hemor- 
rhagic enteritis, especially of the duo- 
denum, and m.uked ulceration of die in- 
testine, although uncommon in chickens, 
are more or less consistent lesions in tur- 
keys. Solmonella gallinarum, the causative 
organism, can readily be isolated from all 
organs. In birds diat have been dead for 
some time, pure cultures are more easily 
isolated from die bone marrow than from 
the liver, spleen, and heart blood. 

In young poults Johnson and Pollard 
(1940) described the following necropsy 
findings: an increased percentage of large 
retained yolks, slightly enlarged somewhat 
friable liver of a white creamy color, with 
die surface mottled with sliglu hemor- 
rhagic areas, and slight congestion in the 
anterior duodenum. The crops, gizzards, 
and intestines were always devoid of food, 
indicating lack of appetite for several 
hours before death. In adult carriers, 
there is, as in die case of pullonim dis- 
ease, a predilection for the reproductive 
organs (Fig- 41-27). 

Prevention, control, and treatment. Since 
cliickcns are .ipj>arcnily the most common 
carriers of the disease to turkeys, the tvwi 
species should never be allowed to 
mingle. It is equally imiwrtant to keep 
turkeys from yards or ranges dut have rc- 
cendy been used for cliickcns. 

Surwii-orj of an outbreak ihould not be 
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FIG. 41.27 — Ovary from turkey hen, 
showing affected ova caused by 
fowl typhoid. No normal ova were 
present. (Hinshaw, Univ. of CalifJ 



kept for breeders because of the danger 
of transmission of the disease through tlie 

egg- 

It has been the general experience of 
research workers that drugs which are ef- 
fective in reducing mortality are not ef- 
fective in eliminating carriers. 

Poults for replacements should be pur- 
chased only from hatcheries which can 
guarantee the poults to be free of the dis- 
ease, i.e., U.S Pullorura-Typhoid Clean 
or Passed or of an equivalent grade (Nat. 
Poultry and Turkey Improvement Plans 
1963). 

Control depends upon eliminating the 
infection in the flock. The removal of all 
sick birds and the transfer of the well 
birds to a new range that has not been 
used for either chickens or turkeys is 
recommended. One method for separating 
sick birds from svell ones in an aoaie out- 
break is to take the temperatures of all 
birds in the flock and eliminate those 
showing temperatures above 108® F. 

The successful control of fowl typhoid 
in turkeys by the use of furazolidone, if 
given early in an outbreak, has been re- 
ported by Grumbles et al. (1954) and 
Cosgrove (1954). Grumbles et al. found 
that 100 gm. of the drug per ton of feed 
given as late as 3 days following exposure 


presented mortality. ^VIlen given at the 
rate of 50 gm. per ton continuously begin- 
ning 3 days before exposure, at the time of 
exposure, and 3 days aher exposure, 
mortality was prevented, but this amount 
did not provide a desirable degree of pro- 
tection if started 5 days after exposure. 
Cosgrove stopped mortality in field out- 
breaks by giving feed containing 100 gm. 
per ton for 3 days and then feeding 50 gm. 
per ton until the disease was under control. 
This drug is relatively insoluble in water 
so must be given in the feed or administered 
individually. Grumbles reported that in a 
limited number of trials sick turkeys were 
successfully treated with 100-mg. capsules 
of furazolidone per bird per os. Attention 
is called to the observations of Hall and 
Cartrite (1961) and Stuart et al. (1963) that 
continuous feeding of furazolidone may en- 
courage the development of resistant 
strains of Salmonella gallinarum. 

In vitro and in vivo (with chickens) 
studies on the sensitivity of S. gallinartim 
to antibiotics (Glantz and Gordeuk, 
1955) showed that chloramphenicol and 
aureomycin are of value against this dis- 
ease in chickens. Chloramphenicol given 
at the rate of 200 mg. per bird per day per 
os or 1 to 2 gm. per pound of feed gave ex- 
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cellent protection if started on the day of 
infection. A relapse occurred when treat- 
ment was discontinued. Aureoraydn at a 
level of 1 gm. per gallon of water was not 
effective. When it was given at the rate of 
1 gm. per pound of feed, losses were only 
reduced to 25 per cent, but there was no 
relapse svhen the treatment was discon- 
tinued. Richey and Morgan (1959) success- 
fully controlled artificially produced fowl 
typhoid in poults by administration of 
Chloromycetin at the rate of 1.0 gm. per 
pound of feed providing treatment was 
started 5 days before inoculation and 
continued for 10 days. Treatment did not 
prevent development of carriers in survi- 
vors. 

As Ae greatest source of the spread of 
the disease is the droppings, the roosts 


should be screened to prevent the birds 
from having access to them. Sick birds 
should be taken out of the flock as soon as 
noted; frequent changes of the watering 
and feeding areas should be made; and 
whenever many new cases appear, the 
flock should be moved again to new 
quarters. 

Next to the droppings, the greatest 
sources of infection are the food and 
water containers. They should be cleaned 
and disinfected daily or even oftener. In 
the absence of running water, fresh, clean 
water should be given several times daily. 

Experimental work has not demon- 
strated that vaccination witli fowl-typhoid 
bacterins is effective for preventing or 
controlling the disease in turkeys. 
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NEWCASTLE DISEASE 

The reader is referred to the more com- 
plete discussion of this disease in Chapter 
22. Turkeys are susceptible to Newcastle 
uisease; the signs and pathology are similar 
seen in chickens. 

Turkeys should not be reared in close 
proximity to chicken-rearing communities 


where the disease is prevalent. If it is 
necessary to so rear them, vaccination of 
the turkeys should be considered. 

SALMONELLOSIS (Poratyphoid) 

This group of diseases is one of the 
major causes of losses, espedally in young 
turkeys. This section deals with the types 
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other than S. puUorum and S. gallinarum 
infections (pullorum disease and fowl 
typhoid). For further reading. Chapter 9 
and a reviesvr on salmonellosis by Edwards 
(1958b) are recommended. A revised, sim- 
plified scheme for serological typing has 
been compiled by Kauffmann and Edwards 
(1957), Kauffmann (1959), and Edwards 
(1962). Buxton (1957) gives a review of 
salmonellosis in animals. Espedally valu- 
able are the groupings of serotypes by iso- 
lations according to animal species con- 
tained in this reference. 

Over 800 serotypes of Salmoneliae have 
been described (Edwards and Ewing. 1%2). 
The following list records 102 types which 
have been reported from turkeys. When 
the list was first compiled for the third 
edition in 1952, 62 types were recorded. 
From 1952 to 1959 an additional 19 types 
were added. Since the publication of the 
fourth edition in 1959, six more have been 
reported: these are S. denver, S. java, S. 
Johannesburg, S. Itvingslon, S. manila, and 
S. uno, all from United States (Moran. 
1961). 

No additional serotypes from other 
countries were found in the literature re- 
viesved. Gordon and Tucker (1957) report- 
ed ihe isolation of S. infantis from a tur- 
key poult in England and stated that this 
appeared to be the fint isolation of this 
type from turkeys. It probably is the first 
published case, although S. miantis was 
listed from turkeys in the third edition. 
The report for that listing was obtained 
from Dr. P. R. Edwards in a personal com- 
munication. S. infantis is now frequently 
isolated from both turkeys and chickens in 
the United States. Moran (1961) lists 78 
isolations from turkeys and 94 isoladons 
from chickens for the period of lanuarv 
1957, to July, 1961. Dixon (1962) report^ 
the isolation of S. menston from two 
turkeys in a survey made of two turkey 
processing plants in England It was first 
reported by Colbeck et al. (1951) from Eng- 
land. 

This list, probably incomplete, was €»m- 
piled through the cooperation of research 
workers and diagnostic laboratory direc- 


tors, and by a survey of the available world- 
wide literature. Earlier references include 
Edwards (1939), Saxer (1932), Nakamura el 
al (1939), Bruner and Moran (1949), Ed- 
w’ards and Hermann (1949), Bruner (1951, 
1956), Edwards and McWhorter (1953), Ed- 
wards et al. (1954), Lukas and Bradford 
(1954), McWhorter and Edwards (1956), 
and Burr et al. 1957). Personal communi- 
cations contributing to the list are 
acknowledged from Browne (1958), Bruner 
(1958), Dickinson (1958), Edwards (1958), 
Pomeroy (1958), Van Ryzin (1958), and 
Worcester (1958). Summaries of isolations 
of Salmonella serotypes from turkeys in 
England are given by Colbeck et al. (1951), 
Smith and Buxton (1951), and Buxton 
(1948, 1957). The long list of Salmonella 
types now known to be capable of produc- 
ing disease in turkeys becomes more sig- 
nificant when one considers that the first 
report of losses in turkeys in the United 
States was made as recently as 1933 (Rett- 
ger el al., 1953). In a summary by Edwards 
el al. (1948) over 2,200 additional outbreaks 
and 40 new types were added to the origi- 
nal list given by Edwards (1939). Of 19 
types found in California outbreaks (Hin- 
shaw et al., 1944), S. typhi-murium ac- 
counted for 60 per cent. This type is still 
one of the most important causes of turkey 
losses. It is also one of the most common 
types isolated from other animals, includ- 
ing man. Saxer (1932) reported an out- 
break caused by S. entcritidis (Gaertner 
type) after feeding turkeys meat from a 
calf suffering from navel infection. Naka- 
mura et al. (1939) also reported an out- 
break in Japan caused by S. enterilidis. 

The ten most frequently reported types 
in turkeys in the United States from 1957 
to 1961 according to Moran (1961) were 
S. typhi-murium, S. san diego, S. anatum, 
S. newport, S. Heidelberg, S. saint-paul, S. 
Chester, S. munenchen, S. bredeney, and 
S. ententidis, in the order given. 

Transmission. Evidence that this group 
of diseases may be transmitted through 
Ae egg in a manner similar to pullorum 
disease has been presented by Cherring- 
ton et al. (1937), who succeeded in iso- 
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lating S. typhi-murium from 2 of 6 ovaries 
removed from reacting turkeys, and from 
3 of 30 “dead-jn-shell” embryos. Lee et al. 
(1936) in an earlier paper reported the 
isolation of this organism from 4 of 10 
ovaries removed from artifidally infected 
turkey hens. S. typhi-murium has been 
isolated from both the ovary and oviduct 
of turkey hens by Hinshaw and McNeil 
(1943). 

The incidence of S. typhi-murium in 
eggs laid by carriers is not high according 
to the literature available and our own 
experience. Pomeroy and Fenstermacher 
(1939) reported the isolation of paraty- 
phoid organisms from 7 out of 200 incu- 
bated eggs that failed to hatcli. S. typhi- 
murium was isolated from the ovaries of 
2 of the 9 reactors that laid the above- 
mentioned eggs. Pomeroy and Fenster- 
raacher (1941) showed that S. lyplii- 
murium will pass through the unbroken 
eggshell and infect developing embryos, 
some of which hatch and become a source 


of infection to normal poults. Bigland and 
Paps (1953), Frank and Wright (1956), 
and Wright and Frank (1956) have con- 
firmed these results. Frank and Wright 
found that dipping eggs, artificially in- 
fected with 5. typhi-murium, in sodium 
hydroxide at concentrations up to 2 per 
cent for 5 minutes failed to prevent pene- 
tration of the eggshells. They also showed 
that lower specific gravities (< 1.070) 
favored penetration. 

Hinshaw and McNeil (1943) reported 
that 81 per cent of adult S. typhi-murium 
carriers yielded the organism from the in- 
testines, in contrast to 17 per cent whicli 
yielded it from the reproductive organs. 
Gauger and Greaves (1946) made similar 
observations in attempts to isolate S. 
typhi-murium from eggs laid by naturally 
and artificially infected hens. In their 
studies a much higher percentage of posi- 
tive isolations was made from the outside 
of the shells than from egg contents. Like- 
wise, necropsy of the birds shotted a 


LIST OF SALMONELLA ISOLATED FROM TURKEYS 


S. alaehua 

S. derby 

5. albany 

S. dublin 

S. amager 

S. duesseldorf 

S, amhersliana 

S. eastboume 

S. anatum 

S. «nt<r{U<li< 

S. banana 

S. edinburg 

S, bareilly 

S. fresno 

S, betkeley 

S. florida 

5. berta 

S. gaminara 

S. btnta 

S. give 

S. blackley 

S. grumpensit 

S. bovis-morbificans 

S. hamilton 

S. brancaster 

S. harrisonbisrg 

S. braenderup 

S. Heidelberg 

S. bredeney 

S. illinoss 

S. budapesl 

S. Indiana 

S. California 

S. infantU 

S, Cambridge 

5. irumu 

S. canoga 

S. java 

S. cerro 

S. javiana 

S. Chester 

S. Johannesburg 

S. cholerasuis 

S. kaapstad 

S. concord 

S. kentucky 

S, corvalhs 

S. kingslon 


S. lexinglon 

S. denver 

S. Iitchpeli 

S. livingilon 

S. london 


S. madetia 5 saint-paul 

S. manhattan S. san-diego 

S.moniia S. jehwaTungruni 

S. meUagndit s. siegburg 

S.menilon S.sett[tenbgTg 

S. mgulani S. timsbury 

S. minneapolis y. Stanley 

S. yninntjola S. tofeorarfi 

S. taisony 

5. montevideo y. tel-auiv 

S. muenchen {Oregon) y. lennessee 

S. mtiensler s. ihomtttvtUe 

S. Bcw.ftniwa'Jf* y. 

5 . neatngton S. typhi-murium 

S. newport (pueris) y. typhi-murium 

S. andentepooil var. Copenhagen 

S. oranienburg y. Uganda 

S. orion S. uno 

S. panama {italtana) S. urbana 
S. paratyphi-B S vejle 

S. pomona ifichita 

5. poona S. Worcester 

S. reading S- worlhinglon 

S.TUtgerr 

s. Twfrtstew 
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higher incidence of S. typhi-murium iso- 
lations from the digestive tract titan from 
the rcproductise tract. 

From the information available it would 
seem that the important means of egg 
contamination and subsequent infection 
of the poult is from infected intestinal 
contents coming in contact with ilie shell 
during expulsion from the body or in the 
nest. Ovarian transmission, however, must 
not be ignored. 

Boyer el al. (1962) discuss the role of 
Salmonella-contaminated feed in the trans- 
mission of the disease. They conclude that 
this is an important source of the disease in 
turkeys and stress the need for eliminating 
this source of infection. 

Yamamoto el al. (1961) made an experi- 
mental study of 5. lyphi-muTtum infection 
in market-age turkeys. The turkeys used 
in the experiment were infected by inocu- 
lations into the crop, and were kept under 
observation for 35 to 44 days. At the end 
of 14 days 83.4 per cent were shedding the 
organism in feces, and 27.8 per cent svere 
still shedders at the termination of the 
experiment At necropsy, one of 18 birds 
yielded a positive culture from the repro- 
ductive tract m contrast to 11 positive 
cultures isolated from the intestinal tract. 
Shells of eggs laid yielded positive cultures 
but conicnts of incubated eggs were nega- 
tive. There was a 38.8 per cent correlation 
of serologic response and positive culture 
isolations at the termination of the liial. 

Signs. The signs in young poults are in- 
distinguishable from pullorum disease. 
The age at whidi poults may be aSccted 
ranges from a few days after hatching to 
maturity. In general, however, the age inci- 
dence is that of pullorum disease-from 5 or 
4 days of age to 1 month. The age at which 
the disease is first observed in poults will 
de])end on whether the poults are infected 
vkhile in Uic incubator or after being placed 
in ilic brooder. In one outbreak studied, 
symptoms vvere seen 2 days after the poults 
were taken from the incubator, indicating 
transmission in the incubator soon after 
the eggs iud started to hatch. 


Diarrhea in young poults is not con- 
stant and often poults normal in the 
evening may be found dead in the 
morning. ^Vhere death is delayed for 
several days, weakness, unthriftiness, sag- 
ging wings, and diarrhea are characteristic 
symptoms. Many poults that survive for 
several days will become emaciated, and 
the feathers around the vent will be mat- 
ted with fecal material. Higgins et al. 
(1944) reported inBammation and swelling 
of the leg joints of poults suffering from S. 
enteritidis infection. 

In older turkeys, * loss of appetite, un- 
ihrifdness, loss of flesh, and a general un- 
kempt appearance have been most com- 
monly observed. Diarrhea may or may not 
be in evidence. Death usually follows after 
several days of sickness. 

Necropsy findings. Inflammation of the 
duodenum, congestion of the liver, kidney, 
gallbladder, and heart muscle are the 
most constant postmortem findings. The 
pericardial sac is often filled with a serous 
straw-colored fluid. Another common find- 
ing is a cecal plug similar to that some- 
times seen in pullorum disease. Lung and 
heart lesions are rare, but air-sac involve- 
ment is common. 

In adult turkeys, marked inflammation 
of the intestine with occasional necrotic 
ulcers is seen. The liver and spleen in 
these cases are usually swollen and con- 
gested. Diagnosis depends on isolating and 
identifying Uie causal organism. 

Prevention. Prevention consists in ob- 
taining stock vvhidi is free of the disease 
and in preventing the birds from being 
exposed to other animal reservoirs of in- 
fection. Salmonella-contaminated feed 
must also be avoided. Most of the types of 
Salmonella responsible for losses in turkeys 
are also prevalent in other animals includ- 
ing roan. Thus the program of prevention 
must be extended to all animals on the 
rancli. Eradication of rats, mice, flies, and 
reptiles is essential. If the disease is diag- 
nosed in any group of poults, these poults 
should be reared separately from other 
groups. Such infected groups should never 
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be used for breeders. 

^be agglutination lest as an 
aid in determining the presence or absence 
of the disease on the premises will depend 
on the facilities available for having sudt 
tests made. Each ranch must be handled 
as an individual unit when making pi ans 
for testing. A separate test must be made 
for each species isolated, and complete 
knowledge of the disease history of the 
flock is essential to a successful program. 

agglutination test for the paraty- 
phoids is more complicated and, as now 
conducted, more subject to variation tlian 
» the one for pullorum disease. To con- 
oct it properly, the laboratorian must be 
thoroughly familiar with the antigenic 
structure of Salmonellae and be able ac- 
curately to interpret results. It is abso- 
uiely necessary to know the type causing 
the disease, and, as may often be the case, 
tnay be two or more species respon- 
stble (Edwards and Bruner. 1940). If die 
complete history is known and a compe- 
tent laboratory i$ available, testing may 
be advised (Hinshaw and McNeil, 1943; 
McNeil and Hinshaw, 1951; Yamamoto el 
al. 1962). 

A Salmonella and Arizona typing center 
for strains isolated from nonprimate ani- 
mal sources has been established by the 
United States Department of Agriculture 
Tbe mailing address for 
the Center is Salmonella Typing Center, 
U.S.D.A.-A.R.S., National Animal Disease 
Laborato^. Box 70, Ames, Iowa 50011. 

According to 'VVilliaras (Chapter 9), at 
least three slates, Minnesota, California, 
^nd Texas, have official rules and r^ula- 
imns including a blood-testing program for 
^nttol of S. typhi-murium infection. The 
California system is desaifaed by Delay el 
(1955) and Goetz (1962). In any pro- 
P^m, the agglutination test should be only 
used to locate diseased flocks and these 
should be eliminated from the breeding 

program. 

Preincubation fumigation of hatching 
is being used by many breeder flock 
owners as a preventive measure to reduce 
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the chances of egg contamination. The 
method described by Stover (1960) is in 
general use for this procedure. For details 
see Chapters 5 and 9. 

Hatcheries and egg-selling groups can 
help prevent the ^oup of diseases from 
spreading by keeping thoroughly familiar 
with all the ranches furnishing hatching 
eggs. Frequent use of the diagnostic 
laboratory is urged during the brooding 
season in order to insure a high percentage 
of diagnoses of the outbreaks which occur. 
Whenever a diagnosis is made, the owner 
should be made familiar with the problem 
and responsibility he has in preventing 
the spread of the disease. Often, when 
only one brood is affected, it will be good 
insurance to destroy all the survivors. In 
any case, surviwrs of an outbreak nor- 
mally should not be used for breeding pur- 
poses. 

Other animal and bird reservoirs on 
the ranch must also be eliminated if the 
disease is to be eradicated. Cats, flies, and 
even snakes and lizards are important 
carriers of this group of diseases, and 
should not be overlooked in outlining the 
control program (McNeil and Hinshaw 
1944; Hinshaw and McNeil. 1945. 1947). 

Treatment and control. Pomeroy et al. 
(1948) reported that sulfathiazole, sulfa- 
guanidine, and sulfadiazine are about one- 
half as effective in reducing losses from 5. 
typhi-murium infection among poults as 
compared with chicks similarly infected 
and treated. In general the sulfonamides 
are more toxic for poults than for chicks 
and must, therefore, be used with caution. 

Furazolidone was used successfully by 
Smith (1955), Wilson (1955), and Bierer 
and Vickers (1960) for treatment of experi- 
mentally produced S. typhi-murium infec- 
tion in turkey poults and chicks. The 
usual practice in the United States, 
according to Sieburth (1957a), is to use 
a 0.005 per cent lesel continuously for 
prevention and a 0.01 per cent level 
for treatment of Salmonella infections. 
Sieburth also reported tliat furazolidone 
at these levels suppressed the formation of 
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agglutinins but not the formation of in- 
direct hemagglutinins (Sieburth, 1957b) 
to S. lyphi-munum in orally infected 
chickens. Because of his findings, the use 
of this drug should be avoided until com- 
pletion of pullorum and paratyphoid 
testing programs. 

These drugs have not proven of value 
in eliminating carriers from an infected 
flock, and should only be used for the pur- 
pose of salvaging as many as possible sur- 
vivors. Salvaged birds should not be sold 
tor meat puriMscs until thoroughly recov- 
ered from the disease. 


West £l al. (1945) studied the effect 
of streptomycin in vitro on 412 cultures of 
all the recognized types of Salmonella. 
The majority of the strains required from 
two to four times as much streptomycin 
to inhibit growth as did a standard test 
sirain of £. coli. Bacterins for prevention 
and control cannot be recommended. The 
multiplicity of types makes the general 
use of bacterins as impossible as a gen- 
eralized testing program. 

See Chapter 9 for a detailed discussion 
on control and treatment. 
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Arizono Infections (Paracolon Infections) 
For a more complete discussion on para 
colon infection of birds, the reader U re- 
ferred to Chapter 9. The diseases included 
in this group are caused by Grain-negath-e 
bacteria whidi are serologically and bio 
chemically related. They occupy a position 
between the coliforms and Salmonellae 
and possess characteristics common to 
bo til. 

Paracolon types belonging to the Ari- 
zona group (Edwards et al., 1947, and 
Edwards et al., 1956) are most often the 
cause of disease in turkeys They cause 


clinical signs indistinguishable from those 
seen m salmonellosis. Eye involvement is 
common in this disease. Reports on para- 
colon infections have been made by a 
number of research workers including 
Hinshaw and McNeil (1944, 1946), Bru- 
ner and Peckham (1952), Goetz and 
Quortrup (1953), and Goetz et al. (1954, 
1955). 

Pievention, control, and treatment are 
the same as for salmonellosis. Transmis- 
sion through the egg has been proven, so 
it is essential that infected flocks are not 
kepi for breeders. 
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PULLORUM DISEASE* 

This disease, caused by 5afmoncHo 
pulloTum. has been inoeasing in economic 
importance to the turkey indusuy since 
the advent of the commercial hatching ol 
turkey eggs. It was first described in tur- 
keys by Hewitt (1928) in Mmnesou and 
has since become widespread among tur- 
keys in America as well as in some of the 
other countries of the world. Comprehen- 
sive reviews of the Hieraiure have been 
given by Titislcr (1932), Johnson and 
Anderson (1936), Hinshaw (1959), and 
Carpenter et al. (1949). Investigators in 
other countries who have reported on the 
disease in turkeys include Dalling et al. 
(1929), Jansen (1952), and Baiboni (1937). 

1‘icvious to 1938 when Johnson and 
Anderson rcjxuicd an outbreak vvhich ap- 

* See alio Qiapter 8. 


parently originated from eggs laid by tur- 
key carriers, all tlie evidence pointed to 
cliickens as the main source of the infec- 
tion in turkeys. The disease, however, 
soon became established in many turkey 
flocks, and the cycle of Infection has been 
shown to be identical to that for chickens 
(Hiruhaw et al, 1942; Carpenter et al, 
1949; and Gwatkin and Dzenis, 1953). 

Signs. The clinical signs in poults are 
similar to those described for chicks. The 
disease is usually acute, and many poults 
die without showing noticeable signs. 
Sick poults seem cold and sit around the 
hot part of the hover space. Their wings 
“gp their heads hang, and their feathers 
appear unkempt. The skin over the fed 
and legs usually appears dry and somewhat 
wrinkled. Diarrhea may or may not be 
present; but in most of the cases that are 
prolonged for 2 or 3 days, diarrhea is in- 
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dicated by the pasting of the down around 
the vent. Labored breathing, due to pneu- 
monia, is commonly observed. 

Course and mortality. Most of the losses 
occur during the first 3 rveeks after hatdi- 
mg and may start as early as the second 
day. It is not uncommon for relapses to 
occur at any time up to maturity, with 
varying degrees of mortality. Frequently, 
when survivors of an early age outbreak 
reach 9 to 10 weeks of age and are trans- 
ferred to a growing ration or moved to 
new quarters, a second outbreak occurs 
with a subsequent mortality of 5 to 15 
per cent. Outbreaks may occur in turkejs 
5 to 6 months of age. Losses of this age 
group have, as a rule, been small. Sub- 
acute outbreaks have been experienced in 
breeding flocks after they are in production. 
Such outbreaks are attributed to trans- 
mission by eating infected eggs and subse- 
quent spread by the intestinal shedders 
of the organisms. 

The mortality in poults under I month 
of age varies from less than 10 to as high 
as 100^ per cent of a brood, depending on 
die virulence of the organism and the 
management of the brood. 

Necropsy findings. Minute caseous ab- 
scesses in the lungs and heart muscles 
similar to those seen in chicks are the 
most characteristic lesions. Similar ab- 
scesses may be found in the gizzard 
muscles. The intestines usually lack tone 
and contain an excessive mucous discharge. 
Cecal cores are seen, but lliey arc not 
pathognomonic. The liver is often con- 
gested and swollen and may be of an 
ocher to a bronze color streaked with areas 
of congestion. Pin-point areas of necrosis 
3re common. 

The postmortem findings in partially 
grown poults are similar to those seen in 
lounger ones, but these are usually less 
pronounced. Lung lesions arc only «w- 
casionally seen, but necrotic foci in tlic 
liver are frequent findings, as arc nodules 
m die gizzard and catarrhal enteritis. 

The lesions seen in adult carriers are 
similar to Uiosc seen in carrier cliickens 
3nd are principally confined to the re- 
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productive tract. 5. pullorum has also been 
isolated occasionally from the lungs, in- 
testines, bursa of Fabricius, and liver, and 
in one instance from the testes of reacton. 
A frequent finding in adults that have 
been killed in subacute outbreaks is 
marked ascites. In these cases as much as 
1,000 cc. of fluid containing yellowish 
caseated flaky masses may be removed 
from a single bird. As a rule, such speci- 
mens yield S. pullorum from all tissues in- 
cluding the intestines. 

Prevention, The first prerequisite in a 
program of prevention is to establish a 
source of pullorum-disease-free eggs. The 
second is to have such eggs hatched in a 
hatchery that accepts eggs only from 
puIIorum-disease-free flocks of turkeys, 
chickens, and other fowl. The third is to 
brood and rear the poults in brooders with 
equipment that has had no contact with 
birds of any speries that have had pul- 
lorum disease. If these three prerequisites 
arc followed together with a good man- 
agement program, there is little danger 
(hat pullorum disease will become es- 
tablished in a flock of turkeys. 

When an outbreak occurs, it is recom- 
mended that the survivors be marked and 
reared separately from broods that have 
not iiad the disease. Such groups of sur- 
vivors should be sold for market and 
never kept for breeders. They should be 
marketed before they start to lay eggs. 
The remainder of the birds on the 
premises, if iliey arc to be kept for breed- 
ers. should be tested by means of the tube 
agglutination test. According to Hinshaw 
et at. (1912), this test, using a 1:25 di- 
lution. made according to the procedure 
recommended in the National Poultry and 
Turkey Improvement Plans and Auxiliary 
Provisions (1963) is a reliable aid in 
locating pullorum-discasc-frce flocks. Hin- 
shavvete/. (1910) reported that Uic whole- 
blood stained antigen test was 50 f>er cent 
as cQicicnt as ilie standard tube test for 
detecting carriers of S. pullorum. Several 
investigators sudi as Bushnell (1915), Cor- 
pron et at. (1917). Gauger (1917). Garland 
et at. (1919), and Wright et al. (1957) 
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FIG. 41.28 -(A) Type of 
catching chute for handling 
lorge numbers of turkeys for 
vaccination, blood collection, 
or other purposes. <B} The 
same arrangement showing 
how a bird can be removed 
from the side, by reaching 
through the burlap "fence," 
without disturbing the Other 
turkeys. (Kinshaw, Univ. of 
Col<f.) 
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FIG 41.30— Pullcrum dis«Qte Equipm«ni used by o bl*»ding crew for cellectinB blood 
tamplei by the eyringe technique. (Hinchow, Univ. of Colif.) 


Increasing the heat in the brooder may be 
helpful in preventing excessive loss. Clean- 
ing and disinfecting the water fountains 
and feed hoppers several times daily and 
the use of fresh, unadulterated water are 
also recommended. 

Bottorff and Kiser (1947), Mullen 
(1946), Anderson (1946), and Pomeroy 
et al (1948) have shown that mortality 
can be reduced by the use of sulfonamides 


FIG. 41.31 —Type of rock used by the Califor- 
nia Poultry Improvement Advisory Board for 
holding blood somples during the bleeding 
procedure. (Hinshaw, Univ. of Calif.t 


given at the rate of 0.25 to 2.0 per cent 
in the mash for periods up to a week. 
Drugs tried by these investigators include 
sulfamerazine, sulfadiazine, sulfameth- 
azine, sulfapyrazine, and sulfaguanidine. 
Complete prevention of losses has not been 
reported. Pomeroy el al. concluded that 
the sulfonamides tried by them were of 
little or no value in reducing mortality 
among poults experimentally infected with 
S. pullorum. 

For reviews on the value of antibiotics 
and odier recently introduced drugs for 
treatment of Salmonella infection the 
reader is referred to the sections on salmo- 
nellosis, fowl typhoid, and Chapter 8. 

Treatment with drugs should be made 
only after a positive diagnosis has been 
made, and then only upon the advice of a 
competent veterinarian. Carriers are not 
eliminated by drugs, so their use is not 
a substitute for a testing program. 

hvery precaution should be taken to 
prevent <x>ntact of an infected brood with 
other broods that are to be brought into 
the house after the outbreak is in prog- 
ress. The brood suffering from the dis- 
ease should be kept in isolated quarters. 
Under no circumstances should equip- 
ment used for the infected brood be used 
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FIO. -41.32 -Pullorgm diieote. A <r«w ot work bleeding o flock of turkey*. (Hinthow, 
Unlv. of Colif ) 


^or laier hatches until it has been ihor- tng purf^vses. The suivivors should be 
oughly cleaned and disinfected. marketed as soon as Uicy ate tn conditjon 

When die disease has run its course, and the breeders selected from groups that 
die survivors should be toe-marked and hate not suiTered from the disease. ITjcse 

raised separately from the other lots. None breeders should be tested as described 

of the survivors should be saved for breed- under prevention. 


KEfERENCES 

AnJenon. C. \Vj 1W5. Sulfatncruinc in the treounem of pullonitn diieaie. Jour. Anu \el. 
Barboni. E^TTgj?.^ R^rche lul pnnio locoUio di pallotoii nei lacchint riKonttiio in lulu. L» 

J. S.; IW. Th. ... ol in .!■. «< 

disease. Poultry So. 2fl.355. . _ 

Dushnell. L. D.: 1W5. Pullorwra testing of luikeya. Pouliiy^. pullotum disease 

Carpcmcr. J. A.. Anderson, C. W.. Johnston. R. A- and Garrard, t. II.. UtJ. i 

coT;;^;r'ai.£tii- -Si. h. j-- iw. 

lucLe]i for Sefmonef/d puUorvrt infccliois. .-.i-m .„j ihe tube asglutituiion 

Causer. II. C: 1W7. Contfirisoi. ol the rapid » 

test lor the dctectiort ol pullorutn disease It* j-s infection of aduH luil-o* 

Cwaikin. R, and Drenii. l!: 1551 S.od«» •» i CanaJ. Jour 

sr.,1, sinste and tnuUIplc oral dose, of laued lorwi ol Satnonr.u puuo 
Comp. Sled. 17:251. . , rAinellVei.iS.272. 

llewlit. £aj 1524. BJCillary white dunhea IB l^r ,c»ew. I'roc. Sesenih WorWs 

Himluie. W. R.; 1959. Disease* ol turkej* •» VanaS imr*-* 

Poultry Cong, p. 23fi. , j«|ft CotBuatisoa ol the tuU and die 

.r JTS.S’ 1 



1308 


W. R. H/NSHAW 


Jansen, J.: 1952. Chronische puUoium-infcaie bij voluassea Ulkocnen. Tijdschr. voor Dier- 
Kcneesk. 59:1047. . , 

Johnson. E. P., and Anderson, G. \V.-. 1936. PuUonim disease in turkeys. Jour. Infect. Dis. 58;3W. 
Mullen, F. E.: 1946. Sulfameratine as a prophylactic in puUorum disease. Jour. Am. Vet. Med. 
Assn. 108:165. 

National Poultry and Turkey Improvement Plans and Auxiliary Provisions; 1965. U.S D.A. Misc. 
Publ. No. 739. 

Pomeroy, B. S., Fensterraacher, R., and Roepke. M. H: 1918 Sulfonamides in the control of 
salmonellosis in chicks and poults. Jour. Am. Vet. Med Assn 112:296. 

Tittsler, R. P : 1932. PuUorum disease in poults. Poultry Sci. 11:78. 

Van Es, L., and OIney, J. F.: 1941. Poultry diseases and parasites. Nebr. Agr. Exper. Sta , Bui. 
332:42. 

Wright, M L., Andenon, G. W., Epps, N. A,, and Ttuscou, R. B.: 1957. Further studies on 
puUorum disease in turkeys. Atian Dis. 1:338 


SPIROCHAETOSIS 

Until Hoffman et al. (1916) and Hoff- 
man and Jackson (1946) reported an out- 
break of spirochaetosis in turkeys in 
California, the disease was not known to 
exist in North America. No vector could 
be incriminated in the California out- 
break although a careful search was made. 
Burroughs (1947) reported a case of 
spirochaetosis in a fowl which was pro- 
duced by feeding fowl ticks {Argas persi- 
cus) obtained from a poultry flock in 
Texas. Burroughs' findings would indicate 
that the disease may be prevalent in chick- 
ens in Texas even though it was not pre- 
viously reported. Hinshaw and McNeil 
(1916) studied the spirochaete obtained 
from Hoffman’s outbreak and found it to 
have all the characteristics of Borrelia an- 
serina (Sakharoff) (= Spirochaela gallt- 
narum, Blanchard), 

Approximately a year after the out- 
break referred to by Hoffman et al. oc- 
curred, another outbreak was diagnosed 
by McNeil et al. (1949) in a flock of adult 
turkeys located about 150 miles from the 
original outbreak. As was the case in the 
original outbreak, fowl ticks could not be 
found on the infected ranch. The spiro- 
chaetes obtained from the second outbreak 
were compared with those from the first 
outbreak and proved to be identical. 
Loomis (1953) reviewed the cases re- 
ported in California and attempted, with- 
out success, to transmit the disease to tur- 
keys by means of ticks collected on ranches 
where the disease had been diagnosed. 
Other outbreaks reported in the United 
States include one in pheasants in Califor- 
nia by ^^athey and Siddle (1955); and 


in chickens in Arizona, New Mexico, and 
Texas by Francis (1956) and Rokey and 
Snell (1961). Dickie and Barrera (1964) 
have recently demonstrated fowl ticks in 
California to be carriers of B. anserina and 
capable of transmitting the disease to fowl. 

Fowl spirochaetosis is widely distributed 
over the world. For a more complete 
world-wide review the student is referred 
to van Heelsbergen (1929), Reis and 
Nobrega (1957), and Lesbouyries (1941). 
Reviews of the literature are also given 
by Sreenivasan and Sankaranarayan 
(1945), El-Dardiry (1945), and Morcos et al. 
(1946). The only other published reference 
to a natural outbreak in turkeys is one by 
Stylianopoulos (1925) which is referred to 
by Lesbouyries (1941). This outbreak oc- 
curred in Greece in turkey poults. For a 
complete description of this disease in 
turkeys and its causative agent the reader 
is referred to McNeil et al. (1949). For a 
good general review of pathogenic spiro- 
chaetes. the reader is referred to Stavitsky 
1948). For other fowl see Chapters 14 and 
57. 

Description of the organism. Bergey’s 
Marntal of Determinative Dacteriologyj 
seventh edition (Breed et al., 1957), lists 
Borrelia anserina as the accepted name of 
the spirochaete originally isolated from 
geese by Sakharoff (1891) and called by him 
Spirochaeta anserma. Other synonyms are 
Sp. gallinarum, Sp. anatis, and Treponema 
anserinum. Bergey's sixth edition (Breed, 
et al., 1948) and Davis (1948) give a more 
exhaustive historical r^sumd of the organ- 
ism than does the condensed seventh edi- 
tion of Bergey’s Manual. Sakharoff (1891) 
first described the organism from the 
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blood of geese suffering from a sewre 
febrile disease in the Caucasus. His origi- 
nal description includes a photomicro- 
graph tvhich shows about six spiral^ but 
does not give measurements of lengilr. 
Repoits in the literature of die length 
have varied from 6 to 30/:, and there is 
wide variation in the same bird, due to 
division stages. Hlnshaw and McNeil 
(1946) reported an average of (7 to 
21/i) with six spirals (Fig. 41.33). The 
organism is motile, stains readily with 
aniline dyes (in contrast to Leptospira 
and Treponema), and is soluble in 10 
per cent ox bile and 10 per cent saponin. 
At crisis the spirochaetes are in large 
clumps and are often granular (Fig- 
41.34). Borrelia anserina also differs from 
Treponema in having loose, rather than 
dght, coils and in the case with which it 
can be stained. DeLamater and Saurino 
(1952) compared Treponema pallidum 
after various methods of antigenic extrac- 
tion and found little if any antigenic re- 
lationship. It differs from Leptospira in 
having looser coils and in the absence of 
a terminal hook as well as in ease of stain- 
ing. 

It should be emphasized that the spiro- 
chaete referred to by Stcinhaus .and 


Hughes (1947) is not Boirelia atisenna. 
The foim ihe> described is smaller and 
nioie tiglitly coiled and was found in eggs 
inlcLied tilth chkkcn liver tissue. It was 
iionpJtliogcnic for chickens, guinea pigs, 
and mite. Likcsvisc the spirochaetes de- 
scnbetl by Mathey and Z.indcr (1955) as 
being associated ssith ccc.'il nodules in 
chickens arc in all prob.ibility the same 
as described bv Stemhaus .and Hughes. 

Vectors. Although the fowl tick Argos 
persicus is generally referred to as tlic 
s'ector for Borrelia anserina, it is by no 
means the only vector. Others that have 
been re|X)rted include the common red 
mite Dermarfi.ssiis gallinae bs Iliingeiford 
.and Hart (1937). and Culcx mosquitoes 
by Zuelzer (1936) Direct transmission is 
also possible by scscral routes including 
oral, intranasal, intraorbital, intrasenous, 
and subcutaneous. Kapur (1910) ivas able 
to transmit the disease in cliickcns by 
smearing the infected material on the 
unbroken skin of the comb or Uie breasL 
The incubation period in such cases svas 
2 to C d.ays. 

Signs. Listlcssness, cyanosis of the 
head, increased thirst, feier, and yellowish- 
green dianhea with incicascd urates are 
characteristic. The arc.i .iroutul the sent 
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FIG, 41.34 -&«rr«lla «ns«rina, »howing clgmp.ng in ih* lots »taa« ef the dlieote. X 1,200. 
(MtNeil et ol.. 1949.) 


is nearly always stained with urates. In 
turkeys artificially iniected by the intra- 
venous route, the body temperature usual- 
ly increases within 24 hours following 
infection and reaches a peak of 109.0'=’ 
to 111.0®F. on the fourth or fifth day. 
By the end of the seventh or eighth 
day, if the bird lives, the temperature usu- 
ally returns to normal. In naturally de- 
veloped cases, temperatures as high as 
109.4° F. have been observed. Infected 
birds tend to sit with their eyes closed 
unless disturbed. Chronically affected in- 
dividuals develop leg weakness and sit 
characteristically on their hocks (Fig 
41.35). When disturbed they move about 
by hopping, often in a semisquaiiing po- 
sition rather than on their feet. Others 
walk with a stilted gait. Complete paraly- 
sis has occasionally been noted. 

Necropsy findings. The most character- 
istic gross change noted at necropsy is a 
marked enlargement and mottling of the 
spleen, due to ecchymotic heroorrh^es 


such as arc seen in Figure 41.36. The 
heart may be enlarged and have a par- 
boiled appearance. The liver is usually 
enlarged, congested, and more or less 
studded with minute areas of necrosis. In 
advanced cases the areas of necrosis may 
be as much as a centimeter in diameter. 
Peripheral infarcts reported in chickens 
have not been a common finding in tur- 
keys. The kidneys are enlarged and, as a 
rule, slightly pale. The intestines appear 
anemic when superficially examined. 
There is always a marked catarrhal en- 
teritis, and the contents are bile stained. 
The increase in urates is noted by the 
abnormal amount in the rectum; these 
are yellowish-green in color. 

Histopathology. McNeil et al. (1949) 
give a detailed description of the micro- 
scopic tissue changes observed by them. 

spleen presented the most character- 
istic changes macroscopically (Fig. 41.36) 
as well as microscopically (Fig. 41.37). The 
diaracteristic structure of the spleen is not 
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FIG. 41.35 — Spiroehaefosis. TypicoJ olliludes seen in acute outbreaks in turkey flocks. 
(KinsKavtr.) 


lost. The reticular cells are increased in 
number and size and present a foamy 
appearance due to the ingestion of lipoid 
material. The centers of the groups of retic- 
ular cells undergo hyalinization, and mas- 
sive areas of hemorrhage are present (Fig. 
41.37) due to the rupture of the walls of 
veins and sinusoids. The endothelial cells 
lining these structures appear swollen and 
present the foamy appearance seen in the 
primitive reticular cells. The diffuse 
i>mphatic tissue undergoes rapid growth. 
The cells consist of young, large- and 
medium-sized lymphocytes and heraocyio- 
blasis with numerous mitotic figures. In 
poults spirochaetes occur in foci through- 
out the spleen but do not appear to have 
been phagocytized by the reticular cells. 


The liver shows congestion and an in- 
crease in the periportal lymphoid deposits. 
Stiver suins show the majority of the 
spirochaetes to be in the intercellular 
spaces and in the bile capillaries. Those 
within the hepatic cells underwent frag- 
mentation or coiled upon themselves to 
form small rings. 

The kidneys show marked congesuon 
and some hemonhage. The glomeruli and 
convoluted tubules appear normal. There 
is marked degeneration and desquamation, 
with hyaline casts in the collecting tubuitt. 
The interstitial tissue shows lympho^tic 
infiltration. No spirochaetes have been 
found in the kidneys of the adults outside 
of the larger blood vessels. In poults spiro- 
chactes were found in the intercellular 
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spaces and in the lumens of the tubules. 

The intestines show a marked degree of 
catarrhal enteritis The lymphoid follicles 
in the submucosa are hypertrophied, and 
there is a generalized lymphocytic infil- 
tration of the submucosa. The tips of some 
of the villi appear necrotic. The most 
severe injury occurs in the jejunum. The 
pancreas appears normal except for slight 
vacuolization of the secreting cells. 

Diagnosis. An accurate diagnosis de- 
pends on finding spirochaetes in stained 
blood smears and tissues from typically 
sick individuals (Figs. 41.33 and 41.34). 
The organisms are readily stained by the 
Giemsa technique. TunnicIifFs technique 
for using her modified Gram's stain for 
spirochaetes is a simple and rapid method 
for staining blood smears for routine 
examinations. In tissues it is best demon- 
strated by some method of silver impreg- 
nation such as that of Levaditi or by the 
slow method of Giemsa. 

A method of diagnosing the duease m 
dead birds, where it is impossible to 
demonstrate the parasites, is described by 
Nobrega and Reis (1947). The method is 


based on tienionsiration of antibodies in 
ihe spleen and is briefly as follows: 

The spleen is weighed and a 30 per 
cent suspension of it is made in physio- 
logical saline to which is added 10 per 
cent fresh rabbit serum. To each 1 cc. of 
this mixture is added 0.25 cc. of a 1:10 
dilution of known infected blood. The 
samples are incubated for 1.5 hours at 
37® C. and then inoculated intramuscu- 
larly into 1- to 2-monih-old cockerels. A 
parallel series is inoculated with spleen 
suspensions only and others ivith infected 
blood only. The blood of all birds is ex- 
amined on the fourth day after inocu- 
lation. Failure of the cockerels in the first 
group to develop spirodiaetosis indicates 
that the dead bird donor had the disease 
and had developed enough antibodies to 
present infection. The authors claim an 
85 per cent increase in efficiency in diag- 
nosis in dead birds by this technique. 

B. anserina is not easily cultivated in 
vitro. For a discussion of the methods of 
culture see McNeil el al. (1949). Many 
workers prefer to maintain the spirochaetes 
in the tick Argos persicus, but one hesi- 
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tates to use this method in an area where 
the disease is not enzootic. Knowles et al 
(1932) were able to grow them in embrj’o- 
nated but not in infertile eggs. In em- 
bryos the infection usually kills the em- 
bryo. McNeil et al. (1949) were able to 
cultivate them in both chicken- and turkey- 
embryonated eggs, but, under conditions 
available at the time, found it more feasi- 
ble to maintain cultures by passage in 
chicks at 5-day intervals. McKercher (1950) 
successfully propagated the organisms in 
chicken embryos by a modification of the 
Knowles et al. method. 

McNeil et al. (1949) found that the 
organisms remained alive in tissues of in- 
fected chicks and poults when stored at 
32° F. Tissues (spleen, heart, and liver) 
stored at this temperature for as long as 
31 days were infective when injected in- 
traperitoneally into young chicks and 
poults. Infected blood scored at 20* F. for 
8 days was still infective. McKercher 
(1950) found that infected chorio-allantoic 
fluid stored at 39* F. (4® C.) remained 
infective for 2 to 3 weeks. 

Prevention and controL Since this dis- 
ease is normally transmitted by such vec- 
tors as fowl ticks, mosquitoes, and fowl 
hce, a program for eradication of these 
will do much to prevent the spread of the 
disease. DDT has been found to be ef- 
fective against fowl ticks. Drugs that have 
proven to be effective for the disease in 
chickens include the arsenicals (Morcos 
ft al., 1946) and penicillin (Nobrega and 
hueno, 1945). McNeil et al. (1919) con- 
Armed the findings of Nobrega and Bueno 
and indicate that a single dose of 10,000 
to 15,000 units of penicillin given intra- 
muscularly to mature turkeys is hij^ily 
effective as treatment if given when clinical 
signs are first noted. A single dose of peni- 
cillin injected into the breast muscles at 
this time has proved an effective method of 
controlling an outbreak. Sick birds should 
be removed as soon as observed and ueat- 


ed immediately, after whicli they should be 
kept separately from the remainder of the 
flock for obseivjtion for a few days. A 
fesv birds may have to be retreated but 
the nujority lecover with one treatment. 
Recovered birds treated after the spiro- 
chaetes had invaded the tissues (showing 
symptoms) were found to be immune. 
Sulfonamides and streptomycin were not 
effective in controlling die disease. Neo- 
drsphenamme (10 mg per kilogram) and 
mapharsen (5 mg per kilogram) were no 
more effective than penieiilin. 

Packchanian (1950) and Hsiang and 
Packdianian (1951) used 2- to -l-day-old 
diicks for studying the effectiveness of a 
number of antibiotics and drugs. Tcrra- 
mycin m single doses of 0.1 mg. per 50 
<na. was the most effective of the anti- 
biotics tried in young chicks. Otliers that 
were effective, but less so, included Aurco- 
raycin, bacitracin, pcnicillin-G, and strep- 
tomycin. Of the other drugs tried, neo- 
arsphenamine in a single dose of 1.0 mg. 
was the most effective. Turkeys were not 


used in these trials. 

Nobrega and Reis (1941) reported the 
successful use of a formalized vacane pre- 
oared from infected chicken embryos for 
Jrevenuon of the disease. Their vamne » 
prepared by inoculation of 12-day^ld 

blood cooiaimng live sp.rochaclcs On Ae 
litih day of incubation after intcction, the 
oreans of lire embryo tv.th die amniotic 
nJd are ground together and suspended 
in saline to make 30 cc for each egg. o - 
malin is added to make O.a per cent, and 


el of. (1951)- 
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synovitis without involvement of the ar- 
ticular joints. Hinshaw and McNeil 
(1952) reported field observations on the 
duease in turkeys and also reported re- 
sults on experimental production of the 
disease in turkeys and chickens. The 
causative organism studied by them is a 
strain of Staphylococcus aureus which has 
2 characteristic biochemical reaction. It 
crmenis dextrose, lactose, maltose, man- 
nitol. xylose, cellobiose, dulcitol. and sali- 
It is indol negative, liquefies gelatin, 

1 uces nitrates to nitrites and is Voges- 

• nnd methyl-red positive. The 

in ivjdual strains studied varied in their 

2 ility to coagulate turkey plasma. The 
P^ent produced varied from cream to 

ow in color. Of the media tested, beef 
hr^ ngar or beef heart infusion 

gave best results. Primary isolation 
successful in broth than on solid 


Vtah Agricultural Experiment Sta- 
rws, I* Pi'obably done the most intensive 
tKfiri disease in recent years 

L 15 I'm!?.”’ Smith et al. 1961a). Smith 
... y°* 2 ) obtained 9 new siaphylopha- 
from M described one (44A) 

from^it *^fP^ylococcal cultures isolated 
lird 2 mice caught in a turkey 

®ii 5 *^ple of turkey yard soil, 
studies it would appear that 
outbreat *”^y involved in 

U ? the disease in turkeys. All tur- 
/^tidied produced alpha-type 
gelatin ’ mannitol, utilized 

fahev^ior^f^^ positive for coagulase. 
poulfj I described an outbreak in 

felted Smith (1954a, b) re- 

in production of the dis- 

yiococcu. tether references to staph- 

*^apter”l6 birds will be found 

and Miner (1961) 
sT'?”* can be seen in turkeys 
*^'®yiel(7i to maturity. Poults 

batch. organism before they leave 
i96lb) ^ ^ days of age (Smith et al., 

though clinical illness and 
°3uld come for many weeks. This 

egg transmission or even 
by human carriers handling 


poults during the hatching operations. 
Phage typing of strains of Staph, aureus iso- 
lated from hatchery operaton and poults 
in the same hatchery would aid in locating 
sources of infection. The possibility of 
man to poult or poult to man transmission 
is su^ested by the report of Williams and 
Daines (1942) on the relationship of staph- 
ylococcal omphalitis in poults to impeti- 
go staphylogenes among turkey hatchery 
workers. 

Signs. It should be emphasized that 
in turkeys the disease is first of all a septi- 
cemia with later localization in the tibio- 
metatarsal and femorotibial joints, m the 


feet, and in sternal abscesses. ^ 

The acute symptoms are similar to those 
of such diseases as fowl cholera. In aru- 
ficially produced cases die 
listless svithin 24 to 72 hours. This ts ac 
companied by loss of “ 

asis. The birds seem to suffer 8^® P®. 

96 hours after eternal abscesses. 

field <.“ibreals are often 
which in tne n i„;nn developed 

considered the swollen joints, 

in these ?> and iaguosls. Ne- 
Necropsy (“dmgs enlarged 
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FIG. 41.39 -(Al Slaphy- 
iococcal arthritis in an 
adult turkey. Note swollen 
joints of the feel. (B) Close- 
up of the feet of the tur- 
key shown In A. (Hlnshow, 
Univ. of Ccllf.) 







and dark liver and congestion o( the 
mucous membranes o! the intestines. The 
intestinal contents are tvatery and yellow- 
ish in color Inflammation oi the synovial 
membranes of the hock Joints, with in- 
creased fluid, is characteristic. Chronic 
cases show, principally, involvement of 
the joints and muscles of the legs and 
feet The exudate may vary from a semi- 
gelatinous to a cheeselike flaky consistency. 
One of the common lesions is a sternal 
abscess. Often this is a sac pustule 2-3 
inches long and 1 inch wide, filled with a 
yellow purulent to a caseous exudate. Oc- 
casionally abscesses between the pectoral 
muscles are seen. Fibrinous pericarditis 
has been observed in acute cases. 

Diagnosis depends on isolation of the 
causative organism. The disease must be 
differentiated from other types of joint 
inflammations. Scott (1950, 1951) de- 
scribed a deformity in poults characterized 
by swelling of the tibiometatarsal joint 
which is assoaated with a failure in re- 
tention of creatinine. This disease is a 
different entity but could predispose tur- 
keys to staphylococcosis. Other dietary dis- 
turbances affecting the joints could like- 
ivise influence the effect of the disease in 


a flock. The disease must also be diffcren* 
tiaied from infectious synovitis whicli is 
caused by a viruslike agent affecting both 
chickens and turkeys (Cover and Benton, 
1957). 

Control and prevention. Hinshaw and 
McNeil (1952) tried penicillin, sulfanil- 
amide, sulfathiazole, sulfamerazine, and 
sulfamethazine in field outbreaks without 
success. They also observed that inocu- 
lated turkeys surviving the infection were 
not immune when reinoculated at a later 
date. The strains isolated from outbreaks 
by them were resistant to penicillin when 
tested in uifro. Of interest in this connec- 
tion was that a penidllin-resistant strain 
isolated from a mastitis outbreak in cattle 
produced the typical disease in turkeys. 
Fahey (1954) and Miner et al. (1958) 
also found that most of the strains isolated 
by them from outbreaks were penicillin- 
resisUnt Fahey (1955) stated that in un- 
complicated outbreaks, 300 gm. of a mix- 
ture (100 gm. each) of streptomycin, Ter- 
raraycin, and Aureomycin given in feed 
for I week yielded good results. 

Miner et al. (1958) and Smart and Miner 
(1961) found that the antibiotic novobiocin 
has promise of being a successful drug for 
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treatment of the disease. The drug was 
given at the rate of 200 to 600 grams of 
feed grade of novobiocin per ton of feed 
starting soon after the disease appeared 
in a flock. These investigators found that 
furazolidone was of little if any value in 
controlling the disease. It appears, on 
the basis of present knowledge, that broad- 
spectrum antibiotics have the most merit 


in controlling field outbreaks of this dis- 
ease. The drug of choice for a specific 
outbreak should be ascertained by an early 
determination of the antibiotic sensitivity 
of the strain of Staphylococcus responsible 
for the outbreak. 

The general recommendations for han 
dling other infectious diseases are suggested. 


REFERENCES 

Cover, M. S.. and Benton, W. J.: 1957. The distnbution ot the infectious synovitis agent in ilie 
tissues of artificially infected chickens Avian 1'3I2 .«,«! 

Fahey, J. E.: 1954. An outbreak of staphylococcal arthnu* in tuikey poults. Poultry Sci. 33 661 
: 195S. University of Toronto, personal conimuoicaiioii 

Hinshaw. W. R.. and McNeil, E.: 1952. Staphylococcosis (synovu.s) m turkeys. S<:‘- SI 320 

Jungherr. E.: 1933. Staphylococcal anhntu in turkeys Jour. Vet Assn. bZ.Z45. 

— — . and Plasiridge. W. M.t 1941. Avian staphylococcosis, jour. Am. Vet. Med. Assn. 98.27. 

Madsen, D.E.: 1942. Synovitis of turkeys. Turkey World 17:24. , -r„rirv nvur 21 1 

Miner, M.L.: 1957 Gun*)- Staphylococcal synoiiiis of turkeys in suphv- 

. Smart, R. A.^nd^Smith. W. Wu 1958. The use of f Agricultures 

lococcis of turkeys. Proceedings, 2nd National Symposium on Nitrofurans in Agriculture. 

Scottl M L.: 1950. Studies on the enlarged h«k 'AcwiTfTec^ns the wSfion 

1951. Studies on the enlarged hock disorder Factors aiieci.ns 

and retention of creatine by young poulu. Poultry Sci. novius of turkeys. Poul- 

Smart, R, A., and Miner, M. L.: 1961 . Treatment of staphylococcal synovitis of turKeys. 

Smi[h7 The palhogenidly and haemolylie prcpeTiie, of aiaphvlocoed isolated 

J- 

Sm.£' W, W., James, G. A, Miner. M. 1-, f 

typing system for Staphvlococd from turkeys uith syn • ^ J jggjt, Evidence of late 

■ mV" M. L. ThL’.., J. A, M m.le,. after 11 

transmission of Staphylococcus aureus strains Hiuim a 

weeks of age. Am. Tour. Vet. Res. 22:75^ , infectious omphalitis of poults 

Williams, R. D^ and Daines, L. L.: iMf. The 

and impetigo staphylogenes in man. Jour. Am- Vet h • 


streptococcosis 

Volkmar (1932) reported several out- 
feaks of apoplectiform septicemia in 
turkeys caused by a streptococcus, and de- 
SCTibed the disease as resembling fowl 
cholera. The losses were sporadic in na- 
the disease was acute, and clinical 
were seldom seen before death. The 
principal lesions noted on necropsy were 
congestion or diffuse hemorrhages in the 
^hin and breast muscles, together with gen- 
^alued congestion of the internal oi^ns. 

emorrhagic enteritis and peritonitis were 
common, and the heart sac was often 
blled with a blood-tinged fluid. The dis- 
must be differentiated by bacterio- 
*ogic studies. 

Acute outbreaks of a disease in young 


poults with signs 


and necropsy find- 


Sd by McNeil and Hinshaw in ( 

weeks. The ^ Necropsy findings m- 
pullorum disease. N P the 

eluded congestion jjj of the liver, 

l„np.o.npM.ona»d neao..s 

and enttnlu. “ VptcihUy common. A 
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diaracicrisdcs o£ Streptococcus zymogenes 
was conshunlly isolated from these cases. 
No detailed studies have been made of 
this disease, but mention is made of it 


since it may be confused with pullorura 
disease. Other references to avian strep- 
tococcosis will be found in Chapter 16. 


REfECttNCE 

Voltmal. F : 1932 Apofjleclifonn septircmia m tuiLe^s Poultry Sci. 11:297. 


TUBERCULOSIS* 

Tuberculosis, a chronic disease affecting 
turkeys and other fouls, is caused by 
Af)Coi>flclerjiim avium. It is not common 
in commercial turkey flocks and is most 
often associated with tuberculous chick- 
ens. 

Signs. There are no typical clinical 
signs. Lameness and emaciation base oc- 
casionally been obsersed Nfany turkeys 
that show lesions on necropsy maintained 
Uicir u eight for several months before 
death Tuberculous turkeys placed in in- 
disidual cages and observed for periods of 
I to 10 weeks held their initial weight, and 
a few even gained Sucli birds often went 
through inicrniiitent periods of normality 
and depression lasting for 2 or 3 weeks 
before death. 

Clinical diagnosis. Tuberculosis in tur- 
Lev flocks has been more often detected 
bv accidental discoverv of lesions during 
jwstinoricm examination by the owner, 
Of bv the housewife while preparing a 
bird for roasting, than by signs seen 
in Uie flock or by the use of the tuberculin 
test. Hinshaw et al. (1932) found that 
about 75 per cent efficiency can be ex- 
pected from the use of the tuberculin test 
as a means of diagnosis. The edge of the 
wing web proved to be the best site lor 
inoculation of the tuberculin, bui the rc- 
sulu, even in Uiis area, were more difficult 
to interpret than in other animals 

Necropsy findings. The gross pathology 
of tuberculosis in turkeys is not markedly 
different from that of the disease in chick- 
ens. The distribution of lesions indicates 
a tendency for a greater number of organs 
to become infected Uian in chickens, and, 
as in chickens, the disease is principally 
abdominal in nature. Seven cases of tu- 
bcrailosis in tuikcys from five California 

* Sc« atto Chapter 12, 


outbreaks were typed and found to be of 
avian origin. 

A study of the distribution of lesions in 
turkeys from seven California outbreaks 
showed that the liver, bone marrow, 
spleen, intestines, ovaries, mesentery, skin, 
tliymus gland, and lungs were, in the 
Older given, the most common sites of 
lesions. Cutaneous lesions in turkeys have 
also been reported by Scrivner and Elder 
(1931) and according to Feldman (Chapter 
12) by Chretien el al. (1923) and Dietrich 
(1927). The ovary and the thymus glands 
were more often found to be infected 
than in chickens. Attention is also called 
to the large percentage of cases of bone- 
marrow lesions. The number of birds ex- 
amined for bone-marrow lesions was small 
as compared to the total, but they were 
m all stages of the disease. When lesions 
were found in the bone marrow, they were 
.ilways found in at least one oilier organ. 

Differential diagnosu. Some of the con- 
ditions which might be confused with 
tuberculosis in turkeys are mycosis, black- 
head, and tumors. Mycotic lesions in the 
liver and kidney, which on first glance 
are suggestive of tubercles, have been ob- 
served. These are not definitely encapsu- 
lated and circumscribed, however. On 
microscopic examination, mycelia are 
found, while acid-fast rods cannot be 
demonstrated. 

Infectious enterohepatitis should not be 
confused with tuberculosis, because the 
lesions in the liver do not resemble tu- 
bercles. Furthermore, the well-known 
characteristic lesions in tlie ceca should 
help to differentiate it from tuberculosis. 
On the other hand, tumors of the liver 
and ovary have been noted that were sug- 
gestive of tuberculosis until a micros<»pic 
examination was made. 

Prevention and controL Complete isola- 
tion of turkeys from chickens will do much 
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to prevent tuberculosis. Once the disease 
is found, it is a good plan to dispose of 
the entire flock as well as all chickens on 
the premises. 

Day-old poults, rather than adult stock, 
should be purchased as replacements. They 
should be brooded a;vay from the infected 


area and should not be allowed to range 
there for at least one year after the disposal 
of diseased birds The entire flock should 
be sold and replaced with day-old stock 
each spring for several years in order to 
insure freedom from tuberculosis. 
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transmissible enteritis (Avian 

Monocytosis, Bluecomb Disease) 

This disease is described under various 
•laraes, including avian monocytosis and 
Wuecomb disease, because of character- 
istics in common with the disease of chick- 
ens known under these names. Transmis- 
lihle enteritis has been suggested by Sie- 
burth and Johnson (1957) as the most 
appropriate name for the disease of tur- 
keys. It has also been confused with hexa- 
mitiasis because of many characteristics 
common to the two diseases. It is now gen- 
erally accepted that the cause is a filterable 
agent (Sieburih and Johnson, 1957: Tum- 
•in el ai, 1957; Tumlin and Pomeroy, 1958; 
Tniscott et al, 1960; and Truscott and 
Morin, 1963). Truscott and Morin have 
isolated a Vibrio sp. which they believe to 
be an etiological factor in production of 
ibe disease. Pomeroy (personal interview, 
1964) reported that he and his colleagues 
(unpublished data) have also isolated a 
^ibrio sp. as well as a viral agent from 
field outbreaks. The true etiological signif- 


icance of these microorganisms remains to 
be determined. 

The disease affects susceptible turkeys 
of all ages, without regard to season, es- 
pecially on farms that practice a continu- 
ous rearing program. In young poults the 
fiRt signs of the disease may appear as 
early as the fourth or fifth day after ex- 
posure. These are very similar to those 
seen in hexamitiasis and include list- 
lessncss, tendency to seek heat, sub- 
normal temperature, watery droppings, 
and rapid loss of sveight. Since 
also characteristic symptoms ot he"™) 
asis. the two diseases must be diilercnti- 
ated by demonstration ot their respective 
etiological agents. Because ot the smilar 
ace tinge ot susceptibility, it is highly 
probable that combined inlections may 

"Siause of the similarity to avian mono- 
cSot chickens, the reader is referred 
ro Chanter 31, Avian Monocytosis, for 
information on die ctiolo^, 
pathology, prevention, and control ot that 
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VIRAL HEPATITIS 

Viral hepatitis of turkeys 
scribed simultaneously by Snoey ento et al 
(1959) from Massachusetts, and by 
lean el at. (1959) Irom Ontario, Canada, 
loth outbreaks occurred in poults unto 
three weeks o! age. In 
was the mortality excessive. The ^ulu 
in the Massachusetts outbreak vfere 17 
days of age, and the mortality was less than 
5 per cent ot the group o£ 800 birds which 
returned to normal appeararice m 3 or 4 
days. The principal clinical sign was a 
slight depression of activity. In another 
report Snoeyenbos and Basch (1960) report- 
ed the disease in 11 outbreaks in poults 
under 5 weeks of age with mortality rates 
of 1 to 25 per cent. 

They also reported two cases in 6- and 
8-week-old poults, and 4 diagnoses in 
mature stock from specimens taken at the 
time of slaughter. In these cases, liver con- 
demnations of 30 to 90 per cent were re- 
corded by the processors. Adult turkey 
breeder hens were infected by Snoeyenbos 


and Basch by intravenous injections of the 
vtas Thi bird, remained chnica 1, 
uoitual However, at necropsy, rcpresenta- 
STbWs sacrificed 2 to 16 days post,no»- 
lation yielded virus from all the livers an 
less frequently from other °“= 

instance, the virus was isolated from 

rogressing ovarian follicular contents. 

lome immunity developed in the artific • 
ally infected birds as determined by re- 
exjosure of recovered poults. Egg trans- 
Ssion has been suggested as one m an 
of dissemination. No specific 
prevention or control have been reported 
and no treatment is available. 

Virus hepatitis as described herein must 
not be confused with 
aiitis described by Hofstad et al. (1958) 
and Peckham (1958), The disease 
by them and others is caused by a vibr 0 . 
rickham was able to infect turkey poults 
with his strain of vibrio but as far as w 
known there have been no reports of natu- 
rally occurring outbreaks m turkeys. A re 
port on vibrionic hepatitis is given y 
Snoeyenlws in Chapter 14. 


REFERENCES 

Hotod, M. S, Mcdehc, E. H. .«d P. Ca WSB AvUn Inlec.lon. hcp.titl.. Avl.n 

Trvscott, R. B , rwgd»n. A. E, .nd Connell. M. C.t 1959. V.m. h.p.tlti. in 
turkey* Avian Du. 3:388. . ■ r»- o »i 9 

HTadirh 


Di» 4.477. 

Basch, H I . and Sevoian, M.: I 

Avian Dis. 3-377. 


I. An inlectiou* agent producing hepatitis in turkeys. 


LEUKOSIS 

Although the leukosis complex is recog- 
nized as a definite economic problem by 
the turkey industry, there are few specific 
references to it in the published literature. 
Evidence of the susceptibility of turkeys 
to leukosis and of its prevalence in them 
is given by McKee (1965, 1964). He report- 
ed that according to the 1960-64 official 
records of the USDA Agricultural Mar- 
keting Service, Poultry Inspection Branch, 
from 0.4 to 1.2 per cent of all turkeys con- 
demned yearly in official processing planu 
were culled because of leukosis. The two 


types of leukosis most often seen m turkey 
processing plants are lymphomatosis and 
osteopetrosis, although all types are seen. 

The importance of the need for recog- 
nizing this group of diseases and for diher- 
entiation from other diseases of turkeys is 
emphasized by McKee el al. , 

leim concerned with making differential 
diagnoses are also discussed by them, dis- 
eases which may confuse a diagnostician 
include other neoplasms, certain chronic 
mycotic infections (Olney, 1950), tu ®rcu 
losis, and histomoniasis. Turkeys suffering 
from histomoniasis may show granuloma- 
touslike liver lesions which can only be dii- 
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common. Microscopically the lesions re- 
sembled those of an acute disease. 

Clostridium Infections 

Fenstermacher and Pomeroy (1939) 
described losses in breeding turkey hens 
associated with several species of Clostri- 
dium. The outbreak involved a flock of 
1,000 turkey hens in which there was a low 
mortality. The losses occurred during the 
early part of the breeding season, and the 
investigators stated that the atria of in- 
fection were probably wounds inflicted at 
the time of mating. Subcutaneous edema 
and emphysema around the head and 
thighs were the prinripal symptows re- 
ported. Injuries due to mating can be pre- 
vented by proper management. (See sec- 
tion on injuries and material on botulism). 

Omphalitis 

Bolin el q 1. (1949) described a virus 
isolated from chicks and poults suffering 
from omphalitis. The disease was charac- 
terized by a high mortality during the first 
three weeks after hatching. Necrosis of tlie 
tissues around the navel was an outstand- 
ing lesion. The virus proved more patho- 
genic for poults than chicks but could be 
cultivated in 10- co 12 day-old embryo- 
nated chicken eggs These workers believe 
the virus is transmitted through the c^. 
Williams and Daines (1942) also iso- 
lated a strain of Staphylococcus aureus 
from omphalitis of turkey poults which 
they believed to be the causative agent of 
an outbreak studied by them. Human 
cases of impetigo staphylogenes were as- 
sociated with the outbreak described by 
them. 

Actinomycosis 

OIney (1950) has described an actjno- 
myceslike chronic disease of turkeys which 
is characterized by liver and intestinal 
lesions that may be mistaken for tubercu- 
losis. The livers in these cases are usually 
studded ivith raised nodules that ma y 
reach an inch in diameter. On cutting, 
these are found to be caseated, capsulated, 
and have fimbriated processes extending 


into the liver tissue from the main body 
of the nodule. Jn the outbreak described 
by OIney, the disease was confined to three 
lots of 300 poults each, all 6 weeks of age, 
in a total flock of 9,000 poulu. When the 
flock, svas put on range at 8 weeks of age, 
the infected lots mingled with the normal 
birds, and tl\e infection spread to them. 
The grow'cr estimated a total loss of 45 
per cent fay the end of the season. When 
the biids were marketed in December, 10 
per cent of them showed lesions. This dis- 
ease must be differentiated from tubercu- 
losis, histomoniasis, and lymphomatosis, 
hforc study is needed to confirm its eti- 
ology. 

Pseudotubercuiosis 

Pseudotuberculosis is a contagious 
disease of many animals including turkeys 
and is caused by Pasleurella pseudolubercu- 
losis. For a detailed description and review 
of the literature the reader is referred to 
Chapter 14. Reports of the disease in 
turkeys include Rosenwald and Dickinson 
0944). Maihey and Siddle (1954), and Kil- 
tan et of. (1962). The disease is character- 
ized by an acute septicemia of short 
duration, followed by a chronic focalized 
infection resulting in tubercular lesions in 
various organs-thus the name. The 
cultural characteristics of the etiological 
agent resembles Saltnonella puHorum. In 
fact, the strain isolated by Kilian el of. 
agglutinated Salmonella Group D. 9, 12 
antiserum when tested with the live cul- 
ture, but not with alcohol-treated antigen. 
Serum from P. pscudotuberculosis infected 
turkeys did not however agglutinate either 
S. puilorum or S. typkimurium antigens. 
The findings of these investigators empha- 
size the need for positively identifying such 
organisms isolated from turkeys in pul- 
lomm testing programs. 

Others 

Numerous other infectious diseases of 
birds may occur in turkeys. Examples that 
are described in other chapters include 
fowl plague, psittacosis, equine and 
arian encephalomyelitis, coli-granuloma 
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(Hjarre’s disease), avian hepatitis, ompha- 
litis, and infectious synovitis. Western 
type equine encephalomyelitis has been re- 
ported in turkeys by Woodring (1957). 
Spalatin et al. (1961) have reported eastern 
equine encephalitis in Wisconsin turkeys, 
and Porterfield (1961) has described a 
meningoencephalitis virus from turkeys in 
Israel. 

A recent outbreak of fowl plague in 
turkeys is described by Wells (196S). This 
outbreak occurred in a flock of turkeys on 


the North Norfolk coast of England in the 
spring of 1963. The main features of the 
outbreak were typical of the disease and 
included rapid spread, sudden deaths, high 
mortality, and marked drop in egg pro- 
duction in the layers. The source was not 
discovered but it was thought to be intro- 
duced by migrating birds. The outbreak 
was eradicated by radical quarantine and 
slaughter methods. Within a month, 
29,000 turkeys were dead from the disease 
or by slaughter. 
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Protozoan 

HlSTOMONIAStS (Infectious Enferohepoti- 
tis. Blackhead) 

This disease, first described by Cuih- 
man (1893), is caused by a protoioan 
parasite, F/tslornotias meleagndis. It is 

*5ec also Chapter 37. 


Diseases* 

credited with being the cause of the tem- 
porary abandonment of the turkey indus- 
try in some sections of eastern and mid- 
western United States. The early rescardtes 
of Smith (1895), Moore (1896), Curtice 
(1907). Higgins (1915), Smith and Cray- 
bil) (1920), and Tyticr (1920) paved die 
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way for later studies which proved that 
the disease is preventable. 

Etiology, ffistamonas weleagridij, the 
causative agent, is classified as a flagellate 
but is one of the few that likewise has an 
amoeboid stage. It is harbored by the 
common poultry cecal worm, Heterakis 
gallinarum, found in the ceca, or blind 
pouches, of a large percentage of chickens. 
This, together with Uie fact that clilckens 
are not, as a rule, highly susceptible to 
histomoniasis, explains the frequent trans- 
mission o£ the disease from apparently 
healthy chickens to turkeys. 

The parasites are capable of living for 
long periods in the cecal worm and its 
eggs. Van Es and Olney (1934) found 
that the infection remained on vacant 
yards from the middle of November until 
the middle of June during each of 5 years 
when turkeys were reared in the yards 
from June to November, For a more de- 
tailed discussion of die parasite and a 
description of the organism, reference is 
made to the works of Tyzzcr (1920), Dcla- 
plane (1932), DcVolt and Davis (1936), 
Wenrich (1943), Connell (1950), and the 
chapter on protozoa. Recent reports which 
have aided m a better understanding of 
the etiology and pathogenesis of this dis- 
ease include McGuire and Caveite (1952), 
DeLappe (1953a, b,c,d), Harrison el al. 
(1954), Lund (1955, 1956, 1958a), Lund and 
Burtner (1957), Malewitz el al. (1958), and 
Goedbloed and Bool (1962). Lund (1963) 
described a new species of a histomonad. 
H. wenrichi, which inhabits the lumen of 
the cecum but does not apparently invade 
the tissues or produce the typical disease. 
For a more complete discussion of this 
species see Chapter 37. Figure 41 40 from 
Lund (1958b) illustrates how the cecal 
worm plays an important role in the tram- 
mission of this disease. 

New evidence has been presented by 
Lund et al. (1963) that earthworms are true 
hosts of Heterakis and are thus of im- 
portance in transmitting blackhead. Be- 
cause of this new discovery, the fife cycle 
depicted in Figure 41.40 will need to be re- 
vised to include the earthworm. 


Signs. "Blackhead,” the common name, 
is a misnomer. Drowsiness, weakness, 
drooping wings and tail, a lowered head, 
niSled feathers, and constant suUur<oIored 
diarrhea arc characteristic symptoms. As a 
rule, adult birds are sick for several days 
and become emaciated before dying. 
Young poults may have an acute type of 
the disease and die soon after symptoms are 
noted. Although turkeys of all ages are sus- 
ceptible, the heaviest losses occur during 
the first 12 weeks of life. 

The mortality is high, often approach- 
ing 100 per cent, and averages about 50 
per cent unless kept under control. Once 
(he disease attacks a flock, occasional birds 
ate likely to die between the intermittent 
periods of heavier losses, especially if the 
(lock is not moved frequently to clean 
grounds. The period of incubation after 
contact with infection is 15 to 21 days. 

Necropsy findings. The liver and the 
ccca are the principal org:ans showing 
marked changes. The severity of these 
cJianges varies with individuals. The cecal 
lesions are apparently the primary ones, 
and one or both ceca may be affectetf (Fig. 
41.41). The lesions consist of marked in* 
flammaiory changes and ulcerations, 
sometimes involving most of the organ. A 
single ulcer may involve the serosa and 
pierce the wall. The mucous membrane 
often becomes necrotic, much thickened, 
and covered with a characteristic foul- 
smelling. yellowish-green, semi-caseous 
exudate: or a dry, hard, cheesy core may 
fill the cecum. 

The afiected liver (Fig. 41.42) presents 
a characteristic appearance, with areas of 
necrotic and degenerated tissues on the 
surface. These are more or less circular, 
have a yellowish to yellowish-green appear- 
ance, and in contrast to tumors and tu- 
bercles (tuberculosis), are somewhat de- 
pressed below the liver surface. They ex- 
tend deeply into the tissue and are more or 
less confluent with the healthy tissue. In 
older birds the individual lesions are often 
merged. Evidence of healing is seen in the 
large amount of scar tissue in older birds. 
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fl,®- ~ Ceco of a turkey effected with 

blockhead Note the swollen condition of one 
cecum and the discolored diseased areos near 
the middle ond ol the lip. The other shows a 
single lesion neor its middle portion. (Gray> 
bill, Univ. of Calif 1 


Occasionally, peritonitis and involvement 
of the other organs raaj be observed 
Differential diagnosis. Histomoniasis 
must be difTerentiated from other diseases 
involving the liver and cecum. Chief 
among these arc tuberculosis, tumors, and 
mycotic diseases. Demonstration of the 
causative agent by microscopic exami- 
nation and culturing is necessary for final 
diagnosis. 


Treatment. No drug or combination of 
drugs has been found entirely satisfactory 
for stopping losses once the disease has 
obtained a foothold in a flock. Nicotine 
products and phenothiazine have gained _ 
their reputation because of claimed suc- 
cesses in removal of cecal worms, thus aid- 
ing prevention of the disease. Neither 
agent has been proven effective against 
Histomonas meleagridis. 

A Urge number of drugs have been 
screened for their possible effectiveness 
against this disease but only a few have 
shown promise. A review of the literature 
on the current status of the effectiveness of 
drugs for control of the disease is given by 
Horton-SmiUi and Long (1956), Jerstad 
(1957). Wehr et al. (1958), and McGuire et 
al. (1964). Among the drugs listed by Wehr 
et al. as having some therapeutic value are 
4-nitro-benzenearsonic acid, I-ethyl-S-(5* 
nitro-2-thiaiolyl) urea, furazolidone, and 
2-acetyhaiino^aitiothiazole. Welter and 
Clark (1961) reported successful treatment 
with p-ureidobenzenearsonic acid and 
Lindquist (1962) with an antibiotic paro- 
momycin sulfate. McGuire et al. (1964) 
and McGregor et al. (1964) review the 
literature on the use of dimetridazole (1.2* 
dimethyl-S-nitroimidazole) and report ad- 
ditional uials on its use against the disease. 

Inasmuch as rapid strides are being 
made on research in therapeutics, the 
reader is urged to review recent literature 
to determine if more effective drugs have 
been developed. Recommendations of 
manw/actwrerr should be carefully observed 
when administering these drugs. 

It should be emphasized that none of the 
drugs so far developed is highly effective 
once the disease has obtained a foothold 
in a flock. Furthermore, once treatment is 
disosntinued. the disease is likely to re- 
appear since little or no immunity is de- 
veloped in infected birds and there is no 
cumulative action of the drugs tested. 
These facts indicate the need to realize 
treatment of any kind is only an adjunct 
to the prevention program outlined below. 

Prevention. This is a “filth-bome” dis- 
ease dependent on carriers, including not 
only chickens and turkeys but other birds 
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FIG. 41.43 — Two lYttoma for rotolion of runs 
suggested by BiUirtgs for prevention of block* 
heod. (Hinshow, Univ. of Colif) 

turke>s, the lollotving precautions must 
also be obsened; 

1. Keep the turkeys entirely separated 
trom the chickens or chicken yards. Drain 
age from chicken yards to turkey yards is 
a common source of the disease. 


2. Do not rear turkeys on ground that 
has been fertilized ivith chicken or turkey 
manure. 

3. Do not rear turkeys in yards where 
losses have occurred until at least 2 years 
after the removal of the last diseased bird. 
(See Farr, 1961.) 

4. Do not introduce new stock without 
quarantining it for 3 weeks before adding 
it to the flock. 

5. Feed an adequate ration, with plenty 
of fresii, clean water. 

According to Lund (1958b) no drug 
is vet known which will attack the cecal 
worm before it can transmit histomoni- 
asis. Phenothiazine will, however, elimi- 
nate over 90 per cent of the cecal worms 
and thus reduce the danger of transmis- 
sion. It will not affect the cecal worm eggs 
already in the soil, so it is only after con- 
tinuous treatment over a period of 2 to 
3 years that complete elimination can be 
expected. Phenothiazine has no effect on 
H. melcagridis. (See Wehr et al., 1958.) 

Such remedial measures as just de- 
scribed are not recommended for general 
use where blackhead can be readily con- 
iiotled by methods not involving drugs. 
Not are these remedies recommended as 
general procedures if blackhead has not 
been proven a problem. 
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COCCIDIOSIS 

Losses in young turkeys are often mis- 
takenly ascribed to coccidiosis when some 
other disease is responsible. Most of ibe 
cases of bloody diarrhea in turkeys which 
are attributed to ooccidia are not caused 
by these parasites. 

Nine species of turkey coccidia have 
been described; Eimetia melengridh, £• 
meleagrimilis, E. dispersa, E, gallopavonis, 
E, adenoeidcs, E. innocua, E. subrotunda, 
Isospora haisini, .ind Cryptosporidium 


meleagridis. These last two species de- 
scribed respectively by Svanbaev (1935) 
from USSR,and by Slavin (1955) from Scot- 
land have not been lepoited from the 
United States. 

Signs. The only two species which arc 
highly pathogenic for poults arc E- 
meleagTimitis and E. adenoeidcs (Hawk- 
ins, 1952; Moore and Brown, 1931. 1952). 
Hawkins, who first described E. gallo- 
pavonis, presented limited information to 
indicate tliat this species is also pathogenic. 
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This observation has been confimed by 
Farr €t al. (1961) and Wehr et al. who 
found this species highly pathogenic for 3- 
to 6-week-oId poults and less so for 1 l-week- 
old poults. The other species can be con- 
sidered nonpathogenic under normal en- 
vironmenu. £. tneleagridis may produce 
mild symptoms and slight losses under poor 
management (Hawkins, 1952; Moore et al., 
1954). 

The common clinical signs seen in out- 
breaks include listlessness, huddling Into 
groups, constant cheeping, and lack of ap- 
petite beginning about the fourth dav 
following infection and lasting for 4 to 5 
days. Feed consumption falls on the fourth 
or fifth day but is resumed within a week 
unless the outbreak is especially acute. 
Rapid loss in weight occurs during this 
period. The peak of mortality is reached 
from the fifth to seventh day. 

Hemorrhagic diarrhea as observed in £. 
tenella infections in chickens is not seen. 
Hawkins (1952) found that in poults 
artificially infected with £. melea^Timitts 
the droppings were scanty and slightly 
fluid with occasional blood decks. At the 
peak of the infection (5 to 6 days), some 
of the fecal matter appeared in cylindrical 
forms 1 to 2 cm. in length and 5 to 6 mm. 
in diameter with sharply cut ends. Moore 
and Brown (1951) found the feces in 
severe £. adenoeides infections to be more 
fluid than normal, occasionally blood 
tinged, and containing raucous casts I to 
2 inches long These abnormal droppings 
appeared several hours previous to elimi- 
nation of oocysts and persisted for about 4 
days. 

Age resistance has been noted for both 
the pathogenic species, but immunity fol- 
lowing infection is only relative. Both 
species produce more acute symptoms in 
poults under 5 weeks of age with smaller 
dosages of oocysts than in older poults. 
In older poults, loss in weight over the 
short period of infection is the only notice- 
able symptom. 

Necropsy findings. Hawkins (1952) sum- 
marizes the gross pathology of £. melea- 
grimitis infection as follows: Four days after 
infection, the duodenum and jejunum con- 


tain an excessive amount of fluid. The 
jejunum is slightly thickened, dilated, and 
small areas of congestion are noted. The 
posterior part of the jejunum and the ileum 
may contain a greenish mucus. By the end 
of 5 to 6 days, the lumen of the small in- 
testine is devoid of food, and the walls be- 
come covered with a white mucous deposit 
containing myriads of coccidia. If blood is 
present in the fluid, it is only in amounts 
sufficient to slightly tinge the liquid. Small 
fiedu of dots may be noted. Mucous 
strands in the upper intestine are numer- 
ous. By the end of a week, irregular areas 
of congestion may be noted in the duo- 
denum and jejunum. Greenish mucoid 
casts may be found in the posterior je- 
junum and in the ileum. 

These are also essentially the findings 
of Moore and Brown (1951) for £. ade- 
noeides infection. Thus, catarrhal enteritis, 
marked accumulation of fluid, which may 
be slightly blood ilnged, and the presence 
of mucoid casts, which may be greenish, 
are the significant lesions. The site of the 
lesions may vary because of different lo- 
cations of the sites of infection. The site 
of E. meleogrimitis infection is primarily 
In the jejunum, while the primary site for 
£. adenoeides is the lower ileum, rectum, 
and ceca. In severe infections with £. gal- 
lopavonis the mucosa of the lower small in- 
testine and the proximal portions of the 
ceca show marked inflammatory changes 
(Farr et al, 1961; Wehr et al, 1962). 

For greater details, histopathology, and 
differential characteristics bet'veen these 
and the other species the reader is referred 
to Chapter 37. Final diagnosis will depend 
on demonstration of and identification of 
the coccidial species involved. The finding 
of roccidial oocysts alone is not evidence 
enough to warrant a diagnosis of coccidio- 
sis as the cause of losses in a flock. 

Prevention. In artificial brooding, pre- 
ventive measures are more practicable 
than when turkeys are brooded naturally; 
but two important avenues of infection 
exist — namely, the feed and the attend- 
ant Indirectly, the attendant is a carrier 
of ojccidia by way of feed, especially if 
he shovels it from one pile to another on 
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a floor, since he cannot avoid walking on 
feed mixed in this manner. Visitors are 
also potential mechanical carriers. 

A rigorous sanitation program will aid 
in keeping coccidial infection reduced to 
a minimum and in turn aid in building 
up an immunity to the disease. Coccidial 
oocysts must have moisture in order to 
form spores, svilhout whiclt they cannot 
produce disease. Keeping thoroughly di 7 
all areas to which poults have access wil 
do much, therefore, to prevent acute out- 
breaks. Frequent changing of litter, the 
use of wire-saeened platforms for water 
and feed containers, and ample floor spaa 
are aids in keeping the floors of the 
brooder houses dry. 

Control and ueatment. There are two 
objects for use of drugs. One is to give the 
drug at a low dally level in the feed dur- 
ing the susceptible age in order to pre- 
vent acute outbreaks and to aid in es- 
tablishing immunity by keeping the num- 
ber of oocysts reduced to a level below 
that needed to produce the acute disease. 
The second is to administer the drug eY*y 
in an acute outbreak to prevent undue 
losses. In either case good management 
procedures are a necessary adjunct to suc- 
cessful control. 


A number of drugs have been proven 
of value for control of coccidiosis in chick- 
ens. The same ones are effective in control 
of the disease in turkeys, so the reader is 
referred to the section on coccidiosis in 
Qiapter S7 for details. There are only a 
few references to specific treatment of the 
disease in turkeys. Moore (1949) found 

that sulfaquinoxaline, sulfaguamdine, 
sulfamethazine, and sulfamerazine were of 
equal value for the control of the disease in 
turkeys. The percentage amount used in 
the feed for each drug was as folloivs: sulfa- 
quinoxaline, 0.03 per cent; sulfaguamdine, 
1 0 per cent, sulfamethazine, 0.5 per cent, 
and sulfamerazine. 0.5 per cent Morehouse 
M9491 tested six sulfonamides, including 
.he retaed to b, Moo.e, and found 
five of them effective against coccidiosis ot 
L'uf Bo,=r and E.own (1955) rev.™ 
the lilcralure on treatment of turkeys. 
Additional references to spectSc treatmeW 
of turkeys include Cuckler el ol (1956) 
the use of nicarbarin; Cuck er el ol IW 
„„ the elBcac, of amprol.ura B U and 
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HEXAMITIASIS 

Hexamitiasis is a disease of jtiung 
poults, causing its greatest mortality in 
those under 10 sveeks of age. It was thought 
for many years that the disease was caused 
by trichomonads, but Hinshaw ct of. 
(1938a, b) reported that a spedes of 
Hexamita and not a TVicftomonas was 
responsible for the disease. They found 
that neither T. eberthi nor T. golltytafum 
(commonly found in the ceca of turkeys 
and chickens) was capable of producing 
a similar disease. The causal agetti has 
been named Hexamita meleagridis by 
McNeil el al (1941). They describe the 
parasite as folloiv's: 

"This organism (minus flageha) varies 
in length from C to 124 (average %) and 
in width from 2 to bp. (average 3^) . The 
nuclear membrane is distinct, and the 
karyosomes are round and fairly large 
(ttro-thtrds diameter of the nucleus). 
Anterior to the nudei ate 2 Urge bleph- 
aroplasts (or groups of blepharoplasis) 
from which arise the 4 anterior and 2 
anterolateral flagella. Tlie flagella are all 
of about the same length, measured from 
the point of emergence from the body. 
The 4 anterior flagella arc usually curved 
back along the body. Just posterior to 
these 2 large blepharoplasts arc 2 others 


from which arise tlie 2 caudal flagella. 
These flagella pass posteriorly in a granu- 
lar line of cytoplasm to their pockets of 
emeigence near the posterior end of the 
body” (Fig- 41.44A and B). 

Slavin and Wilson (1953, 1960) have done 
an exhaustive morphological study of Hex- 
aoitca fmm turkeys in Scoiisnd. Their 
studies indicate that H. meleagridis does 
not divide by simple binary fission, and 
that a leproductive cycle can be demon- 
strated in the reticuloendothelial cells 
and tissue interspaces of the bowel wall. 

The disease is prevalent in most sections 
of the United States. Published reporu in 
addition to those from California include 
one from Connecticut by jungherr and 
Gifford (1914) and one from Indiana by 
Doyle cl al. (1947). Campbell (1945) re- 
ported the presence of Hexamita in tur- 
keys. infected also with Cochlosoma, in an 
outbreak in Scotland. He considered that 
Coclilosoma was the primary cause of 
losses in this outbreak. The reporu of 
Slavin and Wilson (1953) and Wilson 
and Slavin (1955) further establish the 
existence of the disease in Scotland. Vance 
and Bigland (1956) have reported it from 
Canada. 

Signs. In the early stages of acute out- 
breaks the poults are nervous and require 
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more heat than normally; the body temper- 
ature is normal or subnormal; the gait is 
stilted; and the feathers are ruffled and un- 
kempt. There is foamy watery diarrhea, 
but the cecal droppings do not appear 

‘^’in^most cases the poults continue to eat 
and may even appear to consume more 
feed due to a nervousness that is alwaiD 
evident. This nervousness is also mani- 
fested by the continual chirping of the 
birds, especially in the early stapi Due 
to impK.per digestion and 
feed, the poults lose weight rapidly. Many 
of the survivors continue to he under 
weight for weeks. In the later stages of 
the disease the poults becorne lid'""- 
under the hosier, and go into a roma. 
Finally, they struggle, flap their gs. 

and die. , 

Subacute attacks oi the disease may 
cur in young poults early in t = j 
before the infection teaches the 'Pid'""' 
stage. Milder outbreaks may , 

poilts that reach a resistant age- 
outbreaks, lisllessnesi and loss of weigh 
are the most prominent symptoms. Loss oi 
appetite will depend on the «venty o -he 
disease. Large numbers of stunted ind. 
viduals result from this form. . 

Course and mortality. In 
produced outbreaks symptoms 
to 7 days after ingestion of the p 
The period of incubation vanes 
amount of inoculum and t le ag . 
individual. If temperatures 
daily following infection, a drop j 

be noted a day before 
are seen. Likewise, daily 
trill usually show a dedine m the y 
gain before s)-mploms appear. 

Mortality may start wilhm = ^ ^ 
s)mptoms appear. acoie 

course of the disease is typical 
infectious disease, wiili the pea _ 

Ulity ocemring in 7 to 10 'rnSrin- 
ihe appearance of symptoms. ^ 

stances straggling losses “'“I ^ 

as S weeks, and m a few hoc . 

: peak of mortality has been o se 

' In outbreaks complicated with 


fections, sucli as salmonellosis, or by faulty 
manavenient, the course may he varied and 
the mortality increased. Heavy losses 
seldom occur in poults over 10 ““'‘f 
age unless there has If"" ‘ p'on m 

of resistance due to another int^ho'' 
due to environmental factors. It is a ways 
Stable lo eliminate the possibility of 
mrcomplications whenever losses assoa- 
wi/the present of “f“‘ 

„tdts are encountered m 

^Environmental and husbandry factors. 

^ -II K a?e crcatly influence the mor- 

|‘i„rflWre;Smep'r 

‘ouft suffering from an acute out- 

cuts in the o ^ ,|,ai inflamma- 

ileum, where there is caw 

with vary hom a thick 

testinal . jJJ ^vatery. foamy type, 

mucous type to a , ^ jjjic. Localized 

The latter contents 

bulbous areas mucous mem- 

*'“,thc"“"eas is ohen congested, 
brane of these a 

The contentsof >1 

te TlHnly change noted in the 
Otherwise, inc die cecal tonsils, 

ecca is a congc^ mri of 

Diagnosa. Diag intestines, 

finding Hcicam.w m con- 

The “ended as a dUgnosuc 

tents is not r necessity of hav- 

procedure o flagellates from 

ine to diflerenuaic other lage^^ ^ 

Hexamita the duodenum or 

smears are ma _ ^ ^ nhssiological 


fliunfrcrfroii: other flageflaus. 
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Cochteoma, a flagellale fot “ 

ducks b. Kimura (1934), has been found 
t McNeil and Hinshaw (1912) ass»- 
ated with Heaoim'lo meleagndts m a un. 
outbreaks. Cochlosoma can be 
tinguished from Hexam.ta by us *aiac- 
teristic tolling movement and its '“dileal 
shape. It is necessary, tor best resulu, to 
examine poults that have recently d.e^ 
but the parasites have been found in rfr 
ftigerated specimens 48 hours after death 
It may be necessary to warm the slide at 
35° to 40° C. for a few minutes if the smears 
are taken from such specimens _ 

The parasites may also be found in the 
bursa of Fabricius; in the carrier stap 
they localize in this organ as well as m the 
cecal tonsils. When the acute disease sub- 
sides. Hexamita can seldom be found m 


the upper intestines. 

Transmissible enteritis (avian mono- 
cytosis, bluecomb) of turkeys, whidi is 
now recognized as being caused by a fil- 
terable agent (Sieburth and Johnson, 
1957; and Tumlin et al , 1957). must be 
differentiated from hexamitiasis because of 
many characteristics in common. McNeil 
(1958) suggests chat in many field cases 
transmissible enteritis may occur simulta- 
neously with hexamitiasis w’ith a resultant 
increased severity in the dual outbreak. 
She also postulates that virus particles of 
the disease may become attached to Hex- 
amita and become transmitted in this man- 
ner. If this is true, then other viruses like 
that causing viral hepatitis could possibly 
be transmitted in the same manner. Tlie 
reader is referred to the chapur on Avian 
Monocytosis and to the section on trans- 
missible enteritis in this chapter for a more 
complete discussion. 

Transmission. McNeil et al. (1959) 
found Hexamita meleagridis in California 
valley quail, Gambel’s quail, and in 
chukar partridges. Hinshaw and McNeil 
(1941), in a survey of possible carriers, 
found Hexamita in 16.5 per cent of 79 live 
adult turkeys by rectal examination and 
in 32.4 per cent of 74 turkeys by exami- 
nation of scrapings from the cecal tonul 
at neaopsy. All these birds were survivors 


of xcuic outbreak,. They also examin^ed 
11 species of game and wild birds other 
thanVail and chukar, killed on or near 
,„lect?d ranches. None harbored Hex- 
amila. Chickens, ducks, pigeons, and 
guinea fowl were negative for 
me/eogridi,, but pigeons harbored Hex- 
ou.iln cotol.ae (McNeil and Hmshavv, 
1941a) Ducks and chickens were arti- 
ficially infected with Hexamita melea- 
ernfij, but symptoms of the disease were 
not produced Kimura (1934), in a paper 
on Cochlosoma in ducks, mentions the oc- 
aincnee of Hexamita in the ceca ana 
larce mtcsime of domesticated 
California. McNeil and Hinshaw (1941b) 
found the parasite in chickens arufiaally 
infected 22 ssceks after inoculation. Hexa- 
mita has also been reported m peafowl. 
(Cilitomia State Department of Agricul- 
ture, 1911) and in pheasants by Hinshaw 
and McNeil (1942) and Stover (1913). 
Thus, surviving turkeys, quail, clmkars, 
pheasants, peafowl, chickens, and ducks 
must be considered potential carriers of 
Hexamita me/fagridii. 

No Insect transmitter has been found. 

It has consistently been possible to keep 
noninfected poults free from the disease 
when reared in proximity to infected 
brooders even though flies were abundant. 

Epizooliology. Management and environ- 
ment play important roles in the transmis- 
sion of this disease. The adult turkey that 
has survived an outbreak is the most im- 
portant factor in perpetuation of the dis- 
ease on a ranch. Chukar partridges, quail, 
pheasants, peafowl, and ducks may also 
play a part in starting an outbreak. Even 
though chickens have not been found in- 
fected under natural conditions, the fact 
that they may be artificially infected means 
that the parasite may sometimes be 
adapted to them, and they must be con- 
sidered potential carriers. Outbreaks of 
hexamitiasis have been definitely traced to 
infected quail and pheasants ranging with 
turkeys. 

In the field the acute disease is usually 
seen in the later hatches and often after 
the breeders have been marketed. Thus 
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lism (McNeil et al. 1948). Dried whey 
containing Irom 50 to 70 per cent lacto« 
is essential, and it must not be caramelized. 
The mixture must be kept fresh, stirrra 
frequently, replaced often, and kept in 
clean containers. If poults fail to drink it 
readily after 3 to 4 days, it should be re- 
placed with fresh water for a few da>s. 
The usual experience following its use is 
an inaeased appetite with marked in- 
crease in feed consumption. 

Almquist and Johnson (1951) did a 
preliminary screening test on four anti- 
biotics using 9-week-old poults in which 
the disease was artificially produced. 
Streptomycin was of no value, but en- 
couraging results were obtained with 
Aureomycin (200 mg. per pound of mash). 
Terramycin (25 mg. per poult), and 
penicillin-G (25 mg. per poult). The 
treatments were continued for 3 to l-l 
days. They also fed 2-amino-5niiroihia. 
zole (ANT^ at the rate of 0.1 per cent in 
the mash for 14 days with good results. 


Mangram cl cl. (1055) obuined favorable 
results with furazolidone when it was 
added to the ration at Uie rate of 50 mg. 
per pound of feed. Wilson and Slavin 
(1955) tried a number of drugs and found 
most of them of no value. Enhcptin 
(Enuamin in England). 2-amino-5n.iro- 
ihwzolc. was never more than 50 per cent 
cUeitivc. Di-n buiyltin dilauratc (Tin^ 
stal) appeared to control mild outbreaks 
and lower death rates in severe field out- 
breaU, but had no effect when given to 
birds cxjKrimcntally infected willi a lethal 
dose of the par.isitc. They state that any 
drug to be clfeclivc would have to be one 
vshidi could be given in the drinking water 
because infected birds cease to cat early m 
the course of the disease. Fogg (1957) 
found Nithiazidc an effective ircaimcni m 
field outbreaks vshen given in drinking 
water at the rate of 0.02 per cent. Again it 
is cmpliasucd that drugs are not substitutes 
for preventive management. 
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Wilson 

lEUCOCYTOZOON INFECTIONS’ 


Smith (1895) discovered a pr»io“>“" 
parasite in the blood o£ turkeys, jv 
iater was named by Volkmar (1930) 
Leucocylozoon smithi. According to 
yon (1926), Laveran and Lucet in 1J05 
found a similar blood parasite in turkeys 
in France. Volkmar in 1930 reported tl^e 
parasite in turkeys from ''’“"’'“i,. ” 
North Dakota, and Skidmore (>932) J' 
ported an outbreak ol disease in turkeys 
horn Nebraska caused by 
amitU. Skidmore presented evidence that 
black flies identified as SmuUum occ • 
denlale (Townsend) were the tran™''- 
ters ol the parasite from turkey to ** 7' 

Johnson el ol. (1938), Travis el ol. (195^ 
and West and Starr (1940) have pnblishirf 
the results ol extensive studies on Leuco 
cytozoon inlections and possible came^ 
Other published reports on die di“asf ' " 
North America include the 
Calilornia, by Hinshaw and 
(1913); Texas, by Banks (1943); 
toba, Canada, by Savage and >« 

For a complete desaiption of,"**' P”“' 
site and the disease, the reader is rcterie 
to Johnson el ol. (1938), Johnson (1912). 
Bierer (1954), and Wehr (1962). 

Signs. Poults under 12 weeks are most 
aflected. Loss of appetite, droopmeB. anu 
a tendency to sit are common signs- » 
signs seldom last over 2 or 3 days, a 

• See also Chapter 57. 
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Dried blood smears stained according to 
Wright’s or Giemsa’s method make saUs- 
factory specimens for examination. Finding 
one of the species of Simulium feeding on 
turkeys is further evidence that a Leuco- 
cytozoon is involved. 

Transmission. Skidmore (1932). John- 
son et al. (1938), Underhill (1939). and 
Bierer (1954) have shown that at least 
three species of Simulium, Simulium oc- 
cidentale, S. nigroparvum, and S. sl^sonae, 
may transmit leucocytozoa by biting tur- 
keys. These are very small stout-bodied, 
black flies which live along streams. (i>ee 
also chapter on External Parasites.) 

Prevention and control. No satisfactory 
treatment has been reported. Confinement- 
rearing in houses saeened against simu- 
liids until the poults are several 
is considered practical by Johnson (1 h 
It is necessary to make the houses for such 
method of rearing fly proof by . 

cheesecloth. Screen of 16 mesh to the i 
failed to keep the flies ^^om entering 
houses. According to Bierer (1954), 


use of DDT or other irsecticidcs for large 
area control of the transmitters has 
not been successh.l, althoogl. a £e» in- 
Lidnal .inUy 

success by this preventive measure. 

SniplL teglegaiion o! breeding and 
broodhig operations will do miicli to prt 

^^transmission f.om adult carnet to 

found Mild tu« ) Tltetefotc, wild 

Georgia, and no i„[ection, and 

"comments' foi hoaamidasis wM also 
help in preventing Utis disease. 


RKatENCB 

Hinshaw. W. R.. and McNeil, E.. IW present parasitic disease*, 

im A -'>■ ""“1,1 — 

“ a blood o. lodoy 

niTTofiflfvum ovinn). Am- jour- vet. ^ L.. jgSS. A « i 


FIG. 41.45 - Photomicrogrophs of sto d^ Note I'Bh* « 

Uucoeytozoon from torkey*. X750. loierol bar pr**®"* dork color of 

m A mterogometocyto w. h only one •€» , p^^„, Note opposile side- , 

12) A mccrogometocyte wuh o^V“'on. aide ‘'T* Ve o» b. e«b wi.h bllote^rol 
(3) A mocrogometocylo with on j mocr^o'" ^ moerogon:’®'®'^**iL 

M) The mierogometoeyte ab®^" found. At « may be seen a ^^^ed J|’ body, 

bor*. ore the moat common J®” Note that on* bar la s«ih Tli ihriwo 

become round to form a mocfogomete. ^ difference bet»«e ^ eonnecimg ^ 

(5) An early mlcrogametoi^to i, a fypl«®‘ ^ 

or v*hot might be the parasite p P. ' ^ |be rioht and xuiinetion 

loterol bora or poaaible " * "^pe,ortve »•*•* , ,(,ere la '«*'*'^'ba‘!,^Uohnaon 

With eoilnophilk rod granotei. N^e c P ®9® the bitaterol bori. 

(6) The eorlleat macrogametocyte foun^ Including tb* ® 

between tenirol body ond aurroond.ng cyiop 
el qI., Am. Jour. Hyg.) 



1340 


W. R. HJNSHAW 


Sk.dmore L. V.: 1952. Lexicocytoi^ tmtlh, .nfccl.oa m ii» iranjmiuion by 

Simulium occidentale (To^\nscnd) ^5 U \ Uur. Amm Ind , Kul. 8;7. 

Smith, T.: 1895. Infectious discaws am^g ^h.ri?' r miO 'pteliminiry note on the occuaence 
Travis, B. V.. Goodwin, M H., Jr. and J ir»ulhcastcm United 

of Leucocyloioon imilfn L.t\cran and Lucet (IJta) m lutxcyi so 

u„toh“ ■J.T.'JsT l™un; ™ in Vn^lni., F.ron. En.om, 

Volkmar! F.1 1930. Observations on Lentoeyroaoon rrmlh.; H.tU note* on leueocyloroa in other 
Welw^E^E - ^ 19 M. 'sYuTiei on leucocytoioonosis of tuikev*. with notes on schiiogony, Iransraii- 

nlission, and control of LeurooloiooiiJmilhi Avian Ua C.IOj. 

Wemon C M: 1926. Protoioology. William Wood and Co . New lork. 

West' T ’ L and Starr. L. E • 1910. Further observation* on a Wtvxl protoroan infection in 
turkeys! Vet. Med 35 619 


TRICHOMONIASIS OF THE UPPER 
DIGESTIVE TRACT 

History. Jungherr (1927) was the first 
to describe this clinical entity. At ilie lime 
he suggested that a fungus nas the pro1^ 
able cause. Three years later Volkmar 
(1930) reported that Tric/iomonaj diVerso, 
now designated as Trichomonas gallmac, 
is present m the crops of turkeys suffering 
from this disease. Hawn (1937) later 
showed this parasite to be the ciiological 
agent. Stabler (1938a, b, 1954) h.ns shown 
the similarity of this trichomonad to the 
one m pigeons, which he points out should 
be known as T. galUnae instead of T. 
coiumiide. He suggested that the species in 
turkeys be called by this name instead of 
T. diversa. 

Levine et al (1941) reported evidence 
that the species found in turkeys is the 
same ns that found in chickens and 
pigeons They were able to produce the 
typical disease in turkeys, citickens, bob- 
white quail, canaries, and English sparrows 
with a species isolated from chickens. 

Epizootiology. Most of the cases studied 
by Hinshaw have been in turkeys from 16 
to 30 weeks of age reared on range land. 
The following description of one out- 
break in California is typical of the en- 
vironment in which most of the cases are 
found: 

The turkeys involved in this outbreak 
had been reared on the home ranch under 
semiconfinement methods until the middle 
of September, when they were driven 
daily to a cut-over rice field about % mile 
from the ranch. Each day the biri were 
allowed to feed for 2 or 3 hours on the 


shattertd rite left by llic harvester. After 
this proccdiiic had been continued for 
about a month, the flock, was permanently 
moved to the rice field and allowed to 
range at will. They were fed a mash sup- 
plcinciit that was left near ihe roosts lo- 
catcil on a dry area in a cut-ovcr barley 
field adj.iccnt to the rice. Water w'as 
hauled from the home randi, but lire 
birds had access to Uic sluggish, algae- 
contaminated water in an irrigation dildi. 
whidi they Iiad to cross in order to reach 
the rice from the roosting and mash-fecd- 
ing areas. Seepage from llic dltdt had 
caused a large, muddy, stagnant pool to 
form near tJic edge of the rice field. The 
turkeys drank a great deal of this water 
and picked up the rice in the mud at the 
edge of Uic pool. Several similar pools 
were found in other parts of the field. 
The disease started within 10 days after 
the birds were permanently located on 
the rice field. Pigeons, abundant in the 
area, may have been the transmitting 
agent. 

Signs. The signs are similar to those 
seen in many other diseases. Darkened 
heads with sunken sinuses and a generally 
haggard appearance are characteristic. The 
chest always has a depressed appearance, 
with the crop empty and drawn in towards 
the body. This typical attitude is seen in 
Figure 41.46. Lack of appetite, drooling 
from the mouth, roughened unkempt 
feathers, and a normal or slightly sub- 
normal temperature are also observed. 
Diarrhea does not, as a rule, accompany the 
disease. A foul odor is always present. The 
course of the disease varies, but as a rule, it 
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flG. 41.46 -Posture typical 
In trlchomoniosis of the crop. 
Note especially the sunken 
appearance of the crop area. 
(Hlnshaw, Univ. of Callf.l 


. i % f- 




is prolonged, and the birds become 
emaciated before death. _ . ^ 

Neaopsy findings. Chronic ulcerauon o 
the crop is the most common necropsy in 
tng. The lower esophagus and, less o ten. 
the proveniriculus and upper esopnag 
may be involved. The lower digestive tract 
and the other organs are, as a rule, norma • 
Aspergillosis of the lungs may be sc'o"”' 
iX) to the necrotic ulceration of the upp 
digestive tract. , , 

The lesions ins'olve the g^andulw m- 
sue and vary in size from a few to *5 • 

in diameter at the base (Figs- 41.47/_ 

B. and 41.48). They taper to a posm 
concentric rings of piled-up necrotsc 
sue to as much as 5 mm. above the 
face. They may extend into the 
or 4 mm. The surface protruding snto uic 
lumen of the organ is rough, irreguia . 
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flG. 41.48 — Necrellc olcerollon of 
the proventriculu* oflen »een in 
Jrichomonloii* of ihl* organ. (Hln* 
show, Univ, of Calif.) 


the flock should be mo\ed lo a dr>, clean 
area and given plenty of pure, fresh water 
to drink Sick birds should be kept sepa- 
rate and cared for by a person who has 
no contact with the healthy birds. Re- 
moving the causal agent and giving die 
birds good care is more essential than 
treatment with drugs. 

Jacquette (1948) found copper sulfate ol 
value in treating the comparable disease in 
pigeons. Ocher reports on use of drugs (or 
the disease in pigeons are Stabler and Mcl 
ientin (1953), Samberg and Bornstciii 
(1955), Stabler el al, (1959), and Bussi^ras 
et al (1961). Stabler el al reported on the 
successful use of soluble Enheptin (2-amino- 
5-nitrothiazole) at the rate of 6.3 grams per 


gallon of vv.ucr for pigeons. Bussidras et al. 
reported on a drug which shows consider* 
able promise for treatment of tricho- 
moniasis in many hosts. It is metro* 
uidaiole (l-beia-hydroxycth>l*2-mcthyl*5* 
nitroitnidiazolc). It prevented mortality in 
pigeons when given orally at the rate of 60 
mg/kg body weight over a 5*day period. 
One advantage over Enheptin is that it re* 
portcdly does not affect fertility of breed- 
ers. As far as is known the drugs men- 
tioned have not been used against the 
disease in turkeys. 

For a detailed discussion on T. galliriae 
as well as on other species the reader is re- 
ferred to Chapter 37. 
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MISCEllANEOUS PROTOZOAN DISEASES 
Protozoan infections that have been re- 
ported one or more times, and which may 
in the future prove to be signiRcant 
of mortality, are briefly described below- 
A Cochlosoroa, Rrst described by Kotlin 
(192S) from ducks in Europe, was named 
by him C. anatis. Kimura (1934) described 
a species from American ducks which he 
called C. rostratum. Travis (1938), in a 
synopsis of the genus, considers t ese spe- 
cies synonymous. McNeil and Hinshaw 
(1942) described a species m turkeys 
which ivas apparently the same speaes a 
described by K.otlin and Kimura. 
bell (1945) found Cochlosoroa in turkey 
poults in Scotland. The true pathogenic 
significance of tliis flagellate is not known, 
although both KotUn and Campbell sug- 
gest that it may be the cause of enicrius. 
Hinshaw has always found it assoaatea 
with Hexamita or Salmonella. 


Haemoprottus has been found bv Mere- 
house (1915) in mrkevs in Tc<i. Bants 
(1913) also suggested its presence in tur- 
kess in Teas This genus is nsnalls cat 
ricdU-llies ol the genus Pseudolcnchi- 
Morehouse does not 

Kivero (1917) has 
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MiBCGlIaneous Disoasos 


This section includes diseases am 
‘Utions which cause considerable 
loss in certain flocks but whiclt arc 
or less sporadic in nature. 

abscess of the foot pads 

Turkess sometimes suffer 
of the f^i i>ads (Fig. 41-49). Tlicse may 


rcicmhlc co.nt “d a |,„„,l,leloot. .» 
dition. comnionl) n". the 

cbicUna. The i„„.c..«n 

abiccas pinhihlj |u,l. Sonic 
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)ards that ^^erc in constant use ami vluth 
were cosercd with scseral months’ col- 
lection of fcccs; cases usually □pi)catol 
after the fall rains when the yarils became 
sery niudd). No doubt many cases of 
abscesses of the foot pads ate also ulcmual 
with staphylococcal arthritis. 

Putting the birds in dean tlr% <|uaricts 
and treating the discasetl pad will cure 
many cases. If pus is present, it should be 
removed, and the area cleaned and tte.«tcd 
with an antiseptic healing ointment or 
tincture of iodine. 

Rotating die runs and removing the 
birds to a clean well-drained yard just 
before the breeding season are recom- 
mended as preieniiie measures 

ASCITES 

Although not a hatchery problem, as- 
cites caused by excess of sodium compounds 
including common salt (Scrivner. 11)16; 


FIG. 41.49 — Ab»c«nes of ih* 
foot pods (bumbI«foet). (Hin- 
ihaw, Univ. of Colif.) 


Doll et ili, ID lb) .mil by cxixrsiirc to 
certain duinftciaiU fumes (Uullis and 
Van Rockcl. 1911) is sometimes confused 
with oinph.aiith due to infection described 
by Urandly <1952). Ascites (dropsy, watery 
belly, etc.) due to tlieniicil iwisoning is 
seen in young jMjults or clucks from 2 or 
3 days to 2 weeks of age. Lxccss of salt in 
the ration and fumes from certain types 
of disinfectants used for spraying broker 
doors arc common causes. Excessive salt 
is usually arcidenta) and may be due to 
impio|Kr mixes or {><>or saccning whicli 
allows lumps to git into the mix. The ad- 
dition of salt to mashes which already 
contain it bcc-nuse of salted protein con- 
centrates has also been rcs|x>nsiblc for 
a few outbreaks. Hatdicrymcn should warn 
customers regarding excessive salt in 
mashes and of the dangers of putting 
diicks into brtxxlcrs too soon after spray- 
ing ihe floors with volatile disinfectants. 
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BLUEBACK AND CANNIBALISM 

Blueback, as the name indicates, is a 
condition in vvhtdi the backs of the af- 
fected turkeys are discolored blue or hlaeV 
According to Billings (1940), it is caused 


by an injury to the quills of tlie fcatlicrs 
at the point of entrance into the skin 
which allows the pigment to escape and 
tattoo the surrounding skin (Fig. 41.50) 
Feather picking is the immediate cause, 
accxsrdlng to him. Exposure to sunlight 
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FIG. 41 .50 — "Bloeback" of turkey*. {RoUlon 
Purina Co.) 


after picking is necessary to produce the 
pigmented condition. Some of tiie otiter 
causes are overcrosvding in the brooder, 
keeping the poults too long on the sun 
porch, and lack of sufficient fiber in the 
ration. After picking becomes a habit, 
the vice is difficult to control, and the fi- 
nancial loss due to lowering of the market 
grade of the carcass may be considerable. 


Another form of cannibalism which often 
results in evisceration may also be started 
by feather picking. 

Pieveniion and control consist in cor- 
recting liie vice. Overcrowding in the 
brooder should be avoided. Moving poults 
to the ran^ as soon as picking starts or 
redudng the numbers in a house are 
suggested means of control. The feeding 
of whole oats is recommended by some 
as another means of prevention. 

Mectianical devices are commonly used 
for the prevention of these vices. Two 
types are used. The first, inserted in the 
beak, is patterned after the hog nose ring, 
in use by swine raisers for prevention of 
“rooting " These are inserted in one side 
of the lower mandible (lower beak). A 
similar type sold by one manufacturer is 
pinned in the upper beak. The promoters 
of these nose-guard types claim that tu^ 
keys so fitted cannot pick feathers. 

Trimming the edges of the beaks will 
temporarily prevent picking. An electri- 
cally heated cauterizing knife has been 
developed for removing a portion of the 
upper beak of birds to prevent feather pick- 
ing and cannibalism. This instrument can 
be recommended for the prevention of 
these vices in turkeys. Figure 41.51 from 
Payne (1956) shows an electrical cauter- 
izing knife used for debeaking and a tur- 
key tlut has been properly debeaked. 

Several ointments are on the market for 



fIG. 41.51 -An electric 
debeaker in use. The upper 
beak is removed half way 
between tip and nostril, 
(Poyne, i 956.) 
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use on injured birds, principally for pre- 
^ention of feather picking. These usually 
consist of a vaseline base, some hitter drag 
such as aloes, and a red coloring like 


carmine. Ewing (1940) suggests an oint- 
ment made by mixing 4 ounces of vase- 
line, 14 ounce of carmine, and Vi ounce 
of aloes. Roofing tar is also used. 
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of the Intestines) 

Every year numerous immature turkeys 
die of enteritis from unknown causes. 
Further research may prove some of these 
outbreaks to be infectious in nature. At 
present, however, they must be handletl 
as nonspecific and can probably be at- 
tributed to a number of causes 
Stampeding, failure of brooder heaters, 
sudden changes in the weather, piling in 
the brooder houses, heat prostrations, sud- 
den changes of feeding methods, and 
probably, in many cases, faulty feeding 
methods over a period of several weeks 
are examples of obscure causes of mor- 
tality. with enteritis as the principal patho- 
logical manifestation. These various fac- 
tors may also pave the way for secondary 
invasion by microorganisms normally of 
low virulence, which, under such condi- 
tions, may cause heavy mortality. 

An example of losses starting from an 
obscure cause that may easily be over- 
looked follows: Three lots of turkeys about 
12 weeks of age were in similar yards 
where it had been necessary to use an 
undesirable watering system until a 
modern drip system was installed- This 
new was insulled in all three yards 

at the same time, and the old system re- 
mosed Within 48 hours two of the three 
lots of turkeys became ill, while the third 
remained normal. On the third day it was 
discovered that the two groups of sick 
birds were not drinking the water because 
of an apparent fear of the new equipment. 
\Vhen the old equipment was replaced in 
these pens, the birds fought to get at the 
water and drank three or four times as 


ynvscK as wstmal for the day. Only I pet 
cent of the birds died before and within 
24 hours after the discovery of the cause, 
but tliere was a distinct difference be- 
tween the two affected lots and the third 
lot for nearly a month. A difficulty usually 
experienced in making a diagnosis for 
such outbreaks is the lack of sufficient his- 
tory. 

Losses are commonly experienced by 
turkey growers following the transfer of 
poults from the starting brooders to the 
“cooling” brooders. A common practice is 
to rear poults in small units in battery 
types for 3 to 4 weeks, and transfer from 
Uiese to regular brooder houses with yards 
or wire porches. Losses following such 
transfers are usually due to failure to use 
the same type of feeders and waterers as 
in the starting brooders. Use of similar 
equipment and careful watching of the 
poults to see that they start eating and 
drinking properly after such moves will 
avoid losses. 

Signs. The principal signs are loss of 
appetite, a tendency to separate from the 
well birds, diarrhea, and a general haggard 
appearance. Temperatures are usually 
normal or subnormal. The birds may sit 
in a Vistiess manner wilii their heads hung 
or turned up over their backs. On open 
ranges, where the majority of the flock is 
affected, difficulty is often experienced in 
keeping the birds under control; the 
turkeys appear nervous and may wander 
for hours, often straying V4 mile or more 
from the main camp. During the course of 
the disease, often a period of several weeks, 
a marked loss of flesh may occur. The 
mortality is not, as a rule, high for a single 
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day: but over a period o£ 3 or 4 weeks, 25 
per cent or more of the birds may die. 

Necropsy findings. Emaciation and 
enteritis, varying from a catarrhal to a 
more advanced inflammatory type, are the 
principal necropsy findings. The heart is 
usually flabby. The blood, in many in- 
stances, fails to clot for several hours after 
death; it is usually very dark in appear- 
ance. The liver often appears congested, 
and dark venous blood oozes from cuts 
made on its surface. In many respects Ae 
symptoms and necropsy findings resemble 
those of acute poisoning. 

Prevention, control, and treatment. It 
is extremely difficult to give methods of 
prevention, control, and treatment for en- 
teritis of an unknown cause. Every effort 
should be made to determine the cau^ 
before treatment with drugs is planne . 
Exploratory trials with the nevv drugs, 
rather than total flock treatment, is recom- 
mended until the eflicacy of a particular 
drug is determined. 

Sound, rational turkey husbandry is 
probably the best preventive. An adequate 
diet and an ample supply of pure, fres 
water are important. Avoiding the pos- 
sible causes of enteritis is essential. A lew 
have already been mentioned, and ot crs 
will suggest themselves. Any abnormality 
that will cause the bird to lose its appeti e 
or develop an intestinal disturbance, even 
for a few days, may cause heavy losses or 
several weeks. . 

Sudden changes of teed should 
avoided, but if the flock is definite y n 
doing well on a particular diet, the re^n 
should be sought. If the feed is responsibly 
a gradual change to another 
should be made. If the original metlio^ 
resumed after the birds have recov 
the shift should also be gradual. 

Turkeys that are to be taken o a u ^ 


possible heavy losses In addition, for a 
few da^s after they are moved to the 
range, the birds should h.ave some of the 
mash previously used. 


feed ration and transferred to a grain 


should be fed some of the sanie *y^ 


grain as that grown m — - „r,ore 

or two before being moved to the 
This procedure accustoms them 
new grain and will prevent a setbacfc anu 


the field for a week 


ENTERITIS (HEMORRHAGIC) 

Pomeroy and Fenstermacher (1937) 
describe a hemorrhagic enteritis in tur- 
key's ranging from 7 to 12 weeks of age. 
The disease appeared in Minnesota during 
the summer months and caused a mor- 
tahtv of about 10 per cent. The flocks in- 
volved m this outbreak had been reared 
on wire porches for 6 to 8 weeks and were 
then transferred to field ranges. The losses 
occurred from 10 to 14 days after the 
poZ were put on range. The ranges 
were very poor that year, greens were not 
available in sufficient quantities, and 
there was a distinct lack of sunshade and 
shelter. Escherichia colt and an 
fied Gram positive rod were the only bac- 
teriological findings. NeiUier of these was 
proved to be the causal factor. 

^ A condition similar to that reported by 
Pomeroy and Fenstermacher hM been ob- 
ferved in a few instances by Hmshaw. In 
these outbreaks the losses have always oc- 
curred a few days after transfe^mg he 
noulu to ranges or to yards adjoining the 

SSSSHS 

back on the . jj and 

first and finally caLal factors 

without further osse • findings con- 

were not determined. Th«e hnd j 

„ ll-»K>c-oId turk)^ „„r,„cracot. Bao 
;S"aSn1.fo„ ccveaW E.U. 
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ichia Colt infection in the Ihers of about 
20 per cent of the poults. No evidence of 
a viral infection could be established. No 
mention is made by them of attempts to 
isolate toxic fungi such as described by 
Forgacs and Carll (1955) and Forgacs et 
al. (1953) as a cause of a similar con- 
dition in chickens. Toxic fungi should not 
be o'crlookcd as a possible cause of hemor- 
rhagic enteritis in turkeys. Poisoning due 
to oterdosc of drugs (Sanger el al., 1956) 
should not be overlooked. Toxic sub- 
stances such as beat-aminopropionitrile 


(BAPN) (Barnett et al, 1957; Pritchard 
et al, 1958) and vitamin K deficiency 
should also be considered in making a 
diagnosis. 

The condition described as aortic rup- 
ture (dissecting aneurism) in turkeys by 
MeSherry et al (1954), Carnaghan 
(1955), Gibson and DeGruchy (1955). and 
Pritchard ct al (1958) should not be con- 
fused with hemorrhagic enteritis. 

See prevention, control, and treatment 
uitder enteritis (nonspecific), above. 
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aortic rupture (Dissecting Aneurism) 
Internal hemorrhage caused by aortic 
rupture or dissecting aneurism has become 
•m imjxnunt cause of mortality in turkeys. 

1 he first rc|Kirt of the disease was made by 
Dorrcll et al (1952). They reported its 
presence m manv^af-ihr.UnijR!LS>al««,.\Ifir 
Sherry (1954) described losses in Canada 
that occurred also in 1952. Fuilber evi- 
dence of the widespread occurrence are the 
reports from Great Britain by Carnaghan 
(1955) and Gibson and DeGruchy (1955). 
MeSherry el al (1954) and Pritdiard et al 
(195S) describe the disease in detail. 

I'hc etiology has not been clearly estab- 
lished. A number of investigators includ- 
ing Barnett et al. (1957), Pritchard et al. 


(1958), and Waibel and Pomeroy (1958) 
have been able to artificially produce aortic 
rupture by feeding small quantities of beta- 
aminopFopionltrile (BAPN) a toxic factor 
found in sweet-pea seeds. Since sweet-pea 
seeds are not used in turkey rations this 
sfwuaT.is.'UjJikfJy^ ontL nrs. orhftr. 'iyur.s, has. 
yet been reported. 

High blood pressure, induced by any one 
of a number of stress factors is considered 
as a contributing cause (Ringer, 1961). 
Ringer (1962) also considers genetic in- 
heritance of a defective blood vessel as a 
possible factor. Atherosclerosis, predis- 
posed by inheritance, has also been pro- 
posed by Ringer. 

Aortic ruptures occur under field condi- 
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tions in rapidly growing birds and mortal- 
ity is highest in males. Losses occur most 
often in birds from 10 to 16 weeks of age. 

Clinical signs are seldom seen, and the 
owner first realizes his problem when he 
discovers a dead bird showing a typical 
blanched head. Occasionally death is jmc- 
ceded by gasping and by blood running 
from the mouth. _ , 

On necropsy the abdominal cavity is seen 
to be filled with blood due to the massive 
hemorrhage. No evidence of trauma is seen. 
Rupture of the posterior aorta doe to a 
typical dissecting aneurism is most often 
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seen at a location in the region between the 
kidne>'S. Blood may be found in the air 
sacs, lungs, and even in the mouth and 
crop. 

A number of remedies have been sug- 
gested, but the tranquilizer, reserpine, is 
most commonly used. Its real value re- 
mains to be determined It is given in the 
feed and recommendation of the manufac- 
tuier should be observed. 

Reviews on the use of reserpine in tur- 
kevs will be found in papers by Craig et al. 
(1962), Speckman and Ringer (1962), and 
Krista et al. (196S). 
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growing turkey; with beta-ammopropionunie 


influenced by the amount ot shade al such 


HEAT PROSTRATION (Heat Stroke) 

Heat prostration is usually associated 

with high humidity accompanying mgn ^^.gakness, excessive “.Ration. 

temperatures or with very low humi ‘‘T perature, followed by comp , p£yj.„j5hing 

excessively hot days. Stiles (1943) r^o l,e osoccLly for the 

a case of\eat^exhaus.ion_ in_a_^flocE oJJ- , flue, esp^.ally 


temperatures. breathing, 
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weakness, excessi nrostration. 


week-old turkey poults 
abruptly transferred from cool ba ^ 
brooders to quarters where the heat 
the building and on the sun ^ 

extremely hot. Wilson and Woo^ 
(1955) found that air temperaturw at» 
90- F. cause hyperthermy in turkeys and 
that the body temperature is detmiic y 


ample shade ^ the brooder 

pou'lB jus. Ifahousc 

house to an open y the^ung poults 
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to the new quarters, they will stay inside 
during the excessive heat; water and iced 
should be left both inside and outside 
the house for the first few weeks. Out of 
doors, trees make the best shade; but an 
abundance of cheap artificial shade can 
be made from old lumber and posts. 
Thatched roofs may be used advanta- 
geously if material for covering the shelter 
can be secured. Pure, fresh rvater must be 
available at all times. It should be kept 
in a shady place and in enough containers 
so that the birds will have no difficulty 


in getting to it. If, in spite of all precau- 
tions, turkeys are overcome by the heat, 
they should be put in a shady, wcll-protccl- 
cd place and sprayed with cold water. 
Used in time, tliis procedure will save 
a large number. Filling the crop with cold 
water by means of a rubber tubing and a 
funnel is also advisable. Dipping the birds 
in cold water may be effective, but care 
must be taken to prevent drowning. y\s 
they may remain weak for several days, 
they should be kept in the shade vvith food 
and water easily accessible. 
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(NJURfES 

Injury to the female by die male. Severe 
losses occur in many breeding flocks l>e- 
cause of the females’ backs Iwing b.idly 
torn by the male during the mating pioc- 
ess (Fig. 41.52). Badly lorn females seldom 
recover sufficiently to produce feriile eggv 
during the remainder of the season: and if 
the wound does heal, the area is tender and 
easily torn when the bird is trodden again. 

Some males are much more vigorous 
and rough in the mating than oUiers. and 
many of the losses can be traced to one or 
two individuals in a flock. These males 
should immediately be rcplacctl by re- 
serves. One method of prevention is the 
removal of the toenails from tive males 
(Fig. 41.53A and B) This should be 


dune about a week before die males arc 
put into the breeding pens. A convenient 
instiumcni for removing the toenails is a 
pair of pruning shears of the roll<uc type 
shown In Figure H-SSA. An electric sol- 
dering iron or some other form of a scaring 
iron can be used (or scaring die cut surface 
10 Slop hemorrhage. 

Another mcih^ of preventing breeding 
females from being torn is to fit a canvass 
jacket over the back (Figs. 41.51 and 
41.55). These jackets, which can be pur- 
chased at a reasonable price, are recom- 
mended for general use. Care should be 
taken to purciiasc saddles whidi fit cor- 
rectly in order to prevent strangulation 
or Injury to the body or vvings. 

If an injured hen is discovered im- 


FIG. 4l, 52— Turkey hen with o iev< 
laeerotion eoused by a mole during t 
mating process, (Hinshow, Univ. 
Co It.) 
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FIG. 41.33 — (A) A m«fhod of (rimming iKe loenaiU of a mofs turkey to preverij injuries 
during the moling teoion. (B) Feet of a mafo turkey after (rimming the foenails as illus- 
Iroled in A, (Hlnshow^ Unfv. of Calif.) 


mediate])-, die torn edges of skin should 
be sutured. The bird should then be 
placed in a pen where there arc no males 
and left for about 2 weeks. An anusepuc 
dusting powder will induce healing and 
prevent attacks by flics. As soon as the 
wound begins to heal normally, the hen 
can be fitted wiUs the canvas jacket de* 
scribed above and can be returned to titc 
breeding pen. She should be carefully 
svatched, hon’cver, and if again injured 



by the males, should be returned to the 
isolation pen. 

Where several males are in one pen, 
the transfer of a male to a pen of in- 
jnred females may be a better procedure 
than putting the injured hens back in 
the regular pen. The time required for 
complete recovery depends on tire extent 
of the injury and the efficiency of the 
neatment. Whether or not treatment is 
u'orth-while depends on the value of the 
individual and the time available. 

Injuries from fighting. As males are 
more likely to be injured from fighting 
than are females, often a valuable male 
should be separated from its penmates if 
it is not able to defend itself successfully. 
A male which has been away from the 
flock for any length of time or which has 
just been purchased must be protected 
when placed with other males, because 
lliey win invariably fight it. 

Minor injuries seldom require treat- 
ment and will heal readily if the bird is 
unmolested. Severe lacerations about the 
head usually respond to an antiseptic dust- 
ing powder. 

Miscellaneous injuries. Injuries from 
being caught in fences, from flying into 
objects during stampedes, from rough 
handling, and from many other causes 
are cared for in much the same manner as 
injury by a male. 

Wicfcware (1945) reported chat grass- 
hoppers may caused death of turkeys by 
mechanically injuring the walls of the 
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crop and intestine In some oC these cases 
the walls of these organs s^erc punctured 
by grasshopper legs He suggests that such 
losses can be prevented by feeding plenty 
of mash to turkeys that have access to 
ranges where grasshoppers arc abundant. 

Dickinson and Clark (1W6) and Bullis 
and Van Roekel (1944) have reported 
brooder stove residue burns on the heads 
of turkey poults that were brooded under 
stoves heated with gas briquets or kero- 
sene, The injuries in these cases are simi- 
lar and range from mild burns to dry 
gangrene Dickinson and Clark state that 
the use of tight-fitting stove pipe joinu 
will prevent seepage of the oily residue 


icsponsiblc for gas briquet type burns. 
Attciuion paid to kerosene or similar 
burners to prevent leakage of oil will stop 
losses from sucli causes. 

A type of injury seen now and then is 
shown in Figure 41.56. The bird is usu- 
ally found asitli its licad hanging down- 
ward and fonvard and is unable to change 
tins position. The neck muscles are much 
swollen and arc hot to the touch. Often 
one will find a tuft of feathers pulled from 
the side of the neck and evidence of a 
bruise. Dislocation of a vertebra or frac- 
tuie of a vertebral process has been found 
to be the cause in most cases. In at least 
two, ilic injury resulted from entangle- 
ment in a wire fence during attempts to 
teach fcctl. Correction of the dislocation 
l>> massage .and tension gave relief and 
complete recovery in about 2 weeks. Other 
cases have iaV.cn Iroin 3 to C weeks to re- 
cover but hive shown no dcirimental aftcr- 
clJcciju II such an injury is found in a 
flock, the c.iuse should be dctcimincd. Any 
dislocation found should be corrected. 
Until rccoverctl the bird should be isolatcti 
but placed near vs.itcr and feed containers. 



FIG. 41.56 — Posture of turkey suffering from o 
slight dislocoiion of one vertebra of the neck. 
The bird could not rolse Its head, and the mus- 
cles of the area were severely swollen. (Hin- 
show, Univ. of Colif.l 
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KERATOCONJUNCTIVITIS 

(Blepharoconjunctivitis] 

Bierer (1956, 1958) describes a disease 
characterized by inflammation of the eye- 
lids and, in more advanced stages, an ul- 
ceration of the anterior portion of the 
eyeball. According to him, the disease 
generally is found in adult turkeys in the 
early breeder flocks — November to Janu- 
ary. Hens appear to be more often affected 
than toms. Economic losses may be severe 
from higJj mortality, loss in egg produc- 
tion, and reduced fertility. The market 
value of the affected birds is lowered. 


Signs. Bierer describes the following 
signs of disease. The first evidence is a 
whitish foam at the inner corner of the eye 
near the nictitating membrane. One or 
both eyes may be affected. A whitish crust 
may be seen on the outer surface of the eye- 
lid. Excessive lacrimalion occurs when the 
bird begins to rub the affected eye on its 
feathers. The conjunctiva becomes 
progressively more jjiflaroed, caseous exu- 
date appears, and finally the lids become 
encrusted, preventing vision. Ulceration of 
the cornea, destruction of it, loss of aqueous 
humor from the anterior chamber, and 




FIG. 41.57 -KerotoconiunctivifiJ. (upper) severe eoniuneuy.i.s; (middle) 

eyelids end conionctival sac filled with cheesy matter; flower) eyelid* ^movLd 

presence of the cheesy matter. RtphU (upper) ulceration of the 

(middle ond lower) severe keratitis with extensive destruction of eorneol tissue, eyelids 
removed. (Bierer, 1956.) 
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permanent blindness are the terminal 
phases o! the disease. Death may result 
from inability to obtain adequate feed and 
water. Actual mortality in the flock usually 
is low. but the morbidity may reach 35 to 
40 per cent of the flock. The greatest 
economic loss is from loss in egg produc- 
tion, poor fertility, and lowered market 
value of the affected birds. Figure 41.57 
5 ho^\s various stages in the development of 
the lesions. 

Etiology. The etiology is obscure. Bierer 
(1958) presents convincing evidence that 
deficiency of vitamin A plays an impor- 
tant role probably as a stress factor. Second- 
ary infections probably account for many 
of the pathological changes although 
Bierer was unable to incriminate any 
single miaoorganism. 

Differential diagnosis. There are a 
number of reports on e)e invoh'craenu in 
turkeys that must be differentiated from 
litis disease. Included are Manson's eye- 
worm disease (Schwabe, 1950): Plasmo- 


dium lophurae infection (Becker et al, 
1949); aspergillosis (Moore, 1953): sal- 
monellosis (Evans et al, 1955): paracolon 
infections (Hinshaw and McNeil, 1946); 
and granulomatous chorioretinitis (Saund- 
ers and Moore, 1957). Similar signs and 
lesions are sometimes seen in turkeys that 
have been vaccinated against fowl pox at 
an early age and exposed several months 
later after the initial immunity has been 
reduced or lost. These cases usually de- 
velop in old breeders following fighting. In 
such cases the causative virus can be easily 
isolated and demonstrated as the cause. 

Prevention and control. Bierer suggests 
prompt isolation of the affected birds to 
avoid cannibalism by mates. Individual 
treatment following surgical cleaning of 
the area with antibiotic ointment has given 
good results. Administration of vitamin A 
to eacli bird is indicated. Supplementing 
the ration with feed containing a high 
vitamin A level is suggested by Bierer as a 
preventive measure. 
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OMPHALITIS 

Omphalitis, or navel infection, is charac- 
terireti by faifure of the navel opening 
(umbilicus) to close properly, wiUi result- 
ant infection of the internal organs. The 
disease can often be traced to faulty incu- 
bation or to hatchery insanication. In 
most insunecs the poults are weak when 
removed from the incubator, and 
may start before time for shipment from 
the hatdiery. 


Published reports of the disease include 
those of Volkmar (1929), Brandly (1932), 
and Williams and Daines (1942). Wil- 
liams and Daines associated a severe out- 
break of impetigo staphylogenes among 
hatchery workers with a concurrent out- 
break of omphalitis in poults in the same 
hatchery. 

The signs are general weakness, lack of 
body tone, and a tendency to huddle. In 
the brooder the poults appear cold and 
stay under the hover. When handled they 
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feel flabby, the abdomen is enlarged, and 
they do not have the firmness of a normal 
poult. The navel opening, which usually is 
completely healed tvithin 72 hours, i$ in- 
flamed, moist, and fails to dose for several 
days. Often a definite scab forms over iKe 
opening. The course is rapid, death often 
occurring within a day after signs are 
noted; the mortality is high, often rea'Mng 
50 per cent of the brood. The course of the 
disease and the mortality depend oa the 
type of microbial flora that exists in the 
hatchery and on the promptness of initia- 
ting preventis’e measures. 

On necropsy, edema of the musdes of 
the abdomen and breast, an unabsorbed 
yolk, and peritonitis are the principal ob- 
servations. The contents of the retained 
yolk are usually more liquid than normal, 
and rupture of the yolk sac is common. 

The disease is probably a result of a 


mixed infection of hatchery origin. In the 
outbreaks reported to the writer, thorough 
dcaning and disinfection of Uie hatchery 
rooms and incubators have prevented 
further losses. The formaldehyde fumiga- 
tion method, outlined under the section 
on disinfectants (page 131) will eliminate 
the disease from the hatchery, insko et al. 
(1941) and Insko (1949) suggest that two 
to three times the amounts of formalin and 
potassium permanganate be used to fumi- 
gate incubators known to be spreading 
omphalitis. T/iis strength should be used 
between hatches. Incubator rooms and all 
hatchery equipment as well as the incu- 
bators should be fumigated. (Sec section 
on formaldehyde fumigation, page 132.) 

Ko remedy or adequate method of con- 
trolling the disease in the brooder has 
been found. Keeping the poults comfort- 
able and applying hygienic measures will 
help reduce the mortality to a minimum. 
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PENDULOUS CROP 

Serious losses from pendulous crop (Fig. 
4I.58A) in some flocks are. according to 
Hinshaw and Asmundson (1936) and As- 
mundson and Hinshaw (1938), the result 
oY a AereaVtary preaYsposifibn itjwanf efttr 
condition. Turkeys with the inherent weak- 
ness develop pendulous crops after the in- 
creased liquid intake that follows the first 
wave of excessively hot weather. The crop, 
once expanded, seldom returns to nonnal 
size, especially if the hot, dry weather con- 
tinues. It may contract for a few days, if 
the weather becomes cool, and then ex- 
pand again during the next hot spell. Al- 
though a few birds recover, the majority 
continue to have pendulous crops. In this 
condition the crop does not empty nor- 
ntally; stagnant, sour liquid contents are 


retained in the bulbous portion. As time 
goes on, the mucous membrane thickens 
and may become ulcerated (Fig. 41.58B) 
due to secondary microbial infections. 

The appetite is not greatly affected, but 
digestion is hindered. The feed and water 
rtarcainihg in Che crop may Aicrtrasif oWiV 
the crop and its contents equal one-fourth 
of the total live weight of the bird. The 
bird may continue to grow, but will re- 
main unthrifty and may become emaciated. 

Pendulous crops caused by an inherent 
weakness must be distinguished from simi- 
lar conditions that sporadically result from 
impactions, mycosis, trichomoniasis, and 
other crop infections. These conditions, 
however, may be exaggerated in flocks 
having a hereditary tendency towards 
pendulous crops. 

Studies by Rigdon el al. 1958) and Man- 
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[re et al. (1958) indicate that the normal 
diets fed turkeys do not greatly mlluence 
the incidence of pendulous crops in a flock. 
They, hotvever, experimentally produced 
pendulous crops in turkeys by feeding a 
ration containing ccrelose as a substitute 
for starch When such birds were returned 
to a starch ration, the pendulous crops 
regressed. No mention is made by them as 
to whether the turkeys used were from 
parent stock having a hereditary tendency 
to this condition They also found that 
Saccharomyces tellustns grows and multi- 
plies rapidly in crops of turkeys fed cere- 
lose This yeast produces large amounts of 
gas which is thought to be (he cause of the 
expansion of the crops of cerelose-fed birds. 
Candida albicans was also found to be a 
common inhabitant of the crops of the 
iw^'eys useu’ ih ide cereibse experiments, 
but it did not multiply when cereiose was 
fed, and no frank cases of candidiasis de- 
veloped. 

Course, mortality, and causes of death. 
The course of the disease is chronic; as 
mentioned above, very few birds recover 
even viith treatment. Some live for as long 
as 2 years, but the mortality of the affected 
birds in a flock may exceed 50 per cent 

The causes of death are (1) rupture of 
the crop by the bird’s toes in its attempt 


to walk or run, (2) mechanical pneumo* 
nia from the seepage of crop contents into 
(he bronchi during mechanical efforts to 
drain the crop or as a result of a back- 
flow when the bird low’ers its head, and 
(3) starvation due to insufficient intake 
of food or to improper digestion. 

Necropsy findings. Necrotic ulcers, vary- 
ing in nature according to the type of the 
contents and severity of the case, frequently 
occur. Scraping the neCTOiic membrane 
from the surface leaves a denuded, bleed- 
ing area This type of necrosis is distin- 
guislied from that seen in trichomoniasis 
by the tendency of the latter to form indi- 
vidual pyramidal ulcers (Fig. 41.47) as 
compart with the diffuse, spreading na- 
ture of the former. Demonstration of trich- 
omonads furnishes a further means of dif- 
tbrenaanbn. tn a lew cases, icsibns typi’cai’ 
of moniliasis (thrush) (Fig. 41.12) have 
also been observed In these cases fungi 
are readily demonstrated. The contents of 
the crops have varied from a watery, sour- 
smelling mass to a solid bolus of mud, 
feces, and grain. Semiliquid contents have 
been most common. The contents usually 
suggest a depraved appetite. 

Few or no dianges in any organ except 
the crop and possibly the lower esophagus 
are seen on necropsy. The mucous mem- 
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brane of the bulbous portion of the crop 
is thickened and in folds. Areas of dis- 
eased lung tissue varying in size are easily 
seen in those cases where the cause of death 
has been mechanical pneumonia caused by 
the entrance of crop contents into the lung. 
In such cases, food particles are found in 
the bronchi when tlie latter are carefully 
dissected. The air sacs are sometimes in- 
volved, and foreign matter can be seen 
when scrapings from them are examined 
microscopically. 

Prevention, control, and treatment. 
Since pendulous crops are usually associ- 
ated with a hereditary sveakness, tlie best 
preventive measure. is to avoid mating any 
birds that have a family history of this 
weakness. Although Uiis is a difficult pro- 
cedure in the flock that is not trapncstc<l. 
much can be done to prevent the condition 
from becoming established. Poults witli 
affected crops should be caught and toe- 
marked or banded so that they can Ise 
eliminated at the time turkeys are selected 
for breeding. 


Sufficient shade during the hot montlis 
will reduce the numbers of pendulous 
crops in a flock. It is doubtful, howeser, 
whether any procedure other than elimi- 
nating the inherent tendency will remote 
the possibility of h.nving a few cases. 

Many methods for “curing" pendulous 
crops have been described by turkey grow- 
ers. Tliese hasc included various opera- 
tions, the use of cloth vests or supporters, 
and methods of portioning out the water 
supply to the affected birds. Most of the 
methods have produced few actual re- 
coveries. 

Removing a portion of the crop surgi- 
cally results in a high percentage of re- 
coveries, but the time consumed probably 
docs not warrant the procedure as a rou- 
tine practice. iV'ashing out the crop with 
warm water containing a weak antiseptic 
and then tying oil a portion of the skin 
over the enlarged crop will yield tem- 
porary relief until market time, if only a 
few cases appear, it is more economical 
to kill the affected birds 
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POISONING* 

Although losses from poisoning in tur- 
key flocks arc not great, a lew cases are 
briefiy described below. The tolerance of 
turkeys to rotlcnt poisons is also discussal 
in answer to inquiries on this subject. In 
most outbreaks traced to poisoning, the 
signs and necropsy findings resemble those 
already described under the heading of 
enteritis. The diagnosis depends on dis- 
covering poison by chemical analysis of the 
crop or gizzarti contents or on finding 
poison in the food supply. 

Arsenic. DcLay (1910) reporial losses in 

•See al-o Chipter 40. 


JO-wcek-old poults from eating grasshop- 
per bait containing sotlium arscnitc and 
bran moistenai with water. Tlie bait was 
spread unevenly on .1 turkey range so that 
ihe binls had access to clumps of the mix- 
ture well as to the gmsshopj>cr$. The 
owner icporied a jnort.TJity of 5 per cent 
from the jxiisoning. DcLay ftd some of 
tlic same mixture to 8-wcek-old poults in 
such X mxmicr that the {wults ronsuineil 
from 0.25 to 0 5 gram of arsenic trioxide 
Both doviges killed the cxpciiinenul 
poults: the larger dose in 2 to 12 hours, 
anti ilic smaller in 20 to 72 hours af- 
ter being fal. The smaller tinsage approxi- 
mated that consuinal on the r.sndi. The 
posimnncin findings in the field rasa 
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described by him wcte grasshoppers in 
the CTop, hemorrhagic inflammation of the 
duodenum and jejunum, and a "stvectish" 
odor of the gizzard and intestinal contents 
Anenic svas detected in the intestinal con- 


tents and in the grasshoppers found in liic 
crop by the Gutzeit method. 

According to Whitehead (1931) arsenic 
in bran used for grasshopper poisoning 
is not present in sudicicnt amounts (o pro- 
duce mortality in birds if the mixture is 
spread evenly and thinly over the ground 
Growers are cautioned, however, to be 
sure that these rccortuncndaiions are fol- 
lowed if such a procedure is neccssajv on a 
turkey range 

Copper sulfate (bluestonc). According 
to experimental work bv Hinshaw and 
Lloyd (1931). turkeys may be poisoned 
by copper sulfate added to the drinking 
water in concentrations greater than 0.2 
per cent (I 500 dilution). As turkeys do 
not like copper sulfate solutions m any 
dilution and will avoid them if untreated 
water is present, poisoning is unlikely un- 
less no other source of drinking water is 
available. In cool weather turkeys may go 
without drinking for several days rather 
than drink water conuining even nontoxic 
doses of this chemical. For these reasons, 
copper sulfate is not recommended except 
for specific uses and in concentrations not 
wceedmg 0.05 per cent (1:2,000 dilution). 
Ihe poisoning is usually evidenced by a 
grcenish-blue stain on the crop. Marked 
erosion of the mucous membranes follows 
excessive doses 


Mercuric chloride (corrosive sublimate) 
Mercunc chlonde „ „dl kno™ to, iu 
toxic niture, but in spite ol thi, i, olten 
carelessly used on turkey randies as a dis- 
mleclant and remedy. It i, commonly 
recommended lor ueatraent of drinUni 
water without expetimental basis for ihl 
recommendation. 


A senes of trials made on the toxicii 
of this chemical for turkeys by McNeil am 
Hinshaw (1945) showed that a 1:4,00 
dilution as a sole source of drinking wau 
was toxic. The principal necn^y Bndin 
in mercuric chloride poisoning was 


marked thickening and necrosis of tlie giz- 
zard lining. Tliere was some esdiaroiic 
thickening in the crop, and llie mucous 
membrane of the provcntriculus was often 
sloughed. 

Poisonous weeds. The fact Uiat turkeys 
are often ranged among poisonous weeds 
suggests the reason for losses that are 
soinetiincs experienced on pasture lands. 
There arc no experimental data available, 
however, on weed poisoning in turkeys. 
Where hc.ivy losses occur in young tur- 
keys reared on pasture, poisonous weeds 
should be sought as a possible cause. Sus- 
fleeted pLinu should be sent to a diag- 
nostic laboratory together with tissue 
specimens for diagnosis and identification. 

As a rule, animals or birds will not eat 
poisonous plants, unless other forms are 
not available. Most cases of poisoning re- 
sult from the eating of young, growing 
shoots that come up in the spring before 
more palaiable and nonpoisonous plants 
appear. Under certain conditions the seeds 
of poisonous plants may cause losses if 
acddcnully mixed with grains. 

The only method of control is to re- 
move die cause. If the birds are ranging in 
suspected areas, confining them in en- 
closures for a few days and supplying them 
with suITicicnt freshly cut greens is recom- 
mended. When they arc again turned out 
on Uie range, the supply of fresh greens 
should be continued until the suspected 
poisonous plants have been replaced by 
nonpoisonous varieties. 

Examples of poisonous weeds which 
have been known to cause losses in turkeys 
are the seeds of certain of the lupine, 
young shoots of oleander, and die second, 
succulent growth of Sudan. 

Oleander (Nerium oleander) poisoning 
in turkeys is occasionally seen, but under 
normal feeding conditions poults will not 
eat even the young succulent shoots. In 
one experimental trial by McNeil and 
Denny (1939), five out of six 4-weck-old 
poults were killed by inserting leaves of 
oeander sprouts into dieir crops. The 
*^e poults had refused to eat the leaves 
when offered as greens. The poulu died 
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within 24 hours after the forced feeding, 
and at necropsy showed hemorrhagic 
enteritis. Three adult turkeys were fed 
vouiiB succulent oleander shoots lor 2 
weeks in lieu of greens. The birds con- 
tinuaily refused them, even when they 
were cut up and mixed with the grain. 
The presence of oleander leaves m the 
crop and gizzard, together with a history 
of The poults eating the plant, is evidence 
o£ poisoning. 

Sodium bicarbonate (baking soda), hm 
dium bicarbonate has been »>•»«» “T 
several investigators (Delaplane, iai«. 
HoHman, 1942; and Witter, 1936) to cau« 
losses in chickens. These losses are ““i- 
fested by lesions in the kidneys and mlier 
organs similar to those seen m gout. Ho« 
mJn found that the conunuous o 
amounts of sodium bicarbonate in ex^ of 
15 grams per gallon of drinking water s 
toxic for baby chicks if used as a substitute 
lor all other drinking water. 

The toxicity of sodium bicarbonate for 
turkey poults from 4 to 3 wee^ of age 
has been determined at the California 
station (unpublished t^tita)- The resu 
obtained were similar to ‘bose «poH^ 
by the above investigators. When more 
than 0.6 per cent nj 

was given in the drinking wa 
6.week-old poults, some mortality resu . 
while 8.week-old PO“'ts were able to 
tolerate 1 2 per cent. Marked uremia and 
arUiritis devdoped in all =8'* "b'" 

0.6 per cent was given. As noted by ’ 

sodium bicarbonate given m snbtoxm 
doses also caused increased water con 
sumption and diarrhea in tur y ^ ^ 
Therefore, sodium bicarbonate 
safe drug to use on the tur ey r 

Sodium chloride “'‘’'abour 

outbreak of enterius m turkeys a 
two-thirds grown b»»"y “„^com 

sociaied with the use of salt, 

taining a high ^ ^ the 

This was the only source of s«ter 
losses probably resulted the 

tion combined with salt d drank 


lion combined — 

turkeys did not like („,h 

only small quantities. A supply 


water stopped the losses within a feiv days. 
Another instance of losses from enteritis 
probably due to salt consumption was 
ttaced to boxes of salt placed on the range 
for sheep that were being pastured with 
the turkeys (See material on ascites, page 
1344) 

Strychnine. Inquiries on possible poison- 
ing by the strychnine coated gram used for 
control on cutover gram fields 
stimuUted a series o£ experiments to de- 
temine the tolerance ol turkeys lor slryclv 
S;;:, Based on the results, forkeys will 
tolerate the usual amounu of 
in poisoned gram. Despite considerable 
variation in individual 
probably little clanger, provided other 

b7i-".rs— r: 
sSriitSfr'r-- 

and seek more palatable food. 

Miscellaneous. Many P 

Jd^e menlioned, but they are^n=. 
common «use^ of > 

kJyr.o"'circunu.antial evito^ 
cult to pro e ^g^icals as mercuric 

^?„"Sue?emaini„gontl.efor. 

esf troisoning for turkeys, as 
A source seed com or 

wmll as f?' J tor' control ol fongi. 

"flier ITcL fungicides used in treating 
One of these lung ingredient of 

S?cl“rruam^foT..bfur- 
SS abreTp'^lofTMTD. U 
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is hazardous to feed such com to poultry 
even as a small percentage of the ration 
according to ^Vaibel et al. (1957). Poultry 
fed Arasan-treated corn developed en- 
larged hocks, slipped tendons, and an un- 
steady gait. When rations containing 
Arasan-treated corn were fed to laying 


hens, the results were disastrous, simu- 
lating acute infectious bronchitis. 

Apparently the common weed killers 
have little or no effect on turkeys if used 
on vegetation in the usual recommended 
amounts (Roberts and Rogers, 1957). 
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NEMATODE, CESTOOE, AND 
TREMATOOE INFESTATIONS 

Since most of the parasitic tvorms affect- 
ing lurkevs are also common to chickens, 
the reader is referred to Chapters 34, 55, 
and 36 for detailed descriptions of these 
parasites. Control and treatment are ako 
discussed in these chapters on pages, 995, 
1029, and 1052. 

Capillaria. Of the several species of the 
genus Capillaria that infest domestic 
birds, at least three have been reported 
in turkeys Two of these, C. annulata and 
C. contorta, infest the upper digestive 
traci., whjJft. mn„ri. r^ulinljnla, -anL 
obsignata, are found in the imeslines. 
Cram (1926) reported C. annulata in tur- 
keys in 1926 and later (Cram, 1936) pub- 
lished a comprehensive review on this and 
other species, giving the principal morpho- 
logical characteristics of each. Fiinnpi 
(1939) has described symptoms and necrop- 
sy findings observed in the three outbreaks 
due to C. contorta. He calls attention to 
the penguinlike attitude of infested turkeys 
(Fig. 41.59). Figure 41.60 shows the gross 


lesions obsened in one of Emmel's speci- 
mens. He reported ihat 5 per cent com- 
mercial flowers of sulfur fed in the regular 
mash caused marked improvement of in- 
fested birds in 4 days and prevented new 
cases from appearing in the flock. The in- 
jurious effect of prolonged administration 
of sulfur is discussed in the sections dealing 
widi coccidiosis and nutrition. C. ob- 
s'gnata, formerly known as P. columbae 
(Graybill. 1924; Wehr, 19S9b) may cause 
heavy losses in young turkeys. C. caudin- 
flata requires one of several species of 
earthworms as an intermediate host (More- 
*uouse, 'ns true s'lgrifhcance as an 

economic factor in turkey raising is not 
known. Earthworms are also transmitters 
of C. annulata (Wehr, 1936). 

Cecal worms. Cecal worms {Helerakis 
gallinae) are of importance because they 
act as carriers of Histomonas meleagridis, 
the causative organism of histomoniasis. 
Recommendations for tlieir prevention 
will be found in the section on histo- 
moniasis. 

Gapeworms. Gapeworms (Syngamus tra- 




RG. 41.59-Typical penguinlike .®t “ 

lurkey in advanced sJage of 5w*i»"l » 

»a>ion. (Emmel, Jour. A.V.M.A.) 

chea) cause some mortality in 
keys, and as shown by Wehr n 939 b), sur 
vivors may carry the parasite tor as g 
as 224 days. Such survivors arc important 
means o£ transmission to susceptible 
chickens and poults. 

Ascarids. The intEstinal roundworm, 
Asaridia galli, is not an important paras'ie 
o£ tutleys, and under good 
practices the turkey grower need no 
losses from it. Evidence that the turkey s 
more resistant to the Ascaridta gat 
the chicken has been reported by 
and Eisenbrandt (1933). Another specie , 
A. di.^imiUs, according to Welir (^P*" 
34), has been repotted from both domes 
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and wild turlcys in the United Slates and 
Cuba This speaes is similar in appear- 
ance to A gal!' bill is somewhat smaller. 
Remedies lor control of these intrasites are 
not recommended unless ilefinilc esadenre 
of a severe flock hilestation is found. 

Tapew'oems mas present an economic 
nrobl™ to the mrle, grosicr. 
iesiodes that intest chickens are also para 
sine for turUss Prevention, control, and 
treatment ate similar lo those outlined 
for duckens. . . 

Combinanon .antlielmmlics 
irnioval of both roundworms and tape 

Riley (1931). an Co/fjriciiim 

ported a monos turkey* 

(aba, which jg usually are found 

.,„d other T"" mranJ especially 

in the abdominal g occasional 

■''' ’’“.to pmfs oi the body (Fig. 
cysts on other p reported in 

41.61) This fluke ha bcen^^^p 

many spK.es Vm life history 

mnots. Aliliough the comp 

fTsn"baLly S a's ihc 
believes that ma I nymphs of 

r.tst intermediate intermerliaie 

draiionllies as the 


FIG. 41.60-Crop ond esophagus of 
o turkey suffering from C. *®/\**., 
iiH..loili„. (Emmll, Jom. A.V.M-A.l 
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FIG. 41.61— A 6-week-6ld turkey 
poult showing perionol and ab- 
dominal groups of cysts of o fluke, 
Collyriclum faba, (Riley ond Kern- 
kamp. Jour. A.V.M.A.) 



host. English sparrows appear to be im- 
portant disseminators of the parasites. 

Annereaux (1940) reported the occur- 
rence of typhlitis in poults caused by a 
fluke, Echinoparyphium reeurvaltim (von 
Linstow). The 10-week-old poults involved 
m this outbreak were being ranged along 
a creek where two types of snails and many 
tadpoles svere present. The lesions found 
in the ceca of the affected pouhs were 
characteristic of those seen in the ceca of 
poults suffering from blackhead, but no 
liver lesions were noted. Foggie (I9$7) 
has reported an outbreak of parasitic 
necrosis of intestines of turkey poults in 
Ireland caused by a fluke, Plagiorchis hrt- 
cola (Skrjabin), normally a parasite of 
terns and gulls 

According to Macy (19S9), the most 
important speaes of trematode parasite 
for North American poultry is Prostho- 
gommus macTorckis Although not found 
in natural outbreaks, Macy was able to in- 


fect turkeys with this parasite: typical 
lesions were observed in the oviducts of 
the parasitized birds. Few external symp- 
toms of disease were noted, but the tur- 
key's ceased laying 4 days after being fed 
Ute parasites. This trematode is transmit- 
ted by dragonfly nymphs (Lakela, 1932). 

Other trematodes reported from turkeys, 
according to Wehr (Chapter 86), include 
the following: 

Cychcoelum mutable— Respiratory tract 
(Europe, Asia, and South America) 
Strigea (atconis meleagns— Viscera (Texas) 
PotthaTmostomum ga/lmum-Ceca (Europe. 

Asia, Africa. Hawaii, and Puerto Rico) 
Notocotylus attenuatus-Ctci (Europe and 
Asia) 

No satisfactory treatment has been re- 
ported for trematodes in turkeys. Pre- 
vention of infestation consists in avoiding 
access to marshy pastures, lake shores, or 
infested streams. 


^ eompataiive resiitaiice of Bionic turkeys and 

20 129. ® ^ Asc^rfd^ (Schneider). Jour. Parasit. 

''.Para»itic diieaw of the esophagus ti turkeys. No. Am. Vet. 7:46. 

TechllJul. sfe ‘ CapilUna parasitic in the upper digesthe tract of birds. USDA 
Observations on Ca/..Hena contorle in tuikeyi. Jour. Am. Vet. Med. Assn, 
^‘^iljrfabinf Jouf HdS Flag.orchi. I^ricola 

m (Rud-) from the chicken and turkey. Jour. Parasit. 

MaCT\%-'”l39^hra«fn®tulke!’“A“ Prothogonimus. Poultry Sci. 11:181. 

° “ Proiliiogon^jnus macroTchts. Jourl Am. Vet. Med. 


Assn. 94:537. 

Marotel. G.: 1926 Une nouvelle maladie 
Rev. v6l 78 (12):725. 


paiasiiaite: La monostomidose cuianie du dindon. 
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ECTOPARASITES 

Reference is made to Chapter 33 on Ex- 
ternal Parasites for a detaiied discussion, 
including prevention and control. ^ 

Lice. Turleys may be infested with the 
common body louse of chickens, Mma- 
canthus stramineus and the chicken sha 
louse, Menopon gallinae. The large lui 
louse, Chelopisles meleagridts, and tnc 
slender louse, Oxyltpeurtis folylrafeziiu 
are probably native to the turkey, 
large turkey louse is the most common. 
Rearing turkeys in close confinement an 
unsanitary quarters favors Uce more t a 
does range rearing. It is important that 
breeding males and females be 
frequently for lice since parasites may 
very important cause of infertility. A co 
mon method of introducing lice to ^ 
fested ranch is the use of infested mipp« S 
crates that have been brought on the 
by buyers. Growers should insist that oy 


-rs'r=?=:"3S 

yards *''' 

sources oi econoiuic im- 

Ticks, Th' “ ..blue hug." 

porunce » the 7 . ^^u,.,osi 5 . a disease 
Argus has been diagnosed 

iransmstted by Hoffman et ui- 

i" “S bV Burroughs (1947) 

(1946) in see the sec- 

in chickens. For tu ,„jbeys. page 1306 
tion on SP ‘'“''“^‘“',1 £o„! to be purchased 

'• ■' t^e prlseme of tee para- 

be inspected for the p ^ j 

sites. Birds should 


gBEREN® ^ ,s„..i.» 

Il„™„8b.,A. L.1 1947. Foul .piiodic.-* m luHc). 0 

TeSas. Science 105:577. , . , . cu 1916. Spu™i“““ 

Heilman, H. A., Jackwn, T. W, and Ru^- ^ 
repon). Jam. A». Vet. Med. A»n, lOS-Sau 
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Absetu oi foot pads, tutkey. 1S4S 
Abscesses, 1156 


AcaninocephaUds, 100(^'1002 
AcusiiidM, 979, 983 

Adrenal glands, 47, 48 
Aedes soflicitans, 937 
Aegypilanella infections, 1132, 
1133 

Age, genetia, 93 

Agglutination tests for ornichosts, 
737, 738 

Air-sac tnite, 916, 947 
Air sacs, 29-31 

Alimentary tract nematodes, 974 
Amebas 

other species, 1147 
parasitic, 1146, 1147 
Amidostomum anseris, 984, 985 
Amino acid content in feedstuifs, 
150, 151 

Amino acids, 144, 149 
dispensable, 149 
essential to chicken, 150, 151 
^ential to turkey, 150, 151 
feather achroma. 150, 152 
funaions. 150, 152 
Kbcine. 154 
methionine, 152 
requirements, 149 
sullui, 109 

Amoelxitaenia cuneata, 1011, 1012 
Anatomy 

sdrcnal glands. 47. 48 
accessory reproductue organs. 

male. 42 
atteries. 19-21 


autonomic oerfous»)St^-^ 

central nervous system. 23, 2A 

cloaca. 36 
cloaal bursa. 40 
,,»n.al nerves a 


24- 


cloaca. 36 

cloaal bursa, 40 23 

endocrine system, 

^eiory system. 40-42 

feather , 

musculature, 6 

tracts and spaces, 
types. V6 

heart, 14 ,.rurtui«, 6- ‘ 

integumentary 35. 36 

intestine a^^J, 

l,s-erand l«na « 

lungs and 22. 23 

Vvn)phal«:'«^',^18 
^„icularsy^-^7‘“ 
nervous system. 28.29 
nose.phant**-!”*’ 

pinal 45-47 

pituitary 17 . 

Pituharyhoru^ 42-44 

P^todu^ves^g.,, 

reTpiraiorysy"""' 


sensory receptors, 26, 27 

Ikcleul system, 7,8,9 
head, 12. 1* „ 

;S”‘S,Ac..« 

SSIs- 

digcsiiof- <s 

foreign. ?‘.jj 7 St, 735 
ornithosis. ,mkey, 1548 

nSi'"*’ 
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Arizona group, reaction* on 
media. 294 
Arizona infections 
cilrobaccer group. 308 
diagnosi*. 312. 313 
etioiogy, SOG 

host distribution. 309, 310 
lesions, 312 

modes o{ transmission, 311 
organisms 

antigenic structure, SOS. 300 
descnption. 30? 
differentiation, 303 
fermentation characteristics. 
307 

pathogenicity, 309. 3J0 
pretention and control, 314 
symptoms, 312 
treatment, 313, 314 
turkey, 1302 

Arwnilic acid, blood in. US 
Aiaeiuc. blood in, 115 
Arteries. 19-21 
Arthritis. 47$. 476 
Arthropods, eenetia, SO 
Ascaridia galTi, 983 
genetics, 86 
pathology. 966, 987 
Ascarfdia iineata, genetics SS 
Ascarididae, 983 
Asutes, U56 
turkey, 1344 
Ascorbic acid. 214 
Aspergillosis, 494 
diagnosis, 499 
egg-borne, 497 
etiology, 494, 499 
lesions, 49S 
occurrence, 494 

prophylaxis and tieatment, 56I 
symptoms, 499 
turkey, 1264, 1265 
Aspergillus fumigatui. 494, 497 
Aspergillus glaucus, 490 
pigeons, 499 
Ataxia, manganese. 165 
Atian enceplialomyelitii 
diagnosis, 781 
embryos, 774 
epirootiology, 774 775 

etiology, 772 

hislo^ and distnbulion, 771, 

immunology. 780. 781 
natural transmission, 775 
pathogenesis. 773 
pathology, 778, 779 
pretention and control, 781. 
7S2 

symptomatology. 775, 777 

Avian leukosis complex, 510 
See also Leukosis 
geneiia and nutrition, 85 
Avian leukosis tumors. 568 See 
alia Electron microscope 
studios 


Avian monocytOMs, 87. 319, 844 
See also Bluecomb disease 
chemical pathology, 852 
differential diagnost^ 852 
etiology. 852 
hematology, 850 
occurrence, 845 
pathology. &46 
blood, KiO 
intestine 849 
kidneys. 850 
lirer, 847 
ovary. 850 
serous iiiiEaces, 849 
spleen, &19 
skeletal muscles. 847 
sympiomalDlogy. 816 
synonyms. 844 

treatment and control, 8S(, 
855.856 

Avian mycoplasmosis. HI. See 
eho Myiopiasua gallisepii 
cum 

air sacs, miaoscopic paiholoey, 
416,417 

course and mortality. 415 
diagnosis. 416. 417 
distribution, 411 
egg transmission. 420. 421 
euology, 4U 
111 test. 419, 420 
immunity. 418 
meubatiota period. 415 
yomi involvement. 413 
nasal passages, 416 
pathology. 415. 416 
prevention and control. 420 
serolo^ol piocedute*. 418. 419 

susceptible hosts, 415 
uansmission, 415 
treatment, 418 
tube agglutination test. 419 
Atian vibnonic hepatitis. 441 
diagnosis, 445 
distribution. 441 
etiology. 443 
hosts, 443 
pathology, 444 
prevemion and control, 446 
signs and mostaUty, 444 
bansmissioi), 444 
treatment, 446 


B 

B blood group locus, 83 
Baamal diseases of turkeys. 1270 
Bactenum aitbropyogenes, 475 
Beak neaosis. 1175 
"Bedbugs" and allied insects, 931 
coflirol, 933 
Bedsoniae 

antigenic strucnite, 689, 690 
biochemiury of growth. 685 
ducks and gull*. 708 


effect oE antimicrobial drugs, 

687 

growth cycle, 684 
grvinh and moiphology, 683, 
684 

identification, 732 
inactivation, 686 
jnicciiviiy. neutraliiation, 735 
latency in natural infections, 

688 

lethal properties. 688, 689 
nutritional requirements. 685, 
686 

pathogenesis, 687, 688 
serologic dilferenciation, 733 
virulence, 693 
Beetle 

adult and larvae, 936 
lanae, control, 936. 937 
Beta propiolactone (BPL). 136 
Rcthesda-Balleiup group, 366 
BiJJiatzieJJa poJonio, JD31 
Biotin 
deficiency 
pathology, 209 
symptoms, 209 
nature, 208 
requirementi, 209 
creauoene, 209 

Blackhead. 1096-1107, 1323. See 
also Diterohepaijtis of tur* 

Biack Zeaf 40 
nematodes of poultry, 998 
Blood 

androgens, 103 
antigens, 104 
arsanilic acid, 115 


arsenic, 115 

avian encephalomyehiis. 115 
in avian monocytosis, turkey, 
113 

B complex, 104 
bacterial diseases. 113 
basophils, 103 
bedsoniae in. 731, 735 
bone marrow, 110 
bum of Fabricius, 111, 112 
capiUaria columbae, 114 
cells 

adult bird, 110 
counting. Iffl 
description, 101 
doeiopnienf, 109 
origin, 107, 109 
relation to tissues, 110 
stained, 103 
staining reactions. 101 
transformation, 110 
diet, hemoglobin. 104 
in disease. 112-16 
embryo, 109 
eosinophils, 105 
erythroblastosis, 542. 543 
erythrocytes, 101. 103, 104 
fixed histiocytes. 111 
fowl cholera, 113 
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fowl pox, 115 
fowl typhoid, 113 
gout, 115 

granulocytes in bone marrow. 

110 

grouping, genetics, 85 
hematocrit, 104 
hemoglobin, 101 
hemolytic anemia, 112 
hemorrhagic disease, 115 
Hcterakis gallinae, 114 
heterophilic leucocytosis, 113 
heterophils, 104, 105 
Hislomonas meleagridis, 114 
hormonal influence, 103 
in inbred lines, 103 
infectious synovitis, 114 
laryngotracheitis, 114 
leucocytes 

differential counts, 102 
in fat digestion. 106 
method of counting. 101. 102 
morphology, 102 
total counts, 106, 107 
leukopenia, 113 
in leukosis, 525 
lymphocytes, 105. 106 
origin. 109,110 _ 

May-Grunwald stain, 101 
monocytes, 106 
in inflammation, 106 
mjeloblast, 110 
myeloblastosis, 545 
neoplastic disease. 115 
neptiroblastoma, 542 
Newcastle disease, 114 
in osieopettosis, 541 
paratyphoid, 113 
Plasmodium gallinaceum, 115 
poikilocytosis, 112, 113 
regeneiation, 112 
reiiculo endothelium. 111 
reticulo-endoibelium metabo- 
lism, III 

riboflavin defldency, 115 
Salmonella, 113 
samples, IIGO 
seasonal effect, 103, 101 
seasonal variations, 103 
sex. 103 

differences in, 103 
in spirochetosis, 114 
splenic hematopoiesis. 109 
sulfaquinoxaline, 115 
tenamycin, 115 
thrombocyte counts, 102, 107 
tlirombocytes, 107 
thymus. 111, 112 
thyroidectomy, 103 
Tnchostrongylus perKracilis, 114 
in tuberculosis, 113, 392 
tumors of blood channels. S75 
visceral lymphomatosis. 536 
vitamin K. 115 
Wright’s blood slain, 101 
ffhuback and cannibalism, tur- 
key. 1344, 1515 


Blueeomb disease in turkey. 857, 
1319. See abo Avian monocy- 
tosis 

differential diagnosis. 8o9 
economic importance, 657 
etiology, 857 
hematology, K9 
occurrence, 857 
pathology. 858 
symptomatology. 8 j 8 
treatment and control. 8 j 9 
Body temperature, gencii«3, 9- 

development, vitamin A, u» 
formation, manganese require- 
ments, 166 

magnesium. 162 
martovv, leukoris, 533 
osteopetrosis. 537 
BoTielia anseiina. 447 
Botulism 
diagnosis, 459 
gross pathology. 458 

tuskey. 1270 
western duck 
Brachylaeraidae, 10t7 
Brain, 23 . j.. 

Breast blisiers. 

Bteeding hens, proie*" 
menu, 147 . 

Broilen. requirenitnl. 15! 

Brucellosis 
diagnosis. 450 
hbtory.427 
occurrence, 427 
pathology. 430 
spread. 450 

;!S&nV«n.,on.4!l 
Bumbieloot. 1186 
Bursa of Fabliaus 
genetics in, 92 

immunity. 112 
19 noriestosterone. l*« 


Calcium . ^ 

eggshell fonoauon. 161 
Slubolism geneUf-W 

1128 

‘Tn''i“SS:S7.lM8.1S!9 
life hutory. 9/0 
CapilUtia 

Capillaiiaobs^w 

pathology. 991 
file butory. 990 


Carbohvdrates 

chemical determination, 155 
diccsuon of. 62, 73, 154, 155 
nature of, 154 
Carbolic acid, 151 
Castaneda stain, 728 
Ceca, 35, 33 
anomaly of. 1179 
digestion, 67, 63 
Cellulose, 155 
CEl O virus. 619 
Ceritophillus gallinae, 93a 
Cer.iDphyll<.sniger,935 
Cereals and by-products, 155, 156 
Ccstodes of poultry 

Aniofbotacnia cuneaU. toil, 
1012 

Ccstnda, 1000 

Clioanoiaenia infundibulum. 

1012. 1015 
eUssificaiion, 1011 
control. 1029. 1030 
Davamca mcleagtidw, wlS 
Davainea proglettma, 1014, 
1015 

Davameidac, 1013, 1014 

description, lOH 
development. 1003 

diagnosis. 1028, 1029 
diet, 1028 

!!>S!S 

lI>,nS.pi. c>ioc>. 1022. >02J 

Hymcnolepis compresM. 10.4. 
IIym°nolepii eoronula. 1024. 
Hyme'lmlepii iuirovctsa. 1026. 

Hymendepis lanceolata, 1026. 

Hjmenohpis megalop*. 

'o.5.'.o;o 

R:rai=d«. „ 

1016.1017 

Raillicrina gcorgiensn. 1C-»- 

RiilSan, 
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Cestodes (continued) 

RaillieliM teuagona, 1017, 
1018 

Raillieiina williamsi, 1019, 1021 
species differentiation key, 1009 
starvation. 1031, 1032 
symptorDS, 1028 
treatment, 1031, 1032 
turkeys, 1361 

Cheiloipiruia hamulosa, 983. 984 
Chemotherapy for ornithosis, 733, 
740, 741 
Chicken 
lice. 928 

ornithosis, 715, 716 
clinial disease, 719 
epidemiology, 742, 743 
Chiggers (Trombicula allreddu- 
psi), 945, 946 

ChtlomastriK, gallinaruBi, 114I, 
1142 

Chlordane, 139 
Chloriitated Ittse, 133 
Choanotaenia infundibulum, 
1012, 1018 

Choline, m, 212-13 
Chondrodyttroph)’, manganese, 
167 

Chronic respiratory disease s^tiet' 
ie», 90, 411 

Cimex leciulailus, 931, 932 
Circulatory system 
diseases of, 1190 
endocatdiiii, 1197 
hemoTTliagic syndrome, 1191- 
97 

round heart disease, 1190 
trematodes, 1051, 1032 
Citrobacter, 234 
group, 307 

Cliivi and spun inmtnine of, 
1157 * 

Climaie and genetics 85 
Cloaca, 36 
Cloaca] bursa, 40 
Clostndium botulinura, 456 
Clostridium leiani, 439 
Clostridium welrhji in digestion. 

Cobalamm See Vitamin Bu 
chicken 

age factor, 1072 
coccidia developmental stages 
1067 

coccidia life cycle, 1057, 
1058, 1059, lOGO 
coccidia. mature oocyst, 1057 
coccidia. periodicity, 1060 
coccidia- specihc charactens 
tics, )06( 

coccidia taitonotnic relation- 
ship. 1057 
deep htiej- in. 1074 
egg prodution, effect on, 1072 
Eimetia acerulina, 1070 
Elmeria brunelli, 1069 
Eimeria hagani, 1070 


Eimetia mauma. 1069, 1070 
Etmerfa taitis, 1070 
Eimcria mivati, 1070 
Eimcna necattix, 1068, 1069 
Eiroeria piaecox, 1070 
etiology, 1060 
hUiopathology, 1071, 1072 
liost-spcaGcily. 1063. 1061 
immunization in, 1076. 1078 
pathogenicity, 1065. 1066 
physiological effect*. 1073 
prevention, 1073, 1074 
seasonal incidence, 1072 
species, tocation is intatina, 
1068 

specific pathological peculiari- 
ties. 1066. 1067 
sultonamides in, 10*5. 1076 
transmission. 1062, 1063 
ireaimeiii. 1074-78 
Wcnjonclla galtmae, 1070. 

duds. 1095-96 
Eioscria anatis. 109$ 
goose, 1093. 1091 
Eimcna paivula. 1094 
turkey, 1083-92. 1329. See else 
Turley coccidiosis 
vitamin A, 186. 187 
Cochlosoma anaiis, IM3 
Cod liver oil. vitamin D. 192 
Colibacillus, 4*9 
Coli granuloma, 476-78 
Collyiiclum laba, 1038 
Columbieola cotunibae. 933 
Comb and vvaiilej, amputation 
of, 1157 

Complement fixation test. omi> 
thesis, 732 

Congenital abnoimalitio 
cetclicllarhypoplasia. 1203 
coloboma of the iris. 1207 
congenital alopecia. |2(Q 
congenital loco. 1205 
congenital opisthotonus, 1305 
crooked toes. 1206 
scoliosis, 1206 

r^uiremenls, 169 
tolerance, 169 
Copper sulfate. 136, 137 
txssAttA tA tnnffla, ItfU 
Cotynebaaerium petdicum. 481. 
487-89 

Cotyluius Oabellifomiu, 1016 
Ctesols, 131 

Crooked keds, geneUca tn, 82 
Crop 

digestion in. 66 
impaaion, 1157 
nematodes ot, 974-79 
Cross-immunity tests, ornithosis 
732 

Crude 6ber, 155 
Crude oils, 158 
Cryptosporidium, 1071 
at tatkey, 1088 
Ctenocephalides feUs, 935 


Cuclotooaster hetcrographus, 950 
Cuhx pipiesss, 937 
CuIicDidcs ip.. 941 
Curled-toe paralysis, riboflavin 
defideiicy. 2W 

Cystine synthesis, genetics. 82, 83 
Cyiodites nudus, 047. 946 


D 


Davainca mcleagridu, 1015 
Davainca proglotiina, 1014, 1015 
DDT, 138 
Dcheaking. 1159 
Dchydraiion. 1171 
Depluming mite, 917 
Dennanytsui galUnae, 912. 943. 
9(4 

Demiatomycosit. 502 
Demicste* lardariui. 9S6 
Diet 

hemoglobin, 104 
utilization, genetics in, 83 
Dietary disease* of turkey, 1259. 
1262 

Dietary and meialjolJc sariaUPW. 

genetics in, 62. 83 
Digvsiibiliiy of rcfetence sub* 
tunccs, 69 
DiRCSiion, 00-74 
absorption, 68, 69 
antibioUa in, 74 
carlioliydrain. 62, 73, IS4, >55 
in cccai, 67. 68 
in closindiuni wclchd. 74 
in crop. 66 

digestible crude fiber, 70 
cffieicncy in birds, 73 
energy values, 72 
cntymaiic machinery, 62 
enzymes. 61. 65 
rat,C4, 15C 
food passage time, 69 
in gizzard, 66. 67 
in gossypol, 74 
inhibitory effects. 71. 72 
in large tnCcstine, 63 
raicroilora. 74 
minerals, 75 
mouth. 65-66 
nutritional avpccu. 69 , 70 
oils. 71 

pH of digestive tract. 6$ 
protein, 63, 64 
proteins, 145 
in proventriculus, 66 
in small iiitcslnie, 67 
Digestion and absorption, organs 
of, C5-G8 

Digestive disturbances 
beak neaosis, 1174 
curled tongue, 1175, 1176 
impaaion, 1177 
intussusception, 1179 
proventricular hypertrophy, 

1177 

stomatitis. 1174 
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string caling, 1174 
tnumMic \entriculius, U/9 
typhlitis, lt79 
DigaiUc cni)Tnes, G1 
Digestive s)Vcro. Sl-37. 74 

trcmaicxlci. ion. 1012 

Digestitc tract, rajeosis of, 501 
Dilcpl(lida«, 1011 

Direct complement fixation test 
for omaliosi*. 7 53 
Disease outbrcal.1, handling, 1S5H 
41 

Disease pretention, 120—11 
adequate nutrition, 121 
body soundness. 121 
control of transmissible dis- 
eases, 121. 122 
disinfecianis, ISl 
disinfection and disinfestation. 
127-30 

disposal pit, 140 
entironment, 121 
feeders. 12fi. 127 

feeds and feeding methods. 
125-27 

houses and yards. 121. 125. 12d 
mechanical caitien. 122. 123 
natural carriers, 121 
rentdies, ISO 
laniuilon. 124 
suriedchicU, 122 
tutkey-chicken relationship. 122 
water supply, 125, 120. 127 
wire plaifonni. 129 
Disinfectants, 1S1-S8 
beta-propiolactone (BFL), ISO 

arbollc add, 131 
chlorinated lime, 132 
copper sulfate, 136, 137 
nesols. ISl 
dry heat, 137, 138 
ethylene oxide, 135, 136 
fonualdehyde, 132-35 
hot water, 137 
hypochlorites, 131, 132 
1)6. 132 

mercuric chloride, 137 
phenol, 131 
pine oil, ISl 

quartemary ammonium com- 
pounds, 137 
quicklime. 132 

steam formaldehyde, 135, 136 
lunliRht and ultraviolet light, 
137 

Disinfection and disinfestation, 
127-31 

Disinfestants, 138-59 
chlordane, 159 
crude oils, 138 
DDT. 138 
malathion, 138 
nicotine sulfate, 138 
sodium floride, 138 
Dl-alanine, 154 
Dolomite. 162, 163 
Doves, Trichomonas infection, 
1140 


Dry heal, 137. 138 
Duck 

anthrax. 432 
bone dciclopmcnt. 


186 

botulism, 433 
toctidiosis. 1095-*J® 
dystrophy. 199 
erysipelas, 464 

.... 

!».-.»• ..5- 

pla$mo.U«in infctiions. n*J 
protein requirancnts. 1 13. i 
Salmonella. 274, 1^5 
tarcospondioris, 503 
virus, nature. 811 
virus Utpatitis. 838 
diagnosis. 842 

etiology. 810 

host spwifioiy*®*® 
irorounity, 842 

lesioiis. gross. 8W . 

lesions, microscopic. 0iu 
occurrence. 858 
prercimon and control. 842 
signs, 853 

liansini'sion, on ,jy. 

vitamin A defiucncy. bone. 186 

viuroin rcquircmcno. 182 


Echinopary^tu™ foi 

ErtiSn.- 

Echinostomaiidac. 
EJVoparasiiesofpoultn.SSS 

tuck flies. 959 

classification, 9l» 

Cuhcoidc* (miog ^ g47 


nc.i5 OIS. 934. 935. 956 

nirsu’dgua's.SSS 

(oul puK. mosquito vectors. 938 

ffcmptcra. ‘>31. 932 
Knenuil'.copics mutans, 9!t>. 

1 jin?'!uioptes cysticola, 918, 949 
lx«bOcyt07..on, Simuhum vec- 
(01.910 

IpuVobis in. 556 

chicken, 928 
control of, 931 
duck am! goose, 929 
guinea foul. 929 
pigeon. 929 
w.kcy, 929 . 

MacTOilaci)los, subspmosus. 937 
\(r.-n:ni callmulac, 9al 
Menacanihus siramineiis, 929, 

Mc»op“m |?..b“. 

rarricr. 931 , 

mites, 941 See also Mit« of 
poultry 

mosquitoes, 95^"**, 

Musca domcsiica,941 
roiiasis, 911 .. 

Orchopeas howardii. 935 

simuliids. 988' 
stable fly. 941 

Tenebno molitor, 956 

Tnatoma sangmsuga. 932, 938 
in turkey, 1363 

ire." •"<. “Pf"' 

pJS.or.nd •.■bib.y S" 

netics, 86 

retention, 1202 _ 

Egg.bome aspergillosis. 497 

^’^e^iingof. 1105 

fumigation. 
hiding of, 110a 
infectious bronchitis. 6U/ 

pulIoTum disease, 241 
EgS*bril . 

magnesium, 162 

manganese, 10/ 

Eimeria .. 

acervulina. 80, 1070 
adenoeides, 1090 

anatis, 1095 

diaracteristics, 

dispe’isa, 10*^1 ’g|°io90 

callopavonis. 1089, lus-v- 

hagani. 1070 

S'eSlsS;... .«»=■.» 

Biitis. 1070 
mivati. 1070 
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Eimeria (continued) 
necatrix, 1068, 1069 
pan-ula. 1094 

praecox, ]0"0 
5ubrotunija, 1090 
tenella, 1069 
truncata. 1094 
Electron microscope studies 
er) ihroblasiosis. 577-83 
ersthrobUsiosis-raselobUscosis. 

585-S7 

granuloblastosls, 572-77 
leukosis virus, properties of, 
697-99 
liver, 596 

l)iBphomatosis, 587-90 
m>eloblastQsi5, 572-77 
nephroblastoaia, 591-93 
nonneopUstic cells and tissues, 
593 

pancreas, 594-96 
reticular celts and macrophages, 
5M, 597 

Rous sarcoma, 568-71 
ibiroui gland, 593-94 
viral agents. 569 
viruses, conclusions, 599, 600 
Emphvsemla. subcutaneous, 1167 
EncepnaloiuaUcU, chiclJ, 196, 
197 

Endocrine t}Uem, 44-51 
Endolimax, gicgarimformis, 1146, 

Endoiheliorna, 655 
in leukosis, 533 
Energy, 157. 168 
Entamoeba galhnarum, 1146 
Enteritis 

hemorrhagic, turkey, 1347 
nonsjJcciOc, turkey, 1346 

Ucierafis gallmariim. 1099, 
lioa, ilOI 

llistomcinas meleaeridis, 1096, 
1037 

cultivation 1104,1105 
immunity 

iclive acquired, 1106 
addiiional observations, 1106 
110? 

natural, 1105, 1106 
passive 1100 
transmission, 1093 
arthropod carriage, 1103 
cliicken rebiionshtp, J102 
direct, 1103 

direct infection, 1098, 1099 
other factors. 1103 
other gallinaceous birds, 1104 
relation to Ileierakii galli- 
narum, 1099, 1100. 1101 
relation to life history, 1098 
treatment, HOT 

Environment, genetic effecu, 85. 
86 

Entyme secretion, control of, 65 
Epidemic tremor, 771 


Epidennoptes bilobatus, 949. 950 
Equine encephalomyelitis 
Menacanchns ttiamineiis, vec- 
tor, 931 

diagnosb. 786 
etiology, 784 
prevenlioii, 786 
symptoms, 785 
transanission. 7^ 

Erysipelas. 461 
antiserum, 466 
diagnosis. 464 
duels. 464 
epidemiology, 464 
etiology. 4(S 
immunization, 465 
pathogenesu, 164 
symptoms arid pathology, 463 
therapy, 465 
luik<7, 1271 

Erysipeloihrix insidiosa, 461. See 
also Eiysipelar 

EnihrobUsiosis, 513. 514, S42. 
577-45 

didereniial diamosis, 544 
hematology. 543 
and myelooUstosis. 545-87 
occurrence, 542 
pathology, 542 
symptomatology. 542 
tynonyms, 542 

Escherichia <oU, 479. See aUo Co- 
libacitlosis 
conjugation in, 80 
Esclienchia venetuelensis, 475. 

See also Arihnlis 
Esophagus. 33 
Ethylene oxide, 135. 1)6 
Evolutionary anatomical develop- 
ment, 1 

Excretory system, 40-42 
Exudative diathesis in cliidts, )S9 
Eye 

ocular lyiophomaiosis, 527 
tirmatodcs oU 1038. 1039 

F 

Falculifrr lostratus, 950. 951 
Fats 

antioxidants, 157 
digestion of, M, 65, 156 
blood, leucDocex, 106 
role in nutrition. 156, 157 
Favus 

diagTiosis, 503 
eliology. 502 
occurrence. 502 

prophylaxis and treatment. 503 
sympicHDs and lesions, 502, 505 
turkey, 1266 
Feather 
musculature, 6 
types. 3-6 

pigmenuilon, viUmin Defi- 
ciency, 193 


Feather achroma, amino acids, 
150, 152 
Feathering 

protein level, 153 
race, genetics, S3 
Feeders. 12S, 127 . 141 
Feeding practices, genetics, 82, 83 
Feeds and feeding methods, 

125-27 

Feedstuifs 

composition, 172, 173 
energy content, 172 
essential amino acids, 151 
minerals m, 159 

Fimbriaria fasdolaris, 1026 , 1028 
Fleas. 933. 934 
control of, 935. 956 
Flight control, 1158 
Flukes, loss. See also Trematodes 
Fluorescent antibody technique, 
729 

Fluorine, 170, 171 

a bate rock, 171 
ements, 171 
FoUcin. See Folic acid 
Folic acid. 209 
deficiency 
pathology. 310 
symptoms, 210 
interrelations, 211 
nature, 210 
occurrence, 210 
requirements, 210 
treatment, 211 
Foot and mouth disease 
in fowl. 834 
susceptibility, 835 
virus 

dissemination by man, 835 
identification of. 836 
serological tests, 836 
strains, 835, 836 
tissue cultures. 8S5 
Foreign bodies, 1156 
Formaldehyde. 152. 155 
steam, 136, 137 
Fowl cholera 
biologicals in. 363 
blood in, 113 
earner slate, 3G3 
diagnosis, 367 
etiology, 360 
history, 359 
hosts, 363 

immunity, S67. 368 
incidence. 359 
lesions, 366 
liver, 567 

localized infection. 365 
natural infection, 3&4 
Pasieurella multodda. 360, 361 
classification, 361 
colonial variants, 362 
pathogenicity, 364 
tenacity. 362 

prevention and control. 570 
sources of infection, 365 
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susceptibility, S62 

symptoms, course of disease, 364 

treatment, 368, 369 

turkey, 3G8. 1276 _ ^ 

Fowl leukosis, 513. See also Leu- 
kosis , , 

Fowl paralysis, 513. See also Leu- 
kosis 

Fowl pest, 813 
Fowl plague 

control and eradication, 821 
diagnosis, 818 
differencial diagnosis, 819 
epizootiology, 820 
etiology, 813 
history, 813 
immunization, 821 
pathology, 815-18 
prognosis, 820 
symptoms. 814 

chicken embryo propagation, 

816 

cytopachogenic effect on cells, 
816 

distribution of, 815 
infectivity, 815 
nature of, 815, 816 
Fowl pox 

avian embryo cultures, 797 
798, 799 

chicken embryos, 798, 799 
duck embryos, 798, 799, 800 
blood in, 115 
canary pox, 783, 790 
"carrien'’ riiickens, 803 
chorio-allantoic membrane, 
histologic changes, 793, 794 
cultivation of avian pox viruses, 
796, 797, 798, 799 
diagnosis, 795, 796 
elementary bodies, 794 
epithelial changes, 792 
epizootology, 802. 803, 804 
etiology, 788 
history, 789. 790 
immunity. 807, 803, 809 
inclusion bodies 
Bollinger. 794, 796 
nature of. 794,795 
ittucturc of, 794, 795, 796 
insect transmission, 804_ 
kikuth's canary pox virus. 790, 
794, 795. 800, 809 
mosquito transmission, 804, 938 
pathologic changes, 791, 792, 
793 

prevention and control, 804-9 
species susceptibility, 789 
tissue changes, 791 
turkey, 1279 
vaccination, 805-9 
age, 805, 806, 803 
canaries. 809 

■'leather follicle" method, 806 
methods of, 806, 807 
spray technique, 803 


"stick.” method, 606, 807, 809 
"takes." 807, 808 
vacanes, 805 

canary pox. 788. 790. 791, S)l. 
80® . 

effccu of antibiotics on. IW- 
effccts of physic* 

seal a^ius, 800. 801 
ezz propagated, 797 
fowl pox, 788, 789 

jnydn in, 797 

wdd birds. 789, 791. 805 

FoT.,pl.o.d. M. -K” 

Salmonella gallinarura 

blood changes, 342 
blood in, 115 
breeding and diet, s-io 
catrim. 

control roeihock, 344, 545 
depopulation, 354 
differential diagnosis. 332 

eradication, 552 

eiiology.W* 

hi$iory..S29 

imrouniiation. 545. 546 

pSogy’sio-^'* 

sanitation. 547 
species. »u$^t‘We. 359 
i^pioms.340.341 

turkey. 12^ 

Fractures, llw 

Frc>anachan^«.95‘ 

Frost bite. 1156 

Fumigation 

Fonp. 494 1264 

Furarolid^-295.296 

C 

i, 

antiblotio im 7» 

bacteria. 86. « 
blood grouptng- M 


bluecornb disease. S7 
body leroperaiare, 92 
breast blisters. 81, 85 
bursa of Tabncius 02 

calcium metabolism, 85 

chromosomal abcirations, 81 
chronic respiratory disease, JU 

climate, 85 

conjugation of E coli m, bU 
crooked keels. 82 
csstme synthesis, 82,83 
detecting resistance, 90 
dietary and metabolic variation 
in. 82, 83 

fgff producuon and viabiluy. 86 
Eimena acervulma. 86 
environmental effects, sj, Bo 
exposure to agents. 90 
feathering raie.So 
foreign antigens. 8i 
giaft-against-host reaction, 81 
helminths, 86 _ 

hctcioparasitie imaUert, resist 

ance to, 86 
heterosis, 91 

KSs-.i-g-"”".''* 

immomty. kind*. 85. 90 

immunoBCnetia. 85 

modes of resistance. 91 
Newcastle disease viru»J7 

In nuintioMl defieienoea, . 

p.„Sicio.=«n. 

p„hSosial 

phenodevianu. 81.82 

ESS'IEm-oI-I 

^ 82. 83 . 

picking bchaMOf. 84 

;SoIl.w» ui.liau~.82 
ricl.eiuw8. 80 

s“tao':cllj.p;“»™Sj'8sf89 

sex, 92 . a, 

79 

variation. 

„ cc 67 
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Cunj^Jonraj inglmitob. 9*8 
Con (ofoif*. 951 
CoiuckIm. 952 
0<'me 

cotctJiosu. 1095. 1091 
iiifluctiia. 409 
d>3StW.. 471 
ctioIo5).-tC9 

pillioscniiil^'. 470 
pilholrgy. 470 


on. 471 
, ..J.470 

.licripj, 471 




5i», 7a'., 721. 722.748 
tcijnun459 

ili^t-slion in, 74 

lilooJ in. 115 

mirt.geiiout contentiate^ 151 
Ci2iiulo)iU<tcsit. 572-'77 
Crovtinj cIiilLi 

minimum calcium tenuirenent, 

IW 


Cluinca toisl. Uu.929 

11 

lljcmoproicut 
cotiimbac, 1122 
1 \ncliia hinuia tcdor, 959 
tlaniU«tl.i 1123 
{nfrctioni, ii3i-28 
(.ulitnuln in, sector, 1121 
hcnu. 1121, 1122 
i.iiuliia hiiiuia lector, 1121 
ricuilol>i)Uiia ranatieniii, n 
trtracdiaie liott, 112.’ 
Siillxuiiriuj.a mipir^ia <«ui 
1121 

iieaimcni 1I21 


ilcinonhagic s>ndtomc. 1191-97 
\iiamin K deficient. 201 
Hercdiif. 77-94. Ste aho Genetics 
llcitrat.idae.983 
llcterakii iiminporia, 9S9 
Hcicral-ts galUnanim. 1099. 1100, 
1101 

lilootl in. 114 

rainei of Ilistnmonas, 989 
life tiistory. 938 
paiholn^. 988, 989 
lleicraVU tsolon^e, 989 
lletciopluls, 101. 103 
IkccioMS. 91.92 
lltxamita infeciian. 1147. 1144 
lltxamiuaiis. tuiLcy, 1332, 1335, 
1334. 1533. 135G 
llistoroonas 
l^etics. SC 

ilctciaVia gallinanuD, earner, 
939 

mrlrastiKlis. M4. lOOC. 1097 
llistnmoiiUtis. tutkep. 1323 
Hi^se's disiasc Sre aha Co}}- 
panuinma 

Ilotmones. leukosis. 549 


llcjl 

t»lkr>. IMO 
fot< 




llnniiolcsY. lOQ Scml.o 
Heme. IGS 
Hemipirta OSl. 952 
iiemo^toUn 164 

Hfnio;;lobin leiel an.l ers pro- 
duction. 109 

llrniopljiJiu CalJinarum 40 ', j 
Stt alto Inlntiom corvij 
projuption. 407 
Ifioi^pcs. 407 
main iiruirncr. 404 
Hcinutlhjric disease, blood m 
115 


Hot b 


iVW 


r. 137 


Hotise flies .is intcrmediair host 
of lapeivorms, 1031 
Housing. 128 

lt>n>eiK>lcpididae, 1022 

Hsmcnolcpis camanUna, 1023. 
I02t 

MimenoUpis eaiioa. 1032, 1023 
fliiDcnolenis eomnressa. 1024. 

1025 

H>inenolcpIs coionula. i024. 1025 
lltmenolepu introiena. J02d, 

1029 

Htini.i>nl(pb lanceolau. 1026, 

102? 

iHmenoIrpu mtgalops. 102C 

1027 

H>oicnolcpis teniiiiosttis, 1024 
tivmmolrpis ititcaiiculau, 1026 

1028 

Il'pcKhlocitcs. ISI. 132 
Hspoderaeunr conoidma, I042 
10t3 

I 

ImlniiniiT 

tin.fi geneiit.9J;9II 
(nrosrerone. >12 
Immunogcnetics. 83 
fninoj lines, gcneiie sariabilit}. 

Incubators, rumigaiicia. 135-35, 

Infrrtious btondiitu 
antibod^r deiecuon. CJ5 
dupiosu, 610 

direct complement fiudcm test. 
613. 614 

cc;, 1 mil diitnbution in. 61 3 
etiology, G03 
imRiaiuiT.C09.6IO 


inactivated virus vaccines, 615 
incubation period. C06 
indirect hemagglutination test. 
614 

lesions in embrjo, 610 
misshapen egp, C07 
pathology, 608 
prevention and control, 614 
t)rapioms. 607 
trachea, 608, 609 
transmission. 606 
treatment, 614 
vacane in free flocks, 615 
vaccines, complications, 615 
Virus, propagation in embryo, 
610 

virus eitect on embryo, 610, 611 
virus isolation. 611 

Infectious coryra, 405. See oLso 
Hemophilus gallinarum 
ariificial infection, 408 
diagnosis, 408 
eradication, 409 
inruiiao’cvj period, 403 
patboIOCT, 403 
prevention, 409 
symptoms, 407. 408 
transmission, 408 
treatment, 409 
vaccination, 409 

Itifectioui enierohcpacltis, turkeys, 
1323 

Intectious eoulne anemia in foul, 
834 


coune and mortality, 623, 624 
diamosls, 625. 626 
eii^ogy, 621, 622 
incubation period. 622. 623 
pathology, 623 
prevention and control, 628 
serum ncutraluation test, 628 
susceptible hosts, 622 
lymploms. 623 
transmission, 622, 623 
treatment, 628 
vaccination. 629 

Utcctious nephrosis of broilers. 
856 

Itifcaious sinusitis, turkey. 1285 

Infectious $,vnovitis 
age suKqvlibility. 823 
blood, 114 
changes in. 825 
diagnosis, 827 
etiology, 825, 826 
history, 823 
host specificity, 825 
immunity, 827 

infectious agent, nature of, 825 
lesions, gross, 823 
lesions, microscopic. 824 
morbidity. 823 
mortality. 823 

prevention and control, 828, 
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symptoms, 82S 
transmission, 826, 827 
tmtment 
antibiotics, 828 
chickens, ^3 
turkeys, 829 
in turkeys, 829 

Inhentance, abnormal conditions, 
1205, 1206 
Injuries 

ammonia burns, 1172 
chemical, 1172 
feeder trauma, 1167 
fuel oil bums, 1172 
physical, 1167 

sexing technique, improper, 1168 
tendon rupture. 1168 
thermal, 1166 
turkey, 1350 
Inositol, 2H 

Insecticides against ectoparasites, 
927, 928 

Integumentary structures, 6, 7 
Integumentary system, 1-6 
Intaiinal epithelium turnover 
time. 61 

Intestinal flagellates, 1137 
Intestinal tract, nematodes of, 985 
Intestines, 35, 36 
intussusception, 1179 
Iniradermal tests for ornithosis, 
738 
lodme 

deiiaency, 167, 163 
NAS NRC. 168 
requirements, 168 
Iron, 168 , 169 
Isospoia, turkey, 1088 


Keel bunitis, 1167 
Keratoconjunctivitis, 1172 
.turkey, 1855, 1354 
Kidney diseases, 1198 
avian nephrosis, 1198 
c)sts and agenesia, 1198 
gout, 1199 

Knemidocopics mutans, 916, 947 


^minosioptes cysticola, 948, 949 
J-arge intestine, digestion, 68 
l^ryngotracheiiis. See aUo In- 
fectious laryngotracheitis 
blood in, 114 

baying hens, protein requirement, 

beucocytozoon 
anatis, 1111 
anseris, Ull 
andtewsi. 1115 
infection 

ronirol. 1113, 1114 
ducks, nil 
turkey, IS57 
treatment, 1113 


vectors ocadenule, 1113 
vector S. venustum, 11H 

infections. 1110 

martsom, 1110, 1113 
sabraaesi, 1113 
simondi, 1110 
smitbi, 1111 

Simulium vector 910 

LeSSV."™ 

mors 

BAl strain A. 594 

ectoparasites. 556 
erythroblastosis. 513, 514. iU 
cuology.515 

Unitarian view, 517 
fowl leukMis, 513 
fowl c.a 

genetics, 87, 88, 547, 54 


liver. 596 

Sis. 

93 wn 


epidemiology. 454 
etiology. 452 
myocardial necrosis, 453 
pathology. 453 
svmptoms, 453 

therapy and prophylaxis, 454 
Liver, 37 ,oc 

avian leukosis tumors, 596 
trematodes of, 1049 
Loation etfects, genetics, 85, 86 
Lungs, 29-31 
Lye, 132 

SS'vi tumors 

Lymphatic vessels, 22 2! 

Lymphocy t«. .105- ^06 
K“SomaS, 512. 514. 587-90. 

’ he also Uukosis 
Lynchiabi«uta.939 

M 


nomeoclatme. 519, 5.v 
osieopeirwK^ 


eggshells. 162 
excess, 162 

lequitemenu. 103 j ^{,0 

»%1UrmSion. 

Malathion, 138 
Manganese 


RousMropma.rdat^J' 

rPL-12 ^ 

sanitation m. 555 

sc* hormones. W9 

suick source,^ 

lKiiisinission.552 

viral 597-99 

control of, 931 
dock. 929 

^geon,^ 

w?key,929 

Lime, 152 

Lipoicat^^ sec Lts- 

Ustena monoqWo 

teriosis 

Listeriosis. 45M4 

diagnosis. «3 


.930 


tease, 

*’ . ,.2 

MetWomnt, ^2. g, 

Microflora. 

!isSScr.p.. 

other mites. 9W 
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Mites (continued) 
led. 94S. 944 
scaiy-Ug, 946 
subcutaneous, 948 
tropical feather, 945 
various hosts, in, 952 
Molybdenum, 171, 173 
Monilia albicans. 504 
Monilia krusei, 504 
Moniliasis, 504 
Mosquitoes, 937 
trypanosoma transmission, 1135 
Mouib, digestion in, 65, 66 
Musca domestica, 941 
Muscular dystrophy, vitamin E 
deficiency, 199, 200 
Muscular ststetn, 13-13 
Myccbacterium avjuro, 374, 377. 
See also tuberculosis 


chemistry of badllus, 380, 381 
cultural distinctions, 378. 379 
distm^lshing features, 381 
forms, diRerences. 382 

K O'vlh, 378 
iman beings, 384 
morphology, 377 
pathogenicity 
cattle, 383 
mammals, 383, 534 
other foul, 381. 332 
swine, 884 
turkey, SSI 

aenaitiviiy to antimicrobial 
agents, 380 
atraiii*, 379 
i>pe stability, 379 
tlycoplasma gallisepucum 
cofflphcatlng organisms, 414 
description. 411,412 
termenution, 413, 414 
identification, 418 
propagation on egp. 413 
serotypes, 414 

Mycosis, digcsine tract, 504 5ee 
olio Thrush 

Mycofoxicosis, turkeys, 12C6 
Myeloblastosis, 572 
hematology, 545 
palbology, 544 
synonyms. 544 
\I\clocviomatosis, 516 
bemjiologY. 546 
pathology, 546 
Myiasis, 911 
Sfyoatrophy, 213 


N 


Nematodes, 965 
Acanthocephalids. 1000-2 
Aciianidae. 983 
family diagnosis, 979 
of alimentary tract, 974 
Amidostoraum anserii. 984, 985 
Ascaridia galli, 985, 986 


Ascandidae, 985 
Capiltana aonulaia, 974 
Capillana caudinflata. 991 
Capillaria contorta. 976 
Capillana obsignata, 939 
Cheilospiniia hamulosa, 983, 
984 

cantiol of, 993 
t>t crop, 974 
defioiuve hosts. 968 
development, 967 
Dispharynx nasuia, 979, 9S0 
of eye. 969 

general morphology, 9G6 
of ginard, W3 

Gongyloncma ingluvicola, 978 
Metrrakidae, 9SS 
Heierakis beramporia, 989 
Heieraku gallinanim, 988 
Heieiakis isolonche. 989 
impoitance to poultry, 967 
intenoediate hosts, 968 
intestinal iTaa.985 
key, classification, 965. 966 
loution, 963 
Oncicola canis, tOOl 
OmUhostrongylut quadtiradia- 
tos. 991-92 

Oxyspinira mansonl, 969 
PUgiorhynchus Corraosus, 1001, 
1002 

Polymorphus boschadis. 1002 
prevention, 995 
of respiratory tract, 970 
Seutocymea colini,980 
Spitundae. 981.982 
01 stomach, 979 
jtrongyloides aWum. 994. 995 
Sironnloididae, 994 
Subulura bninipii, 959 
Syngamus cyaihosioma, 974 
Syngamus trachea, 970 
^ngatoidae, 9<0 
■feirametes americana. 982 
TTiclatiidac. 969 
family diagnosis, 969 
irealraent, 996-1000 
Trichostronylidae. 991 
family diagnosis. 984 
Tntbostrongylus tenuis, 992, 
993 

Trichurfdae, 969 
family diagnosis, 974 
XiuLipr,^^hdtA(> .enli\.\mntltK 4g}f 
turkeys, ISGO, I36| 

N'eonyaus colurabae in pi^ns, 

Nconyssus melloi. 951 
Neoplastcc dheases. 663. See also 
Tumors 
blood in, 115 

classifiation in chickens, 864 
inodence, 863 

tumois of conncaive tissue, 854 
Nephroblastoma, 511, 591-93 
‘'•'orre^ cranial and sptn^ 25-25 
Nervous system, 2K27 
autonomic. 26 


central. 23, 24 
Neural lymphomatosis, 520 
hematology, 525 
occurrence, 521 
in other species, 526 
pathology, 522 
symptomatology, 521 
synonyms, 520 
Newcastle disease. 633 
aerosol exposure. 634, 645, 661 

carriers and vectors, 649, 650 
clinical examination, 651 
clinical signs 
in baby chicks, 643 
in growing chickens. 643 
in laying flocks, 643 
diagnosis, 65J. 652, 653 
effect on egg quality and pro- 
duction, 644 
epidemiology, 645 
host range, 646, 647 
immunity tests. 657 
iraporMnec, 654 
infection in man, 635 
modes of spread, 643, 649 
nature ana course. C42 
occurrence, 635, 645 
pathology 
gross, 651, 652 
microsccpic, 652, 65S 
prevention and control, 657, 658 
by sanitary management, 658, 
6Sg 

by vaccination, 659, 660 
seasonal occurrence. 645 
turkey, 1295 

vaccination, methods of, 662 

immunity duration, 660 
inactivated. 060, 662 
living. 660. 661 
virus strains in, 660 

chatatteristits, 535 
chemical inactivation, 642 
complement fixation reaction. 
638 

embryonating eggs, 660 
fluorescent antibody reaction. 
638 

genetics. 87 

hemagglutinaCing activity, 637 
demaegihnhaiicnr.rniiilii'oair 
lest, 656, 657 

hydroxylamine treatment, 638 
inactivation and destruction 
of. 642 

isolation, 653, 654 
lentogenic strains, 640 
morphology, 636 
nature of, 635 
neutralization test. 655, 656 
pathogenicity and variability, 
640 

temperature and moisture 
effect, 642 
tissue cultures. 639 
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toxicity of. C39 
^elogenic and mesogenic 
strains. 610 

Niadn 
deficiency 
pathology, 207 
symptoms, 207 
interrelationship, 207 
nature. 207 
occurrence, 207 
requirements, 207 
treatment, 208 

Nicotinic acid, IS2. See olio 
Niadn 

Nicotine sulfate. 133 
Nitrofurans, 297 
Nitrogcn-frec extract. 155 
Nose, pharynx, trachea, 28, 29 
Notocotylluae, 1017, 1043 
N'otocotylui imbricatui, 1018 
Nutrition, 111. 3 ee also Viiaroins 
arerage composition feedstuiis, 
172 

leukosis, 517 
Nutrient requirements 
oldum and phosphorus, 160 
quaniiuihe for chickens, 118, 

Nutritional deCdeneses, geneila 
in. 81. 82 


Ocubt lymphomatosis 
hematology. 530 
occurrence, 523 
pathology, 528. 529 
symptomatology, 528 
synonyms, 527 
Oidium pullorum na.. 501 
Omphalitis, turkey. 1351 
Onacob canis, 1001 
Oplithorchiidae, 1019 
Orchopcas houardii, 935 
OtniUionyssus bursa, 915 
Omiihonyxsus sylsbrum, 911 
Omithous. 675 
absorption test, 756 
aerosol, pigeons, 700 
agglutination tests, 737. 738 
aniisens.733,731.735_^ 
atypical pneumonia, 679 
bfelsonlae. 677 
antigenic structure, 6S9, Ow 
biochctoulry of groHih, 6S5 
in blood. 731. 735 
effect of amtmiaobial drugs, 
6S7 

in exaeta, 731 
gtoKth cycle. 631 
growth ami morphology. 

631 

rdentlficatioo. 732 
inacUsatlon, CS6 , 
iuietutiiy. neuiralUauea on 


lethal properties. CSS. 639 
low siruicnee, 7W 
pathogenesis, 6S7, 638 
Side agglutination test C-JO 
\itulence, 693, 6So 

Castaneda stain. 72S 

chemMheiapy. 739 7W. 711 
pigeons, 740 
squabs, 710 
dikkens. 715, 716 
clinical findings and pathology 
thickens, 719 
ducks. 7C3. 719.720 
pigeons. 716. 717 
seagulls. 708. 726 
turkeys. 721-26 

complement fixation rcaciicn in 
ducks. 707 

complement fixation tot. 73- 
consumer pioieaion.75». <>S 
cross-immunity tesu. /3- 
dbgnosis. technical procedures. 

727 

direct complement fixation test. 

dometicated pheasanu. 716 
ducks. 701-10 

incidence by counlfies._i05 
uolauon of b<»lu>ni»f- *w> 
latent infection, 720 
scroCbrmnus peiioidiin. .-i 

”;!2blni..607.0» 
turkey. ’>2.713 ^ 
elementary 'ly... 

epidemiology. '4M0. i4» 
wicketu. 742. <43 
pigeons. 742 
oceanic birds. < !• 
show lurds, 71- ^ 
turkeys, <41. 
eiioJ^T >"'> 

„p<5,mcnral or Indicator hosts. 
693.691 

feather mites. <H 

fibiinoui peiicatdius. tuikey. 

•""'“-‘I '“‘‘“‘I”'- 

729 

on came tanas. 699 
reese. 705. 721 
bepaiomcssly* 

plants. <51. <>- 

byjtSDUm. 

immuo.iy, •3*. - j. *,5 

irws.TOl.T'—-^ 


indirect complement fixailon 
lest. 736 
infection 

human acrogtnic, 743 
ljUiniory. 749, "50 
uccupaiiotial-aaiJental. 748 
in pioccssing plants, 751. <52 
initadtimal tests. 738 
Ijloratory tesu, 723-32 
leihiliiy-ncutralualion testt, <33 
iMiipl ogtJnuloma ccncieum 
agent, 652 

3iicc.'iia»e;ii> Stain. 723 
n,xn poultry reUtioniliip, O.S 
Menojwn galiiiue. 716 
m irixs'rop'croent fixation tcil. 

mode of transmis'ion. 747. 748. 

749 

natural iniectioiis. C91. 693 
r.ctupaii,<oaJ croups. 679 
ofnipai.onal infections in man. 
/II 

in tyiegoii flock. 710. 711 
naihogenicity for espcrimenial 
l.t.iu, 0J2 

paihpOgcnicity tests, 732 
pigeon _ 

chcriollierapr.^<»8 

c»n)uncti4ili*, 716 
enroutics, 698 
croups. 699. "W 
on turkey randi. 7M 
nneiimonllis in prixesiing 
pUnts, <06 

presemiim on poultry faimi. 
750.751 

pnw..;"! pM... P'-'""-' 
tarasurcs. 751. <aZ 
prophybxU^and^ control meai- 

pulmonary lesions in imker. 


.754 


treognitina — •- , ■ 
and SilnKmcllos-s. 'W. 
aeiologle d.fIereniUt.on._<53 
Mwtees of human ta«..44 
sjiartowi ai liosU. 714 

dinlol pittutc.717 
farms. 7ul 

laionorov of group. 657 
lurkcTi 710-1 1 

exp<nrocn:>Yn^‘^*jj’* 

J.alalcs.674 
in saiicKis »!•«■<% 

log plant*. I..,.,. 

Orv-r-haiyn*- 

ialh>^k.gT, 
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Osteopetrosis (conjinuetf^ 
sjmpiomatology, 538 
sjnonjrns, 537 
Ovary. 43.44 

Oviducts. 41. 44 
Oxyvpirura mansoni, 069 

P 


p-Aminobenioic acid, 2H 
Pancreas, 37 

avian leukosis tumors, 594-96 
Pantothenic acid. 203 
Hu inlerrelalioTisYiip, 207 
deficiency^ 206 

symptoms. 205, 206 
nature, 203 
occurrence, 205 
icquiterncnis, 205 
ircaJnieRt. 206 

Paracolon bacteria. 306. 5ee also 
Aruona infections 
Anrona group, 300 
Beihcsda-Dallerup. 306 
Providence ^oup, 306 
Paracolon infections, turkey. 1302 
Paramphlstoniidae, 1018 
Parasites 

genetic variation m, 79. 80 
resistance to, 86 
vitamin A. 186, 187 
Parathyroid glands, 49 
Paratyphoid infection, 261. See 
also Salmonella mfeccion 
agglutination test, 303, 304 
antigenic group*/ 271 
antigenic siruccure, 209, 270 
arthritis, 289 
blood in, If3 
chickens, 274 
contjot, 298 
diagnosis, 291, 292 
distribution of types, 286. 287 
ducks. 274. 275 

economic iraportancc, 263 266 
egs transmiMion, 278 
etiology, 261. 262 
tree living birds, 277, 278 
geese. 274 
historv, 261 

host dmribuliOD. 273, 274, 275 
inadence, 265, 260 
lesions. 288. 289 
man, 278 

mode of transmission, 281, 2H2 
monalitv 
chicks, 272 

natural conditions, 273 
poults, 272 

muluple type infections, 268 
natural distribution. 263, 2C6 
organism 

fermentation reactions. 252, 
203 

properties, 262 
resistance, 263, 264 
Wabificy, 263. 264 


pathogeniat), 271 
pheasants, 276 
pigeon, 275. 276 
pievention, 298 
saratatiOA 

btoodKi^ penod. 301 
Bock. 302 
hatchery, 298 
sea birds, 277 
sert^ogy, 269, 270 
serotype, 273 
serum plate test. 303. 304 
symptoms, 288, 2^ 
adult birds, 290 
testing, seiolo^cai. 302 
tests, other, 303 
treatment, 294, 293 
tube agglutination test. 303 
turkey, 273 
tiild mammals, 278 
Pasreurella mullocida, 360 
Pasieurella pseudotuberculosis, 

435. See also Pseudotubercu- 
losis 

PasieurelU scpiicaemiae, 470. See 
obo Goose inBuenra 
Pasieuiellosis, 359. See also Foul 
cholera 

Pathogenic organisms, genetic se- 
lection Cor resistance. S8. 89 
Pathological entities, heredity, as- 
sociated with. $0. 81 
Pendulous crop, turkey, 1355 
Pentosans. 155 
Perosis. 165, 166 
Pheasants 

domesiicaiod. ornithosis, 716 
Salmonella, 276 
Phenol. 131 

Philophihalraus gralli. 1038, 1039, 
1010 

Physio-biocheraical variations, 
genetics in. 82. 83 
Phyttn, phosphorus. 159 
Pia, 1166 

Picking behavior, genelia, 84 
Pigeon 

anbriiis. Salmonella, 289 
Aspergillus glaucus. 499 
depluming mite. 947 
lice,929 
nasal mites, 931 
ornithosis 

aerosol eaposuw. 700 
conjunctivitis in, 716 
eiuootic. 693. 699 
epideniiology, 7^ 
incidence by countries, 701. 
702,703 

Salmonella, 275, 276 
tmcoplasma infection, 1115, 1118 
Tnehonumaa Balbnae, 1139, 
I MO 

Pine wl. 134 
Pineal body, 50. 51 
Pituitary gland. 45-47 
Plagioifayndius formosus, 1001. 
1002 


Plasraodium gallinaceum, 1125 
blood m. 115 

developmental stages, 1127 
Pldsniodium infections 
description, U25 
ducks, 1129 
species. 1125, 1129 
Pneumonitis, in processing plants 
706 

Poikilocy costs, 112, 113 
Poisoning, peanut meal in tur- 
keys, 1206 

Poisoning, turkey. 1357 
Poisons 
aigae. 1242 

alpha naphthyl thiourea, 1231 
ammonium chloride, 1215 
arasan, 1233 
arsenic, 1215 
black locust, 1236 
boric acid, 1217 
Brazilian groundnut. 1213 
carbon monoxide, 1235 
chlordane, 1233 

chlorinated hydrocarbons. 1235 
copper. J217 
corn cockle. 1237 
cottonseed meal, 1237 
coyoiiilo, 1237 
crcsol, 1219 ' 

crolalana seed, 1237-40 
qanides, 1220 
daubenionia seeds, 1240 
DDT (dlchloro-diphenyl-trl- 
chlorethane). 1232 
death camas, 1240 
dieidrin, H3S 

drugs and chemicals, 1213-36 
ergot. 4215 
formaldehyde, 1236 
gloitidium seed. 1240 
insects (rose chafer). 1243 
kamala, 1228 
lead. 4224 

lily of the valley and oleander. 
1241 

lindane, 1234 
malathion, 1234 
mercurial poisoning. 1216 
milkweed, 1241 

raiicellaneoua drugs and chem- 
icals, 1236 
miscellaneous food 
selenium, 1243 
toxic fat syndrome, 1244—17 
naphthalene. 1222 
nicotine sulfate. 1223 
nightshade, 1241 
nitrates. 1225 

other sodium compounds. 1226 
phosphorus, 1224 
phytotoxinj, 1235 
potassium permanganate, 1225 
potatoes, 1242 
protein, 1247 
sodium bicarbonate, 1225 
sodium monoBuoracetate. 1232 
strychnine, 1228 
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sulfonamides, 1228 

thiophosphate, 1235 
turkey. 1357-CO 
vetch seed, 1240 
line. 1224 

anc phosphide, 1224 
Poisons and toxins, 1212 

autointoxication, 1212 

bacterial toxins, 1213 

molds and fungi, 213 
Polymoiphus boschadis. 
Postharmostomum gallinum, 1047 
Potassium, l&l, 165 
requirements, 163 
Pox, 788. See also Fowl pox 
Prosthogonimus macrorchis, *050 
Protein. 144. See also Amino aads 
animal proteins. 154 
composition, 144, 145 
digestion, 63. 64, 145 
excess. 153. 154 
quantiiathc requirements, 

149 


requirementa of poultry, 145 
sources, 153 
Protein level 

S roduction, 153 
ering, 153 

low. 153 .... 

Protein quality, effect by heat. 

152 

Protein requirements 
ages, 146 
chick, 147 
ducks. 148, 149 
as enexgy.proiein ratios, 140 
temperature, 145, 146 
turkey breeders, 148 
Protozoa, 1056 , 

aegyptianclla infections, llSa- 
1133 

amebas, parasitic, 1146. . 

Chilomastix gallinarura, ll4i, 
1142 

coeddiosis 
chicken. 1056 
ducks, 1095, 1090 
goose, 1093, 1094 
turkey, 1083-92 
Cochlosoma anatis, 1143 
Endolimax gregariniformis, 

1146,1147 

Entamoeba gallinarum, " 
Haemoproieus infections, 1121 
Hexamiu infection, 1143, IH* 

Histomonas meleagtidis. lOyo, 

1097 

intestinal flagellates, 1137 
Isospora. 1083 
Leucocytozoon, 1110 
plasmodium infections. 1124 
Protrichomonas anatis, 114X, 

“^3 . ,,,, 

Toxoplasma infection, Ilia 
Trichomonas eberthi, 1138 
Trypanosoma infections, 1134 
turkey disease, 1323 ,, 

Protrichomonas anatis, 1142, i»4a 


Provenuiculus 

anomalies, 1177 

digestion in. 66 

Providence group. 30i> 
Pseudolyndiia canarie^s, 938 
Pseudotuberculosis, 433 
anatomical changes, 438 
dissemination, 437 

etiology. 436 
history, 435, 436 
occurrence, 136 
svmpioms. 437 

■UimBii 

Pxilostomidac. 1043, 1014 _ 

I^itticosis, 675 See also Omitho- 

bcjLniae. paihc^enesis. 687, 
688 

ecology in !ho« b.c*. ®7 
elementary forms. 7jg 

jkS'°S' 

expenmemal or indicator hosts, 

mddme!]human. 67^0W. 

palhS"W‘y 

hosts. 692 

virus strains. 6W 

Pullet disease. See Avian 

Salmonella puUorum 
agglutination test 
marroscopie tub 


rapid swum ‘«t. 248. 
stamed antigen. 247 
standard tube i«h ktJ 

whole blood anugen. 24/ 

anogen.245.246 

control. 242, 243 
cycle of iofco.o^;,«> 

diagnosis. 23^ 

incidence. K ^ 

ciiotogy.ffi* (ormaWehyde. 
fumigation oy 

incubator 

t„niigaUon.241 
infection. 230 
sanitation. 241. 2« 

Mission 228 

modes of tiansmwsion.^ 


poiliogenicity, 227, 228 
retesting, 250 

Salmonella pullorum, 223-26 
antigenic composition, 225 
niUivation, 224 
loxicogemc properties. Zii 
svroptoms 

adult fowl, 231.252 
cluck, 234 
testing 
flocks, 250 

miscellaneous. 249 

siimman for fourteen states. 
252 

summary for Massadiusetts, 

251 

therapeutics. 240 
turkey, 1302 
Pyridoxins. 208 

deficiency, symptoms, 2ua 
nature, 208 

occurrence, 208 
requirerocnis, 208 


Ouail 481. See also Vlcesated 

^“ enteritis quail disease 

bronchitis. 6l9, 620 _ 

Qo,Icm»y 
pounds, 137 
Quicklime, 132 

R 

ESiSSwc 

RailUeiina .f ' 1019.' 1021 

Raillietina v'dba'nSk 
Renal adenocarcinoma. 64i 

ncSf'cSi?-”* p- 

doaaus, 1204 

csslic oviducu. 1201 
^.g bound, 1202 

internal laj'^ ..gj 

ovanan disorders, 12W 

Reproductive syxtem. 42-4 

.;,».t»icj „„w, M 

SS’f.c<.gn..ion.e"”'““‘"- 

„S,<3b'.»d 
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Riboflaiin, 202 
diemical nature, 20S 
cuilcd-toe paralysis. 204 
deficiency 
pathology. 205 
symptoms, 205 
turkey, 204 
occurrence, 203 
recjuiremems, £03 
uuliration. genetics in. 82 
Rickets 

turkey, 1257, 1258 
sitamin D dcfioency. 194. 195 
Rjvoluiia bifurcata, 949 

leukosis, 551 

s 

Sabouriud's glucose agar, 502 
Salmonella 
antigenic groups, 271 
antigenic structure. 269. 270 
in brooder, 234 
cross agglutination, 271 
cultivation, 292, 293 
egg fumigation. 299-SOl 
egg products, 286 
egg (ransraission, 278 
eggs, frozen. 260 
eggs, potsder, 280 
eggshell penetration, 284 
food poisoning. 28] 

B reactions. 294 
n foods, 279 

infection, 260. See also Parity 
phoid infections 
mode of transmission, 281, 2S2 
multiple type infections, 268 
pathogenicity, 271 
in pouliry feed, 283 
serology, 209 
serotypes. 273 

transmission from old to souns 
birds, 285 “ 

type distribution, 286 
types, 265, 266 
chicken, 267 
turkey. 267 
typing centen. 269 
Salmonella gallinarura, 329 See 
also Fowl typhoid 
agglutinaiiofi (esc. 344 
antigens, dried, 353, 354 

pathogemcicy, 338 
relation to S. pullorum sarianli, 
334, 335 

resistance, 86, 337 
toxin, 340 
viability, 337 
Salmonella pullorum, 223 
antigenic composition, 225. 226 
fermentation reactions, 224 
genetic vanancs, 78 
genetics, 87 

susceptible species, 228 
vananis. Salmonella eallmarum 
334 


salmonella lyphimurium and or- 
nithosU, 709 
salmonellosis 

and ornithosis in gulls. 709 
turkey. 1295 
salt. 165. 164 * 

salination. 124. See also Disease 
prevention' 

garcocfstis, SOS, 509. See also Sat- 
cospoiidiosis 

Satcospoiidia, protoaoa-fungs, 510, 
511 

$arcospoiidiosii 
duck. 508 
eoolosi 509 
occunence. 507 

sympioms, lesions, diagnosis, 508 
^a buds. Salmonella. 277 
Seagulls, oinilhosis. 726 
^election tor rcsiMance, genetics, 
SS.89 

5clenium. 137. 171 
vitamin E. 171 

5elC dubbing trait, gciictio fit. 82 
Sensory recepiots. 26. 27 
Seuiocymea colmi, OSO. 981 
Sex and genetics. 92 
Simulnds. 939.910 
Simulium ocudcntale. sector of 
Leucocyiozoon. IIIS 
Sitnuliuin sciiustum. sector of 
Leutocyiosoon. Illl 
Sinuses, draining of 1150 
Skeletal system. 7-9 
Skeleton of head. 12. 13 
Skin 

abnormal conditions. 1179 
histology. 2 
and inugumeiit 
bumblcfoot. 1186 
plantar necrosis. 1189 
stunted chick disease, 1179 
uropygial gland abscess. 1169 
tesitijur dcnnaiiiis. 1183 
xanihomalrais. Ufl( 
tiemalodcs of. ID3S 
Slipped tendon, manganese in. 165 
Small intestine, digestion in, 67 
Smothering, 1170 
Soaal order, genetics in, 84 
Sod disease, 1183 
Sodium and chlorine 
excess, 161 

lequiremcnts, 163, 16I 
ViOium hnoiatl^ 138 
Soybeans and goiter. 159 
Sparrows, otniUiosia. 714 
Special sense organs, 27. 28 
Sphaeiidjotiema globulus, lots 
Sphaeiidioiicnia spinoaccubulum, 
1W5. 1016 

Spirochaeta gallinarum. 1153 
Spirochetosis 
blood in, 114 
diagnosis, 449 
disUibuuon. 447 
447 

histopathol^cal Jesom, 448 
hosts, 447 


signs and lesions, 443 
transmission, 448 
treatment and control, 449 
turkey. 1303 

Splenic hematopoiesis. 109 
Sporozoa, 1056 

Spurs, pretention of detelopment, 
1158 

S'juahs. ornithoiU, 717 
Staphylococcosis. 473. 474 
luikey. ISH 

Staphylococcus aureus. 471 
Siaiicd chicks, 123 
Stomadi, 33-33 
nematodes of. 9*9 
Stouioxyt calatrans, 941 
SirrplobacJllui, 475, 476. See also 
Artliniis 

Streptococcosis, 472 
turkey, 1517 

StrepiocMOJS gallinarum, 473 
Sir'gcidae, 1016 
Sirongylnides atiuin, 991, 095 
Sirongyloididae.OOl 
SttbaUtra bsumptl. 989 
Sulfaryuinoxyline. blood in, 115 
Siiironatnulei, 391, 297 
in coccidiosis, 1075. 1076 
Sulfur. I69 
amino acids, ICO 
Surgery. 1149 
abdominal. 1150 
alxcnscs. 1156 
anesthesia, 1150 
asciics, 1 156 

blood samples, lemotal of. I ICO 
caportizing. 1151 
cecal abli^lioi), 1)51 
claws and tpiin. trimming ol, 
1157 

comb and wattles, aoiputaiion 
of. 1157 

debcaking, 1159 

egS 

rcmotal from abdomen. 1155 
retention, 1155 
Qight control, U5S 
foreign bodies. 1156 
fractures. 1160 
minor operations, 1156 
]>oulardizatioti, 1154 
sinuses, draining of, 1159 
spur dciclopment. prcienlion 
of. 1158 
tumors, 1160 
wounds, 1156 
Syngamidac, 970 
Syngamus cyathosioma, 971 
Syngamui uacliea, 970 
description, 971 
life history, 972 
pathology, 975 

Syringophiius bipcctinatus. 949 

T 

Tamerlania bragai, 1019, 1050 
Tapehormj, 1006. See also Cts- 
lodes of poultry 
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Temperature, protein require- 
menu, 145, 146 
Tenebrio molitor, 93G 
Terramycin, in blood, 115 
Testosterone, imraunitv. 112 
Tetanus 
diagnosis, 440 
goose, 439 
occurrence, 439 
tetanuslike disease, 439 
treatment and prevention, 440 
Tetratneres americana, 982 
Thelaziidae, 969, 978 
Tliiamin 
deficiency 
pathology, 202 
symptoms, £02 
nature. 201 
occurrence, 201 
requirements, 202 
treatment, 202 
Thrush 
course. 506 
diagnosis, 506 
etiology, 504 
• occurrence. 501 
prophylaxis and treatment, 506 
symplonu and lesions, 504 
turkey, 1267. 1268. 1269 
Thymus, 50 
myeloblastosis, 593-94 
Thyroid jilands, 48. 49 
Tongue, 1175, 1176 
Toxins 

autointoxication, 1212 
bacterial. 1213 
phytotoxins. 1236 
toxic fat syndrome, 1244-47 
Toxoplasma 
gondii, 1115 
infection 
cultivation, 1119 
dUgnovs. Ills 
hosu, 1115 
transmission, lliy 
tieaiment, 1119 

Transrnissible enteritis, 1319. See 
olio Avian monocytosis 
Trematoda, 1035 
Trematodes 

Silharziella palonica, 1051 
Brachylaemidae, 1047 
of circulatory system, 1051, 1052 
cliSiihcation key, 1037 
Collyridum faba, 1038 
control of, 1052, 1053 
Cotylurus HabeJliformis, 1046 
development. 1036 
of digestive sjstem, 1041, 1042 
Echinoparyphium rccurvatum, 
1045 

Echinostoiaa revoiuium, IWl, 
iOiZ 

Echinosiomatidae, 1041 
of e>e, 1038, 1039 
general morphology, 1035. 1036 
Jljpoderaeum conoideum, 1042, 
1043 


iropOTtance In poultrv. 1036. 

1037 • 

of liner. 1049‘ 

Notocotylidae. 1047 
Notcxxitylus ^imbneatus, 1048 
Opijihorchij^ae, 1049 
Paiaraphistomidae, 1048 
Philopbtbalmus gralli, 1038, 
sm. 1040 

Posthaemostomum eallinum, 
1047 

Prosihogonimus macrorchis, 

1050, 1051 

1^'lostoiiiidae, 1043. 1044 
of icproducuve system, 1050 
of respiratory system, 1040. 1041 
Ribeiroia ondatrae, 1044, 1045 
of skin, 1038 

snails, copper sulfate, 1053 
Sphaendioitema globulus, 1045 
Sphaeridioicena spinoacctab- 
ultim, 1045, 1046 
Strigeidae, )046 
Tatnerlania btagai, 1049, 1050 
treatment. 1052 
Trematoda, 1035 
in turkeys. 1361.1362 
Typhlocoeium cucumerlna, 

1040, 1041 

Typhocoelum cymbium, 1040, 
1041 

of urinary system, 1049 
Zygocotyle lunaia, f046, (049 
Treponema anserinum, 1132, 1133 
TY^toma sanguisuga, 932. 933 
TVicbononas 
anatis, 1141 
anseri, 1141 
eberthi. 1138. 1139 
gallinae, 1139 
gallinarum. 1137, 1138 
infection, 1137 
doves, 1140 
pigeon. 1139. 1140 
Iteatmcni. 1141 
Tiichornoniasi*. turkeys, 1340. 

1341. 1312 

Tridiopbyrton megnini. 502. See 
abo Favus 

Tricbostrongylidae, 984 
Tnchostiongylus pergiaalis, blood 
in. 114 

Tticbosiiongylus tenuis, 992. 993 
Trichuridac.974.989 
TnunbleuXa aUreddugbi, 943 
Trypanmoma avium. 1135 
Trypanosoma gallinarum. 1136 
Tiypanosoma hannai. 1136 
Trypanosoma infections, 1035 
mosquito traosniissioa, 1135 
Tryptophane, 152 
Tuberculosis, 374. See effo My- 
col^tetiuRi avium 
btood. 113.392 

dmical manifestations, compar- 
acive. 366, 387 
control, 401, 402 
dfsseoimailon, 398 
egg in tranami«icHi, 399 


etiology, 377, 378 
By larvae transmission. 941 
geographic dotributroii. 375 
incidence, 375 
abattoirs. 375, 385 
sge, 377 
climate. 377 
lesions 

anatomic disirtbuiion, 390, 
391 

bone. 391.392, 394 
bone marrow, 392 
gross anatomy, 592 
fung, 393 
muscles, 386 
nutrition in. 383 
prevalence, regional, 375, 376 
rapid agglutination test, 389. 

590 

sources of dissemination, 399 
sources of infection, 384, 885 
symptoms m chickens. 385. 386 
transmission, vecton, 598 
tubercle 

degenerative process, 397 
gross anatomy, 392 
nittopatholo^, 394, 393 
tuberculin test, 376, 387, 388 
tuberculosis-free flock, 402 
turkeys, 400, 1318 
Tumors. 5ee also Neoplastic dis- 
eases 

adenoma, 697 

blood and lymph channels, 875 
blood vascular, 676 
carcinoma 

accessory organs of digestion, 
902 

adenocarcinoma, 907 
adrenal glands, 903 
age relationship. 900 
ahmentaty canal. 90J, 902 
diagnostic characteristia, 90S 
effects on host, 904 
frequency, 899 
gross characteristics, 905 
lategument, 900 
metastasis, 903 

mitToscopiccharaclerist/c*, 905 
other situations, 904 
other types. 907 
papillary. 907 
sites of occurence. 900 
squamous cell, 907 
urogenital tract. 904 
carcinosarcoma, 910 
chondroma and chwidrosai- 
cotna. 870, 871, 872 
concomitant neoplasia. 917 
connective tissue. 864 
efTecis on host. 860 
frequency of occurrence, 805 
gross and miaoscopic de- 
scription. 806 
sites of occurrence. 806 
tpedal leatuici, 867 
embryonaf nephroma. 913 
description, 915, 916 
diagnostic characterutics. 917 
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Tumors (continued) 
cliccts on host, 914 
histogenesis. 914 
metastasis. 917 
occurrence, 914 
ttansplantability, 917 
epithelial tissues, 897 
Qbroma and fibrosarcoma, 808 
hcmoblastic origin. 877 
leukosis, 890. See also Leukosis 
and Asian leukosis complex 
diagnostic charactensiia, 895 
irequency. 891. 892, 893 
gross description, 892 
.hvstqforncsij A91 
microscopic description, 892, 
893 

special features, 894 
lipoma, 8G9 
lymph vascular, 876 
lymphoqtoma 
anatomic situation. 88Q 
comparison with other dit. 

eases, 886 
definition, 877 

diagnostic characteristics, 885 
eRecis on host. 881 
extension, 884 
frequency, 879 

C ss description, 882 
logencirt. 877, 878 
mlaoscopie description. 832, 

special features, 885 
tefniinolo(t>,877 
melanoma, 895 
mesothelioma, 909 
mixed tumors, 909 
muscle tissue, 873 
description, 844 
diagnostic charactcnsiica, 875 
edects on hast, 873 
malignancy, 873, 875 
occurrence, 873 
sites 873 

myclocytoma, 887 
anacooiic situations, 888 
diagnostic characierislics. 890 
etTecu on host, 889 
frequency. 888 
gross description, 889 
histogcnttsis, 887 
microscopic deKtiplion, 889 
special feature, 8S0 
inycoina-ana'msxosatcoma, gbS" 
nephrobfascoraa, 517, 591-93 
nerve tissue, 895 
neurogenic sarcoma 
diagnostic characteristics, 872 
metastasis and malignancy. 
872 

nonneoplaslic cells and tissues 
593 

osteoma and osteogenic sarcoma 
869 

papilloma, 897 


surgical removal, IIGO 
telangiectasis, 877 
icralomacous. 912 
(hymoinia, 909 
trampUntabJe. 515 
viral tuinorj, 318 
Tuikey 

abscess of foot pads. 1343 

aciinoiuycosis, 1322 

aortic luptutc, ISIS 

Aniona iiiriciitMss. IS02 

asdics, 1314 

aspergillosis, ISM, 12G5 

avian monocytosis, blood in, 

hacirnal diseases of. 1270 
btuebacL and cannibalism, 1341. 
>343 

botulism. 1270, 1271 
brcedcis 

proiein icquimnciils, 148 
calcium icquncinenls of poults, 
149. IC2 

candidiasis. 1267. 1268, t2C9 
Capillaiia caudinfUia. 99! 
ccsiode InCcsiaiions, 1361 
chicken Tclaiioiiship,99(> 
Clostridium infections. 1322 
coccidiosis, 1088-92, 132!>.3( 
characieiisiics of S|><des. 


Eimeiia dispeiu. 1039, 1090 
Eimctia gallopavonis. 1089. 
1090 

Eimctia inocua. 1090 
Eimeria melcagtfdis. 1088 
Eiracna raelcagtimiiis. 1088, 
1039 

Eiincna subroiunda. 1090 
Isospora. 1038 
tieaiment. 1092 
dietary dermamis. 1259 
dietary diseases. 1253. 1259, 
1262 

diseases, 1253 
ectoparasites. 1363 
eggs and Salmonella. 283 
enlarged bock disorder. 199 

hemorTbagic, 1 347 
nonspecific, 1346 
erysipelas. 1271 
diagnosis. 1273 
necTopry lindiogs. 127J 
pievcntion, control, and 
treatment. 1274 
signs and rnorUlity. 1272 
Escbctichia inCecUons, 1321 
favus. 1266 

feather achroma and amino 
aads, 150, 152 
food passage time, 69 
fowl cholera, 368,1276 
nDnuinuaikm, 1278 
necropsy Gitdings, 1277 


prevention, control, and 
treatment. J277 
signs, course, and mortality, 
1277 

ticatiiiciil with diugs, 1273 
foul pox, 1279 
couise and nioitallty. 1282 
iipii and necropsy findings. 


vaccination, 1282. 1283, 1281 
fowl typhoid, 339. 1292 
necTupsy findings, 1293 
ptcicniion, coiiirot. and 
treatment. 1293, 1291 
sjpju, course, and mortality, 
1292 

fungus diseases, 1261 
iicjt prostration, 1349 
hexainiiiasu. 1332. 1333, 1331. 

1335. ISS6 
hislomoniasis, 1323 
cycle of infection than. 1325 
dilTeteniial diagnosil. 1326 
etiology, signs, 1321 
necropsy fmJinp, 1324 
treatment, prevention, 1326, 
1327. 1328 

infectious sinusitis, 1285 
course and necropsy findings. 
1287 

clMoin and iianualuion, 
1286, 1287 

prevention, eoniiol, and treat- 
ment. 1288, 1289, 1290 
infectious synovitis, 829 
ircatmciii. 629 
injuries, 1350 

Leiatoconjunctiiitfs, 1353, 1354 
l.cucocytutoon, llll 
iiifctuons. ins, 1337. 1338. 
1339 

leukosis, 1320 
lice, 929 

1321 

manganese in breeders. IC7 
miscellaneous diseases, 1321, 
13(3 

moniliasis, 505 
Mycobacterium avium, SSI 
MyCDtoxicosis. 12GG 
nematode infestations, 1360, 
1361 

Newcastle disease, 129’> 
om/iliahlis, 1322, 1354 
Dinithosis, C77 

clinical findings and pathol- 
ogy, 721, 726 
ecology, 712, 715 
epidemiology, 745-16 
experimental, 724 
gonads, 721 
human infections, 745 
pulmonary lesions. 726 
paracolon infections, 1302 
paratyphoid infoction, 273 
pendulous crop, 1355. 1556, 1357 
pcrosis, 1259 
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prevention of, 12G2 
signs, 1262 

poisoning, 1266, 1557, 1558, 
1359, 1360 
poults 

magnesium requirement, 163 
ornjthosis, 694, D95 
vitamin D requirements, 1259 
protein requirements, 146 
poults, 147, 14S 
protozoan diseases, 1323 
pseudotuberculosts, 1322 
Pseudomonas infections, 1321 
psitticosis, 710-14 
pulloium disease, 1302 
bleeding for agglutination 
test. 1304 

control and treatment. 1305, 
1305. 1307 

necn>ps7 findings and pre- 
vention, 1303 
signs and (norCabty, 1302, 

_1303 

quantitative nutrient require- 
Rients, 149 

riboflavin deficiency. 204 
rtekets. 1257. 1258 
Salmonella. 283 

S eximental infection. 290 
aces, 1297 
types, 265. 267 
salmonellosis, 1295 
necropsy findings and pre- 
vention, 1298, 1299 
transmission, 1296 
treatment and control, 1299, 
1300 

spirochetosis, 1508 
diagnosis, prevention, and 
control. 1SI2, ISIS 
necropsy findings and hitco- 
pachology, 1310, 1311 
signs and vectors, 1309, 1310 
staphylococcosis, 1314. 1315, 1318 
streptococcosis. 1317, 1318 
thrush, 1267. 1268. 1269 
transmissible enteritis, 1319 
trematode infestations, 1361, 
1362 

trichomoniasis. 1540, 1341, 1342 

tuberculosis, 400, 1318, 1319 

turkey X disease. 1266 

viral diseases. 1270 

viral hepatitis, 1320 

virulent bedsoniae isolates, 693 

vitamin A 

deficiency, 1255, 1254, 1255, 
1256 

control and prevention, 1257 
requirements, 186 
signs, 1255 
vitamin D 

deficiency. 1257, 1258 
prevention and control, 1258, 
1259 

requirements. 1257, J258 
signs, 1257 


vitamtn r^uiiements, 182 
line requirements, 170 
Typhlocoelum cucumenna. 1040, 
1041 

Typhloroclum ermbium, 1040. 
1041 


u 


Ulcerated enteritis quail disease, 
431 

conirol, 490t 491 
etioic^, 486 
gross wsions. 482 
bMlopatholcgy, 485 
signs, 482 
transmission. 489 
Ultimobianchial bodies, 49, 50 
Uremic poisoning, nitrogenous 
concentrates. 154 
Urinary sysiem. trematodes, 1049 
Urogenital system. 38-42 

V 


Vascular system. 14-23 
Veins, 21, 22 

Vesicular dermatitis, 118$. See 
etso "Sod disease" 

Vibrio infection 
cause and dissemination. 440 
pathology, 441 
symptoms, 440 

treatment and prevention, 441 
Vibrio metchnikovi, 440 See also 
Vibrio infection 
Vices 

caonibalistn. 1162 
causes, 1162 
control. 1164 
types of. 1162 
cgRi 

eating of. 1165 
hiding oi, 1)65 
pica, 1166 
Viral agents 

eieetjon mieroscopo studies ot 
568. 599, 600 

nonneoplasiic cells and tissues, 
593 

Viral diseases of turkeys. 1270 
Viral hepatitis, (uxiey, 1320 
Viruses, myeloblastosis. 550 
Visceral lymphomatosis 
bone mamxv. 533 
^Rerential diagnosis. 536 
endothelioma. 533, 535 
heart. 532 
hematology, 536 
liver, 535 

iymphoid fod, 534 
occurrence, 531 
pathology, 53f 
symptomatology, 531 
synonyms. 530 


Vitamin A 
antioxidants, 157 
chemical nature, 184 
deficiency, 184, 185 
adult chickens, 187 
chicks, 185, 186 
coccidiosis. 186. 187 
diiTercntial diagnosis, 191 
ducks, IS6 
egg quality, 186 
esophagus, 187 
histopaiholDgy, 188. 189, 190 
necropsy findings. 1256 
pathology. 187, 188 
pharynx, 187 
signs. 1255 
symptoms, 185. 186 
tongue. 190, 191 
trachea, 189 
treatment, I9I 
tuikey. 1255 
occurrence, 184 
pro-vjtamins A, 184 
requirements of poultry, 165 
turkey, 186, 1253, 1254, 1255, 
12.57 

xanthophylls, 185 
Vitamin ff,. 201 See eho Thia- 
min 

Vitamin B; See Riboflavin 
Vitamin Bo See Pyrtdomne 
Vitamin Bu. 205,211 
deficiency 
pathology, 212 
symptoms, 212 
nature. 21) 
occurrence, 21) 
requirements, 212 
treatment, 212 
Vitamin bioim See Biotin 
Vitamin C, 214 
Vitamin O 
antioxidants, 193 
chemical nature, 192 
cod liver ml, 192 
D, vitamin, 192 
D, vitamin, 192. 194 
deficiency. 19l 
feather pigmentation, 195 
pathology, 194, 195 
symptoms, 193, 194 
treatment, 193 
in turkey. 1257, 1258 
hyperWiafninosij. 194 
international unit, 192 
occurrence, 192 
requirements, 182, 192 
in turkey. 1257, 1258 
Vitamin dcticiencies, 181 
riboflavin, blood in, 115 
Vitamin E 
chemical nature. 196 
deficiency, 195 
encephatomalada. 197 
pathology, 196. 197. 193, 199 
symptoms, 196 
treatment, 200 
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ViCimm E (continued) 
encephalomalaciz, 106. 197 
enlarged hock disorder of tur 
key, 199 

exudative diaihesii in chicVa, 
199 

muscular dystrophy, 199^ 20(J 
occurrence 196 

requirements 182, 196 - 

seleniuia, 157. J71 
Vitamin folic acid See Folic add 
Vitamin K 
in blood 115 
chemical nature, 20Q 
deficiency , 200 
hemorrhagic lyndrome, 201 
pathology. 261 
lymploms. 201 


treaUBenr. 201 
Kt vtuuun, 200 
Kj viiamui, <{01 
occurrences^ 
tequitcroenu 182 201 

Vitamin niaan See Niaon 
Vitamin pantothenic add See 
Pantothenic acul 
Xiiamma • 

content poultry feeds. 18) 
‘rcquuemciiu, 182 
/ t,uH.cy ^ultj, 125) 1251 1255 

■ w ‘ 

VVatet requitcincnu 12a, i?) 


Waicrcrs. 126. 127, 111 
UenyonclU galhnae, 1070. 1071 
Western duck sickncM See Ilotu 

Wounds. 1150 


X 


Xanthoiaaiosu. J|61 
Xanthophyllf, IBS 


I 


Zinc. 169, 170 
deficfcncy, 169. 170 
Zy^ocotyle lunaia, 1018. 1019 



